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General Introduction 


Analog Devices designs, manufactures and sells worldwide 
sophisticated electronic components and subsystems for use in 
real-world signal processing. More than six hundred standard 
products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including several embodiments of CMOS, BiMOS, 
bipolar and hybrid integrated circuits, each optimized for spe- 
cific attributes - and assembled products in the form of potted 
modules, printed-circuit boards and instrument packages. 

State-of-the-art technologies have been utilized (and in many 
cases invented) to provide timely, reliable, easy-to-use advanced 
designs at realistic prices. Our popular IC products are available 
in both conventional and surface-mount packages (SO, LCC, 
PLCC), and many of our assembled products employ surface- 
mount technology to reduce manufacturing costs and overall 
size. More than twenty years of successful applications experi- 
ence and continuing vertical integration insure that these prod- 
ucts are oriented to user needs. The ongoing application of 
today’s state-of-the-art and the invention of tomorrow’s state- 
of-the-art processes strengthen the leadership position of Analog 
Devices in standard data-acquisition and signal-processing prod- 
ucts and make us a strong contender in high-performance 
mixed-signal ASICs. 

MAJOR PROGRESS 

Since publication of our 1 988 Data Conversion Products Data- 
book , more than 40 significant new data conversion products 
have been introduced; they run the gamut from brand new 
product categories and technologies to new standard products 
(with improvements in price, performance or design) to aug- 
mented second-source products. They are all classified and sum- 
marized in this Volume, along with existing products that are 
desirable for use in new designs. 

Major new data conversion products include hybrid and mono- 
lithic products with high levels of performance and integration, 
complete and fully guaranteed specifications, and attractive 
price. For high-speed A/D conversion, these include: the 
AD9005 (12 bit, 10 MSPS), AD9006 and AD9016 (6 bit, 

500 MSPS) with direct and demultiplexed 1:2 output, AD9011 
(8 bit, 100 MSPS), AD9028 (8 bit, 300 MSPS) also with direct 
and demultiplexed 1 :2 output, and the AD9048 (8 bit, 

20 MSPS). High-speed D/A conversion is available with the 
AD9712 and AD9713 DACs, providing 100 MSPS and 
80 MSPS update rates, respectively. 

A variety of speed, functionality, and resolution combinations 
are available from the AD7769 dual 8-bit ADC and DAC I/O 
port, the AD7237 and AD7247 dual 12-bit DAC (8+4- or 12-bit 
parallel data loading), AD662 12-bit single-supply DAC, the 
AD7840 14-bit DAC (serial or parallel data loading), the 
AD7772 12-bit, 10 |xs serial output ADC, and the AD7871 and 
AD7872 14-bit ADCs (serial only or serial/parallel data inter- 
face). Higher performance is achieved with the AD 1679 and 
AD1779 14-bit, 100 KSPS ADCs with byte-wide and fully par- 
allel interface, the AD1377 16-bit, 10 jxs ADC, the AD1362 16- 
channel, 10 |xs ADC, the AD1334 ADC with 4 channels of 
simultaneous or independent sampling (well-suited for DSP 
applications), and the AD 1330 which provides A/D conversions 
at 100 KSPS with 18-bit dynamic range and 12 bits of resolution 
in a floating-point output format. 


Digital audio needs are met with the optimized AD1856 (16 bit) 
and AD 1860 (18 bit) DACs, both of which minimize the need 
for external components; video applications are served by the 
ADV453, ADV471, ADV476, and ADV478 video DACs plus 
internal RAM which provide a variety of color resolution, pixel 
density, and color palette choices. Conversion support circuitry 
includes the monolithic AD684 quadruple sample/hold amplifier 
for simultaneous sampling, and the ADI 154 and AD386 16-bit 
sample or track/hold devices. Switching and routing of wide- 
band signals is facilitated by the AD9300 4-channel video 
multiplexer. 

THE 1989/90 DATA CONVERSION PRODUCTS 
DATABOOK 

This Volume provides complete technical data on Analog 
Devices “data conversion” products - designed to process, con- 
dition and otherwise operate between analog signals and digital 
signals. One of a set of three volumes, it is accompanied by 
the DSP Products Databook , dedicated to products for high- 
performance digital signal-processing (i.e., digital-to-digital), and 
the Linear Products Databook , which covers products involved in 
spanning the interface between analog signals and analog results. 

The product data in this book is intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, those existing and available products that offer little if 
any unique advantage over newer products in future designs are 
included in the Index and their data sheets are available from us 
separately - but they aren’t published in this book. 

This book includes: 

• Comprehensive data sheets on more than 193 significant 
product families: 

• Orientation material and selection guides for rapid product 
finding; 

• A representative list of available Analog Devices technical 
publications on real-world analog and digital signal- 
processing; 

• Worldwide Service Directory; and 

• Product Index to all three volumes. 

TECHNICAL SUPPORT 

Our extensive technical literature discusses the technology and 
applications of products for precision measurement and control. 
Besides tutorial material and comprehensive data sheets, includ- 
ing a large amount in our Databooks, we offer Application 
Notes, Application Guides, Technical Handbooks (at reasonable 
prices), and several free serial publications; for example. Analog 
Productlog provides brief information on new products being 
introduced, and Analog Dialogue , our technical magazine, pro- 
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, signal 
processing, control, and test. DSPatch is a quarterly newsletter 
that brings its reader up-to-date applications information on our 
DSP products and the general field of digital signal processing. 
We maintain a mailing list of engineers, scientists, and techni- 
cians with a serious interest in our products. In addition to 
Databook catalogs - and general short-form selection guides, - 
we also publish several short-form catalogs on specific product 
families. You will find typical publications described on pages 
15-6 to 15-8 at the back of the book. 
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SALES OFFICES 

Backing up our design and manufacturing capabilities and our 
extensive array of publications is a network of sales offices and 
representatives throughout the United States and most of the 
world. They are staffed by experienced sales and applications 
engineers, and many of them maintain a local stock of Analog 
Devices products. Our Worldwide Service Directory, as of the 
publication date, appears on pages 15-9 and 15-10 at the back of 
the book. 

RELIABILITY 

The manufacture of reliable products is a key objective at Ana- 
log Devices. The primary focus is the Company wide Quality 
Improvement Process (QIP). In addition, we maintain facilities 
that have been qualified under such standards as MIL-M-38510 
for ICs in the U.S. and Ireland and MIL-STD-1772 for hybrids. 
More than 25 of our products - both proprietary and second- 
source - have qualified for JAN part numbers; others are in the 
process. A larger number of products - including many of the 
newer ones just starting the JAN qualification process - are spe- 
cifically characterized on Standard Military Drawings (SMDs). 
Most of our ICs are available in versions that comply with MIL- 
STD-883C Class B. We publish a Military Products Databook for 
designers who specify ICs and hybrids for military contracts (the 
1987 issue contains data on nearly 150 available product famili- 
ties). A newsletter, Analog Briefings , provides current informa- 
tion about the status of reliability at ADI. 

Our PLUS program makes available standard devices (commer- 
cial and industrial grades, plastic or ceramic packaging) for any 
user with demanding application environments, at a small pre- 
mium. Subjected to stringent screening, similar to MIL-STD- 
883 test methods, they are often suffixed “/+” and are available 
from stock. 


PRODUCTS NOT FOUND IN THE SELECTION 
GUIDES 

For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to products most 
likely to be used for the design of new circuits and systems. If 
the model number of a product you are interested in is not in 
the Index, turn to page 15-4 at the back of this volume where 
you will find a list of older products for which data sheets are 
available upon request. On page 15-5 you will find a guide to 
substitutions (where possible) for products no longer available. 

PRICES 

Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product familities. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 
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D igital-to- An a I og Converters 


Model 

Res 

Bits 

Settling 

Time 

JJlS 

typ 

Bus 

Interface 

Bits 1 

Reference 

Voltage 

Int/Ext (M) 2 

VOLTAGE OUTPUT DACs 

Package Temp 

Options 3 Range 4 Page 

Comments 

AD557 

8 

0.8 

8, |xP 

Int 

N, P 

C 

2-43 

Lowest Cost 8-Bit DACPORT™. Single 

AD7569 

8 

1 

8, fxP 

Int 

E, N, P, Q 

C, I, M 

3-237 

+5 V Supply 

CMOS, Complete 8-Bit DAC/ADC/SH A/ Reference 

AD558 

8 

3 

8, pP 

Int 

D, E, N, P 

C, M 

2-47 

10 V Out DACPORT. Single or Dual Supply 

AD7224 

8 

7 

8, (J.P 

2-12.5 V, Ext 

E, N, P, Q 

C, I, M 

2-189 

CMOS, Low Cost 8-Bit DAC 

HDD-1206 

12 

2 

12 

Int 

M, W 

C, M 

2-459 

Deglitched Voltage Output 

*AD662 

12 

3 

12, pp 

2.56 V, Int 

N, Q 

C, I, M 

2-95 

Complete 12-Bit DACPORT™. Single +5 V Supply 

AD DAC80-V 

12 

3 

12 

6.3 V, Int 

D 

C 

2-411 

Improved Industry Standard 

AD DAC85-V 

12 

3 

12 

6.3 V, Int 

D 

I, M 

2-411 

Improved Industry Standard 

AD DAC87-V 

12 

3 

12 

6.3 V, Int 

D 

I, M 

2-411 

Improved Industry Standard 

AD667 

12 

3 

4/8/12, |jlP 

10 V, Int 

D, E, N, P 

C, I, M 

2-123 

Highest Accuracy Complete 12-Bit DAC 

AD767 

12 

3 

12, |JLP 

10 V, Int 

D, N 

C, I, M 

2-135 

Fastest Interface Complete 12-Bit DAC 

*AD7848 

12 

4 

12, pP 

3 V, Int 

E, N, P, Q 

C, I, M 

2-371 

CMOS, Complete 12-Bit DAC with 

AD7845 

12 

5 

12, pP 

Ext (M) 

E, N, P, Q 

C, I, M 

2-345 

DSP Interface 

CMOS, 12-Bit Multiplying DAC with 

AD7245 

12 

10 

12, pP 

5 V, Int 

E, N, P, Q 

C, I, M 

2-221 

Output Amplifier 

CMOS, 12-Bit Complete DAC, Parallel Load 

AD7248 

12 

10 

8, pP 

5 V, Int 

E, N, P, Q 

C, I, M 

2-221 

CMOS, 12-Bit Complete DAC, Byte Load 

*AD7840 

14 

4 

14/Serial, |xP 

3 V, Int 

E, N, P, Q 

C, I, M 

2-329 

CMOS, 14-Bit Complete DAC, Parallel 

*AD1856 

16 

1.5 

Serial, pP 

Int 

N 

C 

2-161 

or Serial Load 

16-Bit PCM Audio DAC 

AD569 

16 

3 

8/16, |xP 

±5 V, Ext (M) 

D, N 

I, M 

2-83 

Monolithic, 16-Bit Monotonic DAC 

AD DAC71-V 

16 

5 

16 

6.3 V, Int 

D, H 

C 

2-407 

High Resolution 16-Bit DAC 

AD DAC72-V 

16 

5 

16 

6.3 V, Int 

D, H 

c, I 

2-407 

High Resolution 16-Bit DAC 

*AD7846 

16 

6 

16, |xP 

Ext (M) 

D, E, N, P 

C, I, M 

2-357 

CMOS, 16-Bit Multiplying DAC with 

ADI 145 

16 

6 

8/16/Serial, |ulP 

3-6 V, Ext 

G, PLLCC 4 

C 

2-149 

Readback Capability 

DAC1136 

16 

8 

16 

6 V, Int 

Module 

I 

2-453 

High Resolution and Accuracy 

AD1147 

16 

20 

16, |JtP 

10 V, Int 

D 

I 

2-155 

8-Bit Latched Input DAC 

AD1148 

16 

20 

16, |mP 

10 V, Int 

D 

I 

2-155 

for Offset and Gain Adjust 

Separate 8-Bit Bus for Offset 

*AD1860 

18 

1.5 

Serial, pP 

Int 

N 

c 

2-171 

and Gain Adjust DACs 

18-Bit PCM Audio DAC 

DAC1138 

18 

10 

18 

6 V, Int 

Module 

c 

2-453 

High Resolution and Accuracy 

AD1139 

18 

40 

8, jjlP 

-10 V, Int 

D 

c 

2-143 

True 18-Bit Accuracy 


DACPORT is a trademark of Analog Devices, Inc. 
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CURRENT OUTPUT DACs 


Settling 




Time 

Bus 

Reference 







Res 

|JIS 

Interface 

Volt 

Package 

Temp 



Model 

Bits 

typ 

Bits 1 

Int/Ext (M) 2 

Options 3 

Range 4 

Page 

Comments 

AD9768 

8 

0.005 

8, pJP 

-1.26 V, Int 

D, E 


C, M 

2-403 

Ultrahigh Speed, ECL Compatible, 20 mA Output Current 

AD7524 

8 

0.1 

8, ftP 

Ext (M) 

E, N, 

P, Q 

C, I, M 

2-235 

CMOS, Low Cost, 8-Bit Multiplying DAC with Latch 

AD561 

10 

0.25 

10 

Int 

D, N 


C, M 

2-55 

Industry Standard 10-Bit DAC, JAN Part Available 

AD7533 

10 

0.6 

10 

Ext (M) 

E, N, 

P, Q 

C, I, M 

2-245 

CMOS, Low Cost 10-Bit Multiplying DAC 

AD568 

12 

0.035 

12 

Int 

Q 


C, M 

2-71 

Highest Accuracy 12-Bit Ultrahigh Speed DAC 

HDS-1250 

12 

0.035 

12 

Int 

D, M 


C, M 

2-477 

Ultrahigh Speed 12-Bit DAC 

AD668 

12 

0.05 

12 

Ext (M) 

Q 


C, M 

2-131 

Multiplying 12-Bit Ultrahigh Speed DAC 

HDM-1210 

12 

0.085 

12 

Int 

D 


I, M 

2-471 

Ultrahigh Speed 12-Bit Multiplying DAC 

AD565A 

12 

0.25 

12 

10 V, Int 

D 


C, I, M 

2-63 

Industry Workhorse High Speed DAC. 

JAN Part Available 

AD DAC80-I 

12 

0.3 

12 

6.3 V, Int 

D 


C 

2-411 

Industry Standard, High Speed DAC 

AD DAC85-I 

12 

0.3 

12 

6.3 V, Int 

D 


I, M 

2-411 

Improved Industry Standard 

AD DAC87-I 

12 

0.3 

12 

6.3 V, Int 

D 


I, M 

2-411 

Improved Industry Standard 

AD566A 

12 

0.35 

12 

10 V, Ext 

D 


C, M 

2-63 

High Speed DAC 

AD7541A 

12 

0.6 

12 

Ext (M) 

E, N, 

P, Q 

C, I, M 

2-275 

CMOS, 12-Bit Multiplying DAC 

AD7548 

12 

1 

8, jrP 

Ext (M) 

E, N, 

P, Q 

C, I, M 

2-305 

CMOS, Byte Load 12-Bit DAC, Specified with 

Single and Dual Supplies 

AD562 

12 

1.5 

12 

Ext 

D 


C, I, M 

2-59 

Industry Standard, JAN Part Available 

AD563 

12 

1.5 

12 

2.5 V, Int 

D 


C, M 

2-59 

Industry Standard 

AD7542 

12 

2.0 

4, HP 

Ext (M) 

D, E, 

N, P 

C, I, M 

2-281 

CMOS, Nibble Load 12-Bit Multiplying DAC 

AD7543 

12 

2.0 

Serial, piP 

Ext (M) 

D, E, 

N, P, Q 

C, I, M 

2-289 

CMOS, Serial Load 12-Bit Multiplying DAC 

AD7545 

12 

2.0 

12, p,P 

Ext (M) 

E, N, 

P, Q 

C, I, M 

2-293 

CMOS, Parallel Load 12-Bit Multiplying DAC 

AD7545A 

12 

1.0 

12, fxP 

Ext (M) 

E, N, 

P, Q 

C, I, M 

2-297 

CMOS, Improved AD7545 

AD7534 

14 

1.5 

8, p,P 

Ext (M) 

D, N, 

P 

C, I, M 

2-251 

CMOS, Byte Load 

AD7535 

14 

1.5 

8/14, piP 

Ext (M) 

D, E, 

N, P 

C, I, M 

2-255 

CMOS, Parallel or Byte Load 

AD7536 

14 

1.5 

8/14, ijiP 

Ext (M) 

D, E, 

N, P 

C, I, M 

2-259 

CMOS, Parallel or Byte Load, Bipolar Output 

AD7538 

14 

1.5 

14, pP 

Ext (M) 

N, Q 


C, I, M 

2-267 

CMOS, Parallel Load 

*AD1856 

16 

0.35 

Serial, pP 

Int 

N 


C 

2-161 

16-Bit PCM Audio DAC 

AD DAC71-I 

16 

1 

16 

6.3 V, Int 

D, H 


C 

2-407 

High Resolution 16-Bit DAC 

AD DAC72-I 

16 

1 

16 

6.3 V, Int 

D, H 


C, I 

2-407 

High Resolution 16-Bit DAC 

*AD1860 

18 

0.35 

Serial, pP 

Int 

N 


c 

2-171 

18-Bit PCM Audio DAC 


’This column lists the data format for the bus with “|xP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, |xP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; H-Round Hermetic Metal Can (Header); M-Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded 
Chip Carrier (PLCC); Q-Cerdip; W-Ceramic/Glass Dual-In-Line, Non-Hermetic; Z-Ceramic Leaded Chip Carrier. 

4 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

5 PLLCC = Plastic Leadless Chip Carrier. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 
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Update 

Settling 


VIDEO DACs 





Rate 

Time 

Reference 






Res 

MHz 

ns 

Voltage 

Package 

Temp 



Model 

Bits 

min 

max 

Int/Ext 1 

Options 2 

Range 3 

Page 

Comments 

AD9702 

4 

125 

5 

Ext 

D, W 

I 

2-391 

RGB Output, TTL or ECL Interface 

*ADV476 

6 

66, 50, 35 



N 

C 

2-431 

CMOS, Triple 6-Bit Color Palette RAM-DAC 

*ADV471 

6 

80, 50, 35 



P 

C 

2-441 

CMOS, Triple 6-Bit Color Palette RAM-DAC 

AD9703 

8 

300 

6 

Int 

D, W 

I, M 

2-395 

Synchronous Composite Functions, Designed for 
High Resolution Screens, 300 MHz Update Rate 

AD9701 

8 

225 

8 

Int 

E, Q 

I, M 

2-385 

Low Power, Low Glitch Impulse, Synchronous 
Composite Functions, 250 MHz Update Rate 

HDG-0805 

8 

150 

9 

Int 

D, W 

I, M 

2-463 

-5.2 V Power Supply 

AD97O0 

8 

100 

12 

Ext 

D, W 

I, M 

2-379 

Single -5.2 V Power Supply, On-Chip Reference 

*ADV478 

8 

80, 50, 35 



P 

C 

2-441 

CMOS, Triple 8-Bit Color Palette RAM-DAC 

*ADV453 

8 

66, 40 



N, P 

C 

2-421 

CMOS, Triple 8-Bit Color Palette RAM-DAC 

HDG-0807 

8 

50 

14 

Int 

D, W 

I 

2-467 

TTL-Compatible Inputs 

*AD9713 

12 

80 

25 

-1.2 V, Int 

N, P 

C 

2-399 

TTL Compatible Inputs, Low Glitch Energy 

*AD9712 

12 

100 

25 

-1.2 V, Int 

N, P 

c 

2-399 

ECL Compatible Inputs, Low Glitch Energy 


Model 

Res 

dB 

Full Scale 

Range 

dB 

Accuracy 

dB 

LOGDACs™ 

Package Temp 
Options 2 Range 3 

Page 

Comments 

AD7111 

0.375 

88.5 

0.17 

E, N, Q 

C, I, M 

C2-183 

Low Distortion 


LOGDAC is a trademark of Analog Devices, Inc. 
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Model 

Res 

Bits 

Out 

Mode 

V/I 

Settling 

Time 

|JLS 

typ 

Bus 

Interface 

Bits 4 

Reference 

Volt 

Int/Ext 1 

# 

DACs 

Package 

Options 2 

Temp 

Range 3 

Page 

Comments 

*AD7669 

8 

V 

1 

8, ptP 

Int 

2 

N, P 

C, I, M 

3-237 

CMOS, Complete 8-Bit Dual 

*AD7769 

8 

V 

2.5 

8, jaP 

Ext 

2 

N, P 

C, I 

3-329 

DAC/ADC/SHA/Reference 

CMOS, Complete 8-Bit Dual DAC/ 

AD7225 

8 

V 

5 

8, pP 

2-12.5 V, Ext 

4 

E, N, P, Q 

C, I, M 

2-193 

2-Channel ADC 

CMOS, Separate Reference for 

AD7228 

8 

V 

5 

8, pP 

2-10 V, Ext 

8 

E, N, P, Q 

C, I, M 

2-205 

Each DAC 

CMOS, Specified with Single and 

AD7226 

8 

V 

7 

8, |JtP 

2-12.5 V, Ext 

4 

E, N, P, Q, R 

C, I, M 

2-199 

Dual Supplies, Skinny 20-Pin Package 

CMOS, No User Trims, Specified 

AD392 

12 

V 

4 

12, pP 

Int 

4 

M 

C 

2-21 

with Single and Dual Supplies 

Fast Bus Access Time (<40ns), 

AD390 

12 

V 

8 

12, pP 

+ 10 V, Int 

4 

D 

C, M 

2-13 

Data Readback Capability 

Factory Trimmed Gain and Offset 

*AD7237 

12 

V 

10 

8, pP 

+5 V, Int 

2 

N, P, Q 

C, I, M 

2-213 

CMOS, Complete 12-Bit Dual, Byte Load 

*AD7247 

12 

V 

10 

12, |jlP 

+ 5 V, Int 

2 

N, P, Q 

C, I, M 

2-213 

CMOS, Complete 12-Bit Dual, Parallel Load 

AD664 

12 

V 

10 

12, pP 

±14.5 V, Ext (M) 

4 

D, E, N, P 

C, I, M 

2-103 

Readback, Reset, Low Power Quad DAC 

AD394 

12 

V 

15 

12, pP 

±11 V, Ext (M) 

4 

D 

C, M 

2-27 

Four Independent Reference Inputs, 

AD395 

12 

V 

15 

12, pP 

±11 V, Ext (M) 

4 

D 

C, M 

2-27 

Precision Amps for Bipolar Output 

Four Independent Reference Inputs, 

AD396 

14 

V 

15 

8, pP 

±11 V, Ext (M) 

4 

D 

C, M 

2-35 

Precision Amps for Unipolar Output 

Four Independent Reference Inputs, 

AD7528 

8 

I 

0.2 

8, pP 

Ext (M) 

2 

E, N, P, Q, R 

C, I, M 

2-241 

Bipolar Output, Simultaneous Update 

CMOS, +5 V to +15 V Operation, TTL 

AD7628 

8 

I 

0.35 

8, pP 

Ext (M) 

2 

E, N, P, Q 

C, I, M 

2-325 

Compatible at V DD = 5 V 

CMOS, +12 V to +15 V Operation, TTL 

AD7537 

12 

I 

1.5 

8, pP 

Ext (M) 

2 

E, N, P, Q 

C, I, M 

2-263 

Compatible at V DD = 12 V to 15 V 

CMOS, Byte Load, Double Buffered 

AD7547 

12 

I 

1.5 

12, pP 

Ext (M) 

2 

E, N, P, Q 

C, I, M 

2-301 

CMOS, Parallel Load 

AD7549 

12 

I 

1.5 

4, pP 

Ext (M) 

2 

D, E, N, P 

C, I, M 

2-317 

CMOS, Nibble Load, Double Buffered 


! Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

2 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; M-Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip; R-Small 
Outline Plastic (SOIC); W-Ceramic/Glass Dual-In-Line, Non-Hermetic. 

3 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

4 This column lists the data format for the bus with “|xP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, fxP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 bits) 
and is microprocessor compatible. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 
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FACTORS IN CHOOSING A D/A CONVERTER 

In this catalog there are listed some 57 different families of 
digital- to-analog converters (DACs). If one were to consider all 
the variations, there would be several times that number to 
choose among. The reason for so many different types is the 
number of degrees of freedom in selection - technological, func- 
tional, performance and package. Complete information on 
converters may be found in the 700-page book, Analog-Digital 
Conversion Handbook , published by Prentice-Hall, Inc. 

FUNCTIONAL CHARACTERISTICS 

The basic structure of all conventional D/A converters involves 
a network of precision resistors, a set of switches and some form 
of level-shifting to adapt the switch drives to the specified logic 
levels. In addition, the device may contain output-conditioning 
circuitry, an output amplifier, a reference amplifier, an on-board 
reference, on-board buffer registers (single- or dual-rank), con- 
figuration conditioning and even high-voltage isolation. 

Basic DAC 

This form which supplies a current, and consequently a small 
voltage across its internal impedance or an external low-impedance 
load, is used principally for high speed, for example, the 10ns 
HDM-1210. Basic current-output DACs, such as the AD565A, 
are inherently fast, but additional elements (such as an output 
op amp), furnished by the user to meet overall system specs, 
slow down the conversion. Some popular CMOS IC devices, 
such as the AD7543 and the AD7524, are quite simple (and 
correspondingly low in cost), but they usually require a buffering 
op amp. 

While the basic DAC function is almost always linear, there are 
exceptions. For example, the AD7111 LOGDAC, which has 
linear two-quadrant analog response, has a digitally controlled 
exponential gain function, i.e., 0.375dB per bit; thus its gain at 
the input code 1000 0000 (binary 128) is -48dB (48 x 0.375), 
and the analog output swing for 10V p-p input is 0.04 p-pVi N 

/0.375N\ 
to e xp - ^ 2 q J- 

Output Conditioning 

The analog quantity that is the “output” of a DAC, representing 
the input digital data may be a “gain” (multiplying DAC), a 
current and/or a voltage. In order to obtain a substantial voltage 
output at low impedance, an op amp is required. It is often 
provided by the DAC itself (whether monolithic, modular or 
hybrid), but many permit the user to choose an external op amp 
that will meet the particular needs of the application in stability, 
speed and cost. 

Almost all types of DACs provide one or more feedback resistors; 
they are matched to, and thermally track, resistances in the 
network so that an external op amp, if used, will not require an 
external feedback resistor that might introduce tracking errors. 

If more than one feedback resistor is provided, a choice of analog 
output voltage ranges becomes available, e.g., 0 - 5V full-scale 
or 0 - 10V full-scale. If bipolar output- voltage ranges are specified, 
a bipolar-offset resistor is provided to subtract a half-scale value 
from the current flowing through the op amp summing point; it 
is usually derived from the DACs reference (or analog) input to 


avoid additional tracking error. Multiplying DACs use an internal 
or external op amp for bipolar offset. 

In order to avoid difficulties, the user must pay special attention 
to the specified output polarity, its relationship to the reference 
(if external) and to the input digital code. This can be especially 
tricky if the output is bipolar and the input requires a com- 
plementary (negative-true) digital coding. Another such case is 
where a current-output DAC, specified for a particular output- 
voltage polarity when used with an inverting op amp, is used in 
a mode that develops an output voltage passively (without the 
op amp) across an external resistive load. In addition to polarity, 
in this case, the user should be aware of the output-compliance 
constraint and the specified resistive component of output 
impedance. 

Reference Input 

The reference may be specified as external or internal, fixed or 
variable, single polarity or bipolar. If internal, it may be perma- 
nently connected (as in the AD561) or optionally connectible (as 
in the AD565A). If the DAC is a 4-quadrant multiplying type, 
the reference (or “analog input”) is external, variable and bipolar 
(e.g., AD7533, AD7541, AD7541A, etc.). The user should 
check a converter’s specifications to determine whether the full- 
scale accuracy specifications are overall or subdivided into a 
converter-gain spec and a reference spec. 

Digital Data 

There a number of ways in which converters differ in regard to 
the input data: first, the coding must be appropriate (binary, 
offset-binary, twos complement, BCD, arbitrary, etc.), and its 
sense should be understood (positive-true, negative-true). The 
resolution (number of bits) must be sufficient; in addition, the 
specifications must be checked to ascertain that the 2 n distinct 
binary input codes will not only be accepted, but that also they 
will (if necessary) correspond to 2 n output values in a monotonic 
progression at any temperature in the operating range with 
sufficient accuracy. Analog Devices offers DACs with resolutions 
of 8, 10, 12, 14, 16 and 18 bits. The data levels accepted by the 
converter must be checked (TTL, ECL, low-voltage CMOS, 
high-voltage CMOS), as must the input loading imposed by the 
converter and the supply conditions under which the converter 
will respond to the data. Check the data notation (is the MSB 
Bit 1 or Bit (n-1)?) - misinterpretation can lead to connecting 
the data bits in backward order. 

If buffer registers are desired, the converter should have an ap- 
propriate buffer configuration (for example, the AD558 and 
AD7226 have a set of TTL buffers; the AD667 and AD7224 
have two ranks of buffering). 

Controls 

If the DAC has external digital controls - for example, register 
strobes - their drive levels, digital sense (true or false), loading 
and timing must be considered. The function and use of config- 
uration controls (where present), such as serial/parallel, short-cycle 
or chip-select decoding, should be understood, and the appropriate 
ways of disabling them when not needed should be employed. 

Many DACs are specifically designed to interface directly to the 
bus of the computer or microprocessor. These DACs provide 
the necessary control and handshake lines, as well as the data 
bit buffers, to minimize and often eliminate the interface circuitry 
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required. The bus timing should be studied with respect to the 
timing provided by the DAC interface, especially as the processor 
performs a data- write cycle to the DAC. Systems with higher 
speed clocks require either shorter DAC strobe times (such as 
the AD767) or the use of processor-wait states when the DAC is 
addressed. DACs for video applications, such as the AD9701, 
provide special control lines unique to CRT applications (e.g. 
blanking, sync and reference level display). 

STATIC AND DYNAMIC PERFORMANCE 
SPECIFICATIONS 

All DACs are specified using terms such as accuracy, linearity, 
offset, defined and explained below. These static, or “dc,” 
parameters are necessary and sufficient for many applications; 
they may not be sufficient for others, such as those in digital 
signal processing, adaptive filtering, or waveform generation. 
Dynamic, ac specifications define how the DAC performs using 
parameters such as signal-to-noise ratio (SNR), intermodulation 
distortion (IMD) and total harmonic distortion (THD). These 
specifications characterize the performance of the DAC output 
in applications where the envelope of output changes and output 
timing errors are critical. 

POWER SUPPLIES 

Appropriate power supplies should be made available considering 
the logic levels and analog output signals to be employed into 
the system. The appropriate degree of power-supply stability to 
meet the accuracy specs should be employed. In many cases 
separate analog and digital grounds are required; ground wiring 
should follow best practice to minimize digital interference with 
high-accuracy analog signals while ensuring that a connection 
between the grounds can always exist at one point, even if the 
“mecca” point is inadvertently unplugged from the system. 

SPECIFICATIONS AND TERMS 

Definitions of the performance specifications and related infor- 
mation are provided on the next few pages in alphabetical order. 

Accuracy, Absolute 

Error of a D/A converter is the difference between the actual 
analog output and the output that is expected when a given 
digital code is applied to the converter. Sources of error include 
gain (calibration) error, zero error, linearity errors and noise. 
Error is usually commensurate with resolution, i.e., less than 
2 _(n+1) , or “1/2LSB” of full scale. However, accuracy may be 
much better than resolution in some applications; for example, a 
4-bit reference supply having only 16 discrete digitally chosen 
levels would have a resolution of 1/16, but it might have an 
accuracy to within 0.01% of each ideal value. 

Absolute accuracy measurements should be made under a set of 
standard conditions with sources and meters traceable to an 
internationally accepted standard. 

Accuracy, Relative 

Relative accuracy error, expressed in %, ppm or fractions of 
1LSB is the deviation of the analog value at any code (relative 
to the full analog range of the device transfer characteristics) 
from its theoretical value (relative to the same range) after the 
full-scale range (FSR) has been calibrated. Since the discrete 
analog output values corresponding to the digital input values 


ideally lie on a straight line, the relative accuracy error of a 
linear DAC can be interpreted as a measure of nonlinearity ( see 
Linearity). 

Compliance- Voltage Range 

For a current-output DAC, the maximum range of (output) 
terminal voltage for which the device will provide the specified 
current-output characteristics. 

Common-Mode Rejection (CMR) 

The ability of an amplifier to reject the effect of voltage applied 
to both input terminals simultaneously. Usually a logarithmic 
expression representing a “common-mode rejection ratio” e.g., 
1,000,000:1 (CMRR) or 120dB (CMR). A CMRR of 10 6 :1 means 
that a IV common-mode voltage passes through the device as 
though it were a differential input signal of 1 microvolt. 

Common-Mode Voltage 

An undesirable signal picked up in a circuit by both wires making 
up the circuit, with reference to an arbitrary “ground.” Amplifiers 
differ in their ability to amplify a desired signal accurately in 
the presence of a common-mode voltage. 

Deglitcher 

As the input code to a DAC is increased or decreased by small 
changes, it passes through what is known as major and minor 
transitions. The most major transition is at half-scale when the 
DAC switches around the MSB and all switches change state, 
i.e., 0111 1111 to 1000 0000. If, at major transitions, the switches 
are faster (or slower) to switch off than on, this means that for a 
short time the D/A will give a zero (or full-scale) output and 
then return to the required 1LSB above the previous reading. 
Such large transient spikes which differ widely in amplitude and 
are extremely difficult to filter out are commonly known as 
“glitches,” hence, a deglitcher is a device which removes these 
glitches or reduces them to a set of small, uniform pulses. It 
normally consists of a fast sample-hold circuit which holds the 
output constant until the switches reach equilibrium. Glitch 
energy is smallest in fast-switching DACs driven by fast logic 
gates that have little time skew between 0-1 and 1-0 transitions. 



Feedthrough 

Undesirable signal coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e.g., 
feedthrough error in a multiplying DAC. It is variously specified 
in %, ppm, fractions of 1LSB or fractions of 1 volt with a given 
set of inputs at a specified frequency. 

Four-Quadrant 

In a multiplying DAC, “four quadrant” refers to the fact that 
both the reference signal and the number represented by the 
digital input may be of either positive or negative polarity. A 
four-quadrant multiplier is expected to obey the rules of multi- 
plication for algebraic sign. 
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Gain 

The “gain” of a converter is that analog scale-factor setting that 
provides the nominal conversion relationship, e.g., 10V span for 
a full-scale code change in a fixed-reference converter. For 
fixed-reference converters where the use of the internal reference 
is optional, the converter gain and the reference may be specified 
separately. Gain- and zero-adjustment are discussed under Zero. 

Harmonic Distortion (and Total Harmonic Distortion) 

The DAC is driven by the digitized representation of a sine 
wave. The ratio of the rms sum of the harmonics of the DAC 
output to the fundamental value is the THD. Usually only the 
lower order harmonics are included such as second through 
fifth: 


THD = 20 


, (v 2 2 + V 3 2 + V 4 2 + V s 2 ) 1/2 

log — v; 


where Vx is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 and V 5 are the rms amplitudes of the individual harmonics. 



a. Y2LSB Nonlinearity Achieved b. Nonlinearity Reference is 
By Arbitrary Location of "Best Straight Line Through End 
Straight Line". Points. Nonlinearity >VzLSB 

for Curve of a. 

Comparison of Linearity Criteria for 3-Bit D/A Converter. 
Straight Line Through End Points is Easier to Measure, Gives 
More Conservative Specification. 


Intermodulation Distortion 

The DAC is driven by the digitized representation of two combined 
sine waves of frequencies f a and ft,. As with any imperfectly 
linear device, distortion products (of order m + n) are produced 
at sum and difference frequencies of mf a ± nf b where m, n = 0, 

1, 2, 3, . . . . Intermodulation terms are those for which m or n 
is not equal to zero. The second order terms include (f a + f b ) 
and (f a -fb) and the third order terms are (2f a + f b ), (2f a -f b ), 

(f a + 2f b ) and (f a -2f b ). IMD is defined as: 

twt-x ™ , (rms sum of the sum and difference distortion products) 

IMD = 20 log — — - — r - — r — , 

rms amplitude of the fundamental 

Least-Significant Bit (LSB) 

In a system in which a numerical magnitude is represented by a 
series of binary (i.e., two-valued) digits, the LSB is that bit that 
carries the smallest value or weight. For example, in the natural 
binary number 1101 (decimal 13, or 2 3 + 2 2 + 0 4- 2°), the 
rightmost digit is the LSB. Its analog weight, relative to full 
scale is 2~ n where n is the number of binary digits. It represents 
the smallest analog change that can be resolved by an n-bit 
converter. 

Linearity 

Linearity error of a converter (also integral nonlinearity , see 
Linearity , Differential), expressed in %, ppm of full-scale range 
or (sub)multiples of 1LSB, is a deviation of the analog values in 
a plot of the measured conversion relationship from a straight 
line. The straight line can be either a “best straight line” deter- 
mined empirically by manipulation of the gain and/or offset to 
equalize maximum positive and negative deviations of the actual 
transfer characteristics from this straight line; or it can be a 
straight line passing through the end points of the transfer char- 
acteristic after they have been calibrated (sometimes referred to 
as “end-point” linearity). End-point linearity error is similar to 
relative accuracy error. 

For multiplying D/A converters, the analog linearity error, at a 
specified digital code, is defined in the same way as for multipliers, 
i.e., by deviation from a “best straight line” through the plot of 
the analog output-input response. 


Linearity, Differential 

Any two adjacent digital codes should result in measured output 
values that are exactly 1LSB apart (2~ n of full scale for an n-bit 
converter). Any deviation of the measured “step” from the ideal 
difference is called differential nonlinearity expressed in (sub)mul- 
tiples of 1 LSB . It is an important specification because a differential 
linearity error greater than 1LSB can lead to nonmonotonic 
response in a D/A converter and missed codes in an A/D converter 
(see Differential Linearity in the A/D converter section for an 
illustration). 

Monotonic 

A DAC is said to be monotonic if the output either increases or 
remains constant as the digital input increases with the result 
that the output will always be a single-valued function of the 
input. The specification “monotonic” (over a given temperature 
range) is sometimes substituted for a differential nonlinearity 
specification since differential nonlinearity less than 1 LSB is a 
sufficient condition for monotonic behavior. 

Most-Significant Bit (MSB) 

In a system in which a numerical magnitude is represented by a 
series of binary (i.e., two- valued) digits, the MSB is that digit 
(or bit) that carries the largest value of weight. For example, in 
the natural binary number 1101 (decimal 13, or 2 3 + 2 2 + 0 + 
2°), the leftmost “1” is the MSB with a weight of 2 n_1 , or 8 LSBs. 
Its analog weight, relative to a DAC’s full-scale span, is 1/2. In 
bipolar DACs, the MSB indicates the polarity of the number 
represented by the rest of the bits. 

Multiplying DAC 

A multiplying DAC differs from a fixed-reference DAC in being 
designed to operate with varying (or ac) reference signals. The 
output signal of such a DAC is proportional to the product of 
the “reference” (i.e., analog input) voltage and the fractional 
equivalent of the digital input number (see also four-quadrant). 
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Noise, Peak and rms 

Internally generated random noise is not a major factor in D/A 
converters, except at extreme resolutions (e.g., DAC1138) and 
dynamic ranges (AD7111). Random noise is characterized by 
rms specifications for a given bandwidth or as a spectral density 
(current or voltage per root hertz); if the distribution is Gaussian, 
the probability of peak-to-peak values exceeding 7x the rms 
value is less than 0.1%. 

Of much greater importance in DACs is interference in the 
form of high-amplitude low-energy (hence low-rms) spikes ap- 
pearing at the DAC’s output caused by coupling of digital signals 
in a surprising variety of ways; they include coupling via stray 
capacitance, via power supplies, via inadequate ground systems, 
via feedthrough and by glitch generation. Their presence under- 
scores the necessity for maximum application of the designer’s 
art, including layout, shielding, guarding, grounding, bypassing 
and deglitching. 

Offset 

For almost all bipolar converters (e.g., ± 10-volt output), instead 
of actually generating negative currents to correspond to negative 
numbers, a unipolar DAC is used and the output is offset by 
half full scale (1MSB). For best results, this offset voltage or 
current is derived from the same reference supply that determines 
the gain of the converter. 

This makes the zero point of the converter independent of thermal 
drift of the reference because the 1/2 scale offset cancels the 
weight of the MSB at zero, independently of the amplitude of 
both. 

Power-Supply Sensitivity 

The sensitivity of a converter to changes in the power-supply 
voltages is normally expressed in terms of percent-of-full-scale 
change in analog output value (of fractions of 1LSB) for a 1% 
dc change in the power supply, e.g., 0.05%/l%AVs). Power 
supply sensitivity may also be expressed in relation to a specified 
dc shift of supply voltage. A converter may be considered “good” 
if the change in reading at full scale does not exceed ± 1/2LSB 
for a 3% change in power supply. Even better specs are necessary 
for converters designed for battery operation. 

Quantizing Uncertainty (or “Error”) 

The analog continuum is partitioned into 2 n discrete ranges for 
n-bit processing. All analog values within a given range of output 
(of a DAC) are represented by the same digital code usually 
assigned to the nominal midrange value. For applications in 
which an analog continuum is to be restored, there is an inherent 
quantization uncertainty of ± 1/2LSB due to limited resolution, 
in addition to the actual conversion errors. For applications in 
which discrete output levels are desired (e.g., digitally controlled 
power supplies or digitally controlled gains), this consideration 
is not relevant. 

Resolution 

An n-bit binary converter should be able to provide 2 n distinct 
and different analog output values corresponding to the set of n- 
bit binary words. A converter that satisfies this criterion is said 
to have a resolution of n bits. The smallest output change that 
can be resolved by a linear DAC is 2~ n of the full-scale span. 
However, a nonlinear device, such as the AD7111 LOGDAC, 


has a logarithmic gain resolution of 0. 375/88. 5dB = l:256dB 
which corresponds to a gain increment of 4.25%/step or 
26,600:1. 

Settling Time 

The time required, following a prescribed data change, for the 
output of a DAC to reach and remain within a given fraction 
(usually ± 1/2LSB) of the final value. Typical prescribed changes 
are full scale, 1MSB and 1LSB at a major carry. Settling time of 
current-output DACs is quite fast. The major share of settling 
time of a voltage-output DAC is usually contributed by the 
settling time of the output op amp circuit. 

Signal-to-Noise Ratio 

Signal-to-Noise Ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude of 
the fundamental. Noise is the rms sum of all the nonfundamental 
signals up to half the sampling frequency. SNR is dependent on 
the number of quantization levels used in the digitization process; 
the more levels, the smaller the quantization noise. The theoretical 
SNR for a sine wave is given by: 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 8-bit converter, 
SNR = 50dB. 

Slew Rate (or Slewing Rate) 

Slew rate of a device or circuit is a limitation in the rate of 
change of output voltage, usually imposed by some basic circuit 
consideration such as limited current to charge a capacitor. 
Amplifiers with slew rate of a few V/|xs are common and moderate 
in cost. Slew rates greater than about 75 volts/|xs are usually 
seen only in more sophisticated (and expensive) devices. The 
output slewing speed of a voltage-output D/A converter is usually 
limited by the slew rate of the amplifier used at its output (if 
one is used). 

Stability 

Stability of a converter usually applies to the insensitivity of its 
characteristics to time, temperature, etc. All measurements of 
stability are difficult and time consuming, but stability vs. tem- 
perature is sufficiently critical in most applications to warrant 
universal inclusion of temperature coefficients in tables of specifica- 
tions (see “Temperature Coefficient”). 

Staircase 

A voltage or current increasing in equal increment/as a function 
of time and having the appearance of a staircase, (m a time plot) 
generated by applying a pulse train to a counter and the output 
of the counter to the input of a DAC. 

A very simple A/D converter can be built by comparing a staircase 
from a DAC with the unknown analog input. When the DAC 
output exceeds the analog input by a fraction of 1LSB, the 
count is stopped and the code corresponding to the count is the 
digital output. 

Switching Time 

In a DAC, the switching time is the time it takes for the switch 
to change from one state to the other (“delay time” plus “rise 
time” from 10% - 90%) but does not include settling time, e.g., 
to C1/2LSB. 
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Temperature Coefficients 

In general, temperature instabilities are expressed as %/°C, ppm/ 
°C, as fractions of 1LSB/°C or as a change in a parameter over a 
specified temperature range. Measurements are usually made at 
room temperature and at the extremes of the specified range, 
and the temperature coefficient (tempco, T.C.) is defined as the 
change in the parameter divided by the corresponding temperature 
change. Parameters of interest include gain, linearity, offset (bipolar) 
and zero . 

Gain Tempco: Two factors principally affect converter gain 
stability with temperature. 

a) In fixed-reference converters, the reference source will 
vary with temperature. For example, the tempco of 
an AD581L is generally less than 5ppm/°C. 

b) The reference circuitry and switches may add another 
3ppm/°C in good 12-bit converters (e.g. AD566K/T). 

High resolution converters require much better tempcos 
for accuracy commensurate with the resolution. 

Linearity Tempco: Sensitivity of linearity (“integral” and/or 
•differential linearity) to temperature (in % FSR/°C or ppm FSR/°C) 
over the specified range. Monotonic behavior is achieved if the 
differential nonlinearity is less than 1LSB at any temperature in 
the range of interest. The differential nonlinearity temperature 
coefficient may be expressed as a ratio, as a maximum change 
over a temperature range and/or implied by a statement that the 
device is monotonic over the specified temperature range. 


Offset Tempco: The temperature coefficient of the all-DAC- 
switches-off (minus full scale) point of a bipolar converter (in % 
FSR/°C or ppm FSR/°C) depends on three major factors: 

a) The tempco of the reference source 

b) The voltage zero-stability of the output amplifier 

c) The tracking capability of the bipolar-offset 
resistors and the gain resistors 

Unipolar Zero Tempco (in % FSRTC or ppm FSRTC ): The 
temperature stability of a unipolar fixed-reference DAC is prin- 
cipally affected by current leakage (current-output DAC) and 
offset voltage and bias current of the output op amp (voltage-output 
DAC). 

Total Unadjusted Error 

Total unadjusted error is a comprehensive specification which 
includes internal voltage reference error, relative accuracy, gain 
and offset errors. 

Zero- and Gain-Adjustment Principles 

The output of a unipolar DAC is set to zero volts in the all-bits-off 
condition. The gain is set for F.S.(1 — 2 -n ) with all bits on. 

The “zero” of an offset-binary bipolar DAC is set to -F.S. 
with all bits off, and the gain is set for +F.S.(1 -2“ <n_1) ) with 
all bits on. The data sheet instructions should be followed. 
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□ ANALOG 
DEVICES 


Quad 12-Bit Microprocessor- 
Compatible D/A Converter 


AD390* 


FEATURES 

Four Complete 12-Bit DACs in One 1C Package 
Linearity Error ± 1/2LSB T min - T max (AD390K, T) 
Factory-Trimmed Gain and Offset 
Buffered Voltage Output 

Monotonicity Guaranteed Over Full Temperature Range 
Double-Buffered Data Latches 
Includes Reference and Buffer 
Fast Settling: 8ps max to ±1/2LSB 


PRODUCT DESCRIPTION 

The AD390 contains four 12-bit high speed voltage-output 
digital-to-analog converters in a compact 28-pin hybrid package. 
The design is based on a proprietary latched 12 -bit DAC chip 
which reduces chip count and provides high reliability. The 
AD390 is ideal for systems requiring digital control of many 
analog voltages where board space is at a premium. Such appli- 
cations include automatic test equipment, process controllers, 
and vector-scan displays. 

The AD390 is laser-trimmed to ± 1/2LSB max nonlinearity 
(AD390KD, TD) and absolute accuracy of ±0.05 percent of 
full scale. The high initial accuracy is made possible by the use 
of thin-film scaling resistors on the monolithic DAC chips. The 
internal buried zener voltage reference provides excellent tem- 
perature drift characteristics (20ppm/°C) and an initial tolerance 
of ±0.03% maximum. The internal reference buffer allows a 
single common reference to be used for multiple AD390 devices 
in large systems. 

The individual DACs are acce ssed by the CS1 through CS4 
control inputs and the AO and A1 lines. These control signals 
permit the registers of the four DACs to be loaded sequentially 
and the outputs to be simultaneously updated. 

The AD390 outputs are calibrated for a ± 10V output range 
with positive-true offset binary input coding. A 0 to + 10V 
version is available on special order. 

The AD390 is packaged in a 28-lead ceramic package and is 
specified for operation over the 0 to + 70°C and - 55°C to + 125°C 
temperature range. 


•Covered by patent numbers 3,803,590; 3,890,611; 3,932,863; 
3,978,473; 4,020,486 and other patents pending. 


AD390 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. The AD390 offers a dramatic reduction in printed circuit 
board space requirements in systems using multiple DACs. 

2. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

3. The output voltage is trimmed to a full scale accuracy of 
±0.05%. Settling time to ± 1/2LSB is 8 microseconds 
maximum. 

4. An internal 10 volt reference is available or an external reference 
can be used. With an external reference, the AD390 gain TC 
is ±5ppm/°C maximum. 

5. The proprietary monolithic DAC chips provide excellent 
linearity and guaranteed monotonicity over the full operating 
temperature range. 

6. The 28-pin double- width hybrid package provides extremely 
high functional density. No external components or adjustments 
are required to provide the complete function. 

7. The AD390SD and AD390TD feature guaranteed accuracy 
and linearity over the - 55°C to + 125°C temperature range. 
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(T a = +25°C, V s = ± 15V unless otherwise specified) 


Model 

Min 

AD390JD/SD 

Typ 

Max 

Min 

AD390KD/TD 

Typ 

Max 

Units 

DATA INPUTS (Pins 1-12 and 23-28)' 








Except Pin 24 TTL or 5 Volt CMOS 








Input Voltage 








Bit ON (Logic “1”) 

+ 2.0 



+ 2.0 


+ 5.5 

V 

Bit OFF (Logic “0”) 






+ 0.8 

V 

Input Current (Pin 24 is 3 x Larger) 








Bit ON (Logic “1”) 


500 

1200 


500 

1200 

fxA 

Bit OFF (Logic “0”) 


150 

400 


150 

400 

p,A 

RESOLUTION 

12 

12 

Bits 

OUTPUT 2 








Voltage Range 3 



±10 



±10 

V 

Current 



5 



5 

mA 

Settling Time (to ± V 2 LSB) 


4 

8 


4 

8 

|XS 

ACCURACY 








Gain Error (w/ext. 10.000V reference) 





±0.025 

±0.05 

%ofFSR 4 

Offset 





±0.012 

±0.025 

%ofFSR 

Linearity Error 


±1/4 

±3/4 


±1/8 

±1/2 

LSB 

Differential Linearity Error 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

TEMPERATURE DRIFT 








Gain (internal reference) 



±40 



±20 

ppm/°C 

(external reference) 



±10 



±5 

ppm/°C 

Zero 



±10 



±5 

ppm/°C 

Linearity Error T^ - T max 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Differential Linearity MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE | 


CROSSTALK 5 

0.1 

0.1 

LSB 

REFERENCE OUTPUT 








Voltage (without load) 

9.997 

10.000 

10.003 

9.997 

10.000 

10.003 

V 

Current (available for external use) 

2.5 

3.5 


2.5 

3.5 


mA 

REFERENCE INPUT 








Input Resistance 


10 10 



10 10 


n 

Voltage Range 

5 


11 

5 


11 

V 

POWER REQUIREMENTS 








Voltage 6 

±13.5 

±15 

±16.5 

±13.5 

±15 

±16.5 

V 

Current 








+ V§ 


12 

20 


12 

20 

mA 

-V s 


-75 

-90 


-75 

-90 

mA 

POWER SUPPLY GAIN SENSITIVITY 








+ V S 


0.002 





%FS/% 

-V s 





0.0025 


%FS/% 

TEMPERATURE RANGE 








Operating (Full Specifications)], K 

0 


+ 70 

0 


■ 

°C 

S,T 

-55 


+ 125 

-55 



°c 

Storage 

-65 


+ 150 

-65 



°c 


NOTES 

'Timing specifications appear in Table II. 

2 The AD390 outputs are guaranteed stable for load capacitances up to 300pF. 

3 ± 10V range is standard. A 0 to 10V version is also available. To order, use the following part numbers: 

AD50207-1 J Grade 

AD50207-2 K Grade 

AD50207-3 S Grade 

AD50207-4 T Grade 

AD50207-7 S/883B Grade 

AD50207-8 T/883B Grade 

4 FSR means Full Scale Range and is equal to 20V for a ± 10V range. 

5 Crosstalk is defined as the change in any one output as a result of any other output being driven from - 10V to + 10V into a 2kfi load. 
6 The AD390 can be used with supply voltage as low as ±11 .4V, Figure 10. 

Specifications subject tochange without notice. 
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PIN CONFIGURATION 
TOP VIEW 


(LSB)DBO [T] 

• 

28l CS4 

DB1 []T 


IT) CS3 

082 [T 


IT] CS2 

DB3 [T[ 


~2T1 CS1 

DB4 [T^ 
DB5 [T] 

AD390 

~24~| AO 

1T| A1 

DB6 


22] +V S 

DB7 [TT 


Ti~l v OOT 4 

DB8 [IT 


~20~| Voot* 

DBS QF 


Ti~l Vooti 

DB10 ITT 


18 1 Vooti 

(MSB)DBII QF 


171 REFIN 

DGND p3~ 


TT] refout 

-v s [u 


~ii~| AGND 


ABSOLUTE MAXIMUM RATINGS 

+ V s to DGND 0 to + 18V 

-VstoDGND 0 to -18V 

Digital Inputs (Pins 1-12, 23-28) to DGND ... - 10 to + 7V 

Ref In to DGND ±V S 

AGND to DGND ±0.6V 

Analog Outputs (Pins 16,18-21) 


Indefinite Short to AGND or DGND 
Momentary Short to ± Vs 


ORDERING GUIDE 


Model 

Temperature 

Range 

Gain Error 
25°C 

Linearity Error 

Package 

Option* 

AD390JD 

Oto +70°C 

±4LSB 

± 3/4LSB 

DH-28 

AD390KD 

0 to 4- 70°C 

±2LSB 

± 1/2LSB 

DH-28 

AD390SD 

-55°Cto 4- 125°C 

±4LSB 

± 3/4LSB 

DH-28 

AD390TD 

-55°Cto + 125°C 

±2LSB 

± 1/2LSB 

DH-28 


*See Section 14 for package outline information. 
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Digital Circuit Details 

DATA AND CONTROL SIGNAL FORMAT 

The AD390 accepts 12-bit parallel data in response to control 
signals CS1-CS4, AO and A1 The input registers are double-buf- 
fered, allowing any register to be updated independently of the 
others. As detailed in Table I, the four chip select lines are used 
to address the DAC register of interest. It is permissible to have 
more than one chip select active at any time. The first rank 
register of a given DAC is loaded by bringing the appropriate 
chip select and AO both low. The second rank register of any 
DAC can then be loaded by bringing the appropriate chip select 
A1 both low. If CS1-CS4 are all brought low coincident with A1 
low, all four DAC outputs will be updated to the value in the 
corresponding first rank register. All control inputs are level- 
triggered and may be hard-wired low to render any register (or 
group of registers) transparent. 


+ V S -V s DGND AGND 



PINS 1-12 

DBO(LSB) - DBII(MSB) 


Figure 1. AD390 Functional Block Diagram 

CSl CS2 CS3 CS4 Al AO Operation 

1 1 1 1 X X No Operation 

X X X X 1 1 No Operation 

0 1 1 110 Enable 1st rank of DAC 1 

1 0 1 110 Enable 1st rank of DAC 2 

1 10 110 Enable 1st rank of DAC 3 

1 1 10 10 Enable 1st rank of DAC 4 

0 1 1 10 1 Load DAC 1 second rank from first rank 

1 0 1 10 1 Load DAC 2 second rank from first rank 

1 1 0 10 1 Load DAC 3 second rank from first rank 

1 1 1 0 0 1 Load DAC 4 second rank from first rank 

0 0 0 0 0 0 All latches transparent 

Table I. AD390 Truth Table 
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TIMING __ 

The AD390 cont rol signal timing is fairly straightforward. A0, 
Al and CS1-CS4 must be concurrently valid for at least 100ns 
for a desired operation to occur. When loading data from a bus 
into the first rank register, the data inputs must be stable for at 
least 50ns before any control signal returns high. Data can change 
immediately after the control signals are inactive. When loading 
the second rank registers from the first rank, it is possible to 
exercise the chip select inputs at the same time as Al. DAC 
settling time is measured from the falling edge of whichever 
control signal last becomes valid. 

WRITE CYCLE #1 __ 

(Load First Rank from Data Bus; Al = 1) 



WRITE CYCLE #2 _ 

(Load Second Rank from First Rank; A0 = 1) 



Figure 2. Timing Diagrams 


Symbol 

Parameter 

Min Typ 

Max Units 

Uw 

CS 1-4 Valid before AO Rising Edge 

100 

ns 

l WP 

A0 , Al Low Time 

100 

ns 

tow 

DB 1 1 -DB0 valid before A0 Rising Edge 

50 

ns 

tDH 

DB 1 1-DB0 valid after A0 Rising Edge 

10 

ns 

Us 

CS 1-4 valid before A 1 Low 

0 

ns 

tSETT 

Output Voltage Settling Time 

4 

8 |xs 


Table II. AD390 Timing Specifications 


INTERFACING THE AD390 TO MICROPROCESSORS 

The AD390 control logic provides simple interface to micropro- 
cessors. The latches are fast enough to operate with even the 
fastest processors. 

16-Bit Processors 

The AD390 is a 12-bit resolution DAC system and is easily 
interfaced to 16-bit wide data buses. Several possible addressing 
configurations exist. 

In the circuit of Figure 3, the AD390 second rank r egist ers are 
made transparent by hard-wiring Al low. A system WR signal 
is used to drive the A0 control input and a 74LS138 decoder 
driven from the least significant address bits provides the active-low 
CSl through CS4 signals. In this circuit, only one DAC at a 
time may be updated. If simultaneous update of all four DACs 
is required, a slightly different addressing scheme is used. The 
circuit shown in Figure 4 allows selection of either register of 
any DAC at the expense of larger memory space requirements. 
In this circuit, address lines A0 through A3 each select a single 
DAC of the four contained in the AD390. The use of a separate 
address line for each DAC allows several DACs to be accessed 





AD390 


simultaneously. The ad dres s lines are gated by the simultaneous 
occurrence of a system WR and the appropriately decoded base 
address. Selection of first rank or second rank register for any 
DAC is done by using two additional address bits. The AD390 
thus occupies a block of 64 memory word locations but offers 
considerable flexibility in DAC updating. 

In this addressing scheme, the A5 and A4 lines divide the 64 
locations into 4 blocks. When both A5 and A4 are high, no 
operation occurs. When A5 and A4 are both low, data written 
into any one of the DACs (selected by A3-A0) will immediately 
update that analog output. In the address block where A4 is 
low and A5 is high, data is written into the first rank register 
of the selected DAC (or DACs). When A5 is low and A4 is 
high, data previously written into the first rank register of 
the selected DAC is transferred to the second rank register, 
which upd ates the analog output. It is particularly useful to 
perform a WR operation with A5 low, A4 high, and A3 
through AO all low (base address plus 32) since this action 
will cause all four DAC outputs to be simultaneously updated 
to the values previously written into the first rank registers. 

In both addressing schemes shown, AO represents the least 
significant word address bit. In most 16-bit systems this will 
be the A1 address line. Data may reside in either the 12MSBs 
(left- justified) or the lower 12 bits (right-justified). Left jus- 



Figure 3. AD390-1 6-Bit Bus Interface 



ALL GATES: 1/4 74LS32 

Figure 4. Alternate 16-Bit Bus Interface 


tification is useful when the data word represents a binary 
fraction of full scale, while right-justified data usually represents 
an integer value between 0 and 4095. 


8-Bit Processors 

Since the AD390 is designed to accept data in 12-bit words, 
an external latch is required in order to interface with 8-bit 
buses. Thus each DAC in the AD390 occupies 2 memory 
locations. The choice of data format is similar to the choice 
in the 16-bit bus interface. The data can either be right- justified 
(one byte contains the 8LSBs and another the 4MSBs in the 
bottom half of the byte) or left-justified (where one byte 
contains the 8MSBs and another the 4LSBs in the top half of 
the byte). The addressing scheme illustrated in Figure 6 
allows 12 -bit data to be sent to the first rank register of any 
DAC in a right- justified format. The first rank register of 
DAC occupies two memory locations-a write to the even (AO 
low) address stores the 4MSBs of the DAC data in a 74LS173 
quad latch. When the 8LSBs are written to the odd address 
(AO = 1), the eight bits present on the data bus and the four 
bits held in the 74LS173 are strobed into the first rank register 
of the selected DAC. Address bits A1 through A4 select the 
DAC to be addressed, while A6 and A5 enable either the 
first or second rank register (or both) as in the 16-bit interface 
of Figure 4. 




a. Right- Justified Data (0 < D < 4095); 
Vqut = -10V + (4. 883 mV x D) 

D15 D8 D7 DO 



b. Left-Justified Data (o < D - 
Vqut = -10V + (20V x D) 


Figure 5. 12-Bit Data Formats for 16-Bit Bus 



Figure 6. AD390-8-BH Bus Interface Connections 
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Analog Circuit Details 

REFERENCE CONNECTIONS 

The AD390 is equipped with a precision internal reference 
voltage of 10.00 volts, trimmed to within ± 3 millivolts. This 
reference is available for external use and can typically supply 
up to 3.5 milliamps of output current. In normal operation, this 
reference is connected to pin 17 (REF IN), which establishes 
the ±10 volt output scale. The internal reference is sufficiently 
accurate for most applications, however, if a master system 
reference is available, or if a range other than ± 10V (± 10.24V, 
for example) is desired, an external reference may be used. It is 
recommended that the reference used with the AD390 be at 
least 5 volts and at most 11 volts to preserve specified linearity. 


Digital Input Code 

Analog Output Voltage 

0000 0000 0000 

- 10.000V 

- Full Scale 

0100 0000 0000 

-5.000V 

-1/2 Scale 

1000 0000 0000 

o.ooov 

Zero 

1000 0000 0001 

+ 4.88mV 

+ 1LSB 

1100 0000 0000 

+ 5.000V 

+ 1/2 Scale 

mi mi nil 

+ 9.995 IV 

+ Full Scale -1LSB 


Table III. AD390 Analog Output vs. Digital Input (± V 
Scale ) 

GROUNDING RULES 

The AD390 includes two ground connections in order to minimize 
system accuracy degradation arising from grounding errors. The 
two ground pins are designated DGND (pin 13) and AGND 
(pin 15). The DGND pin is the return for the supply currents 
of the AD390, and serves as the reference point for the digital 
input thresholds. Thus DGND should be connected to the same 
ground as the digital circuitry which drives the AD390. 

Pin 15, AGND, is the high quality analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
which follows the AD390. It is recommended that any analog 
signal path carrying significant currents have its own return 
connection to pin 15 as shown in Figure 7. 



Figure 7. Recommended Ground Connections 

Several complications arise in practical systems, particularly if 
the load is referred to a remote ground. These complications 
include dc gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 


power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
AD390 outputs are accurately developed between the output pin 
and pin 15 (AGND), delivering these signals to remote loads 
can be a problem. These problems are compounded if a current 
booster stage is used, or if multiple AD390 packages are used. 
Figure 8 illustrates the parasitic impedances which influence 
output accuracy. 



Figure 8. Grounding Errors in Multiple-AD390 Systems 

An output buffer configured as a subtractor as shown in Figure 
9 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances is eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by currents 
flowing through Z GA are eliminated by sensing the remote ground 
directly with R3. Resistors R1 through R4 should be well matched 
in order to achieve maximum rejection of the voltage appearing 
across Z GA . Resistors matched to within one percent (including 
the effects of R W2 and R w3 ) will reduce ground interaction 
errors by a factor of 100. 



Figure 9. Use of Subtractor Amplifier to Preserve Accuracy 

POWER SUPPLY DECOUPLING 

The power supplies used with the AD390 should be well filtered 
and regulated. Local supply decoupling consisting of a 10|xF 
tantalum capacitor in parallel with 0.1 (iF ceramic is suggested. 
The decoupling capacitors should be connected between the 
AD390 supply pins and the load ground (ideally the AGND 
pin). If an output booster is used, its supplies should also be 
decoupled to the load ground. 
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OPERATION FROM ±12 VOLT SUPPLIES 

The AD390 may be used with ± 12 volt ± 5% power supplies if 
certain conditions are met. The most important limitation is the 
output swing available from the output op amps. These amplifiers 
are capable of swinging only as far as 3 volts from either supply. 
Thus, the normal ±10 volt output range cannot be used. Changing 
the output scale is accomplished by changing the reference 
voltage. With a supply of ±11.4 volts (5% less than ± 12V), the 
output range is restricted to a maximum ±8.4V swing. It may 
be useful to scale the output at ±8.192 volts (yielding a scale 
factor of 4 millivolts per LSB). The required 8.192V reference 
can be derived from a precision, low TC divider from the 
internal ■+■ 10.000V reference. The only restriction is that the 
total load resistance presented to the + 10.000V reference 
output must be at least lOkfl for - 55°C to + 125°C temperature 
range 12 volt applications. Figure 10 shows a suggested circuit 
to set up a ±8. 192V output range. Multiple AD390 units 
can share the same resistive divider-generated reference since 
the REF IN terminal is very high impedance. 



Figure 10. Connections for ±8. 192V Full Scale 
(Recommended for ± 12V Power Supplies ) 


IMPROVING FULL-SCALE STABILITY 

In large systems using multiple AD390s, it may be desirable 
for all devices to share a common reference. While it is possible 
to use the reference output for one device to provide a reference 
for all devices, use of an external precision reference can 
greatly improve system accuracy and temperature stability. 
The external reference should be at least + 5V and at most 
+ 11V to preserve DAC linearity. 

The AD2710 is a suitable reference source for such systems. 
It features a guaranteed maximum temperature coefficient of 
± lppm/°C, compared with the 10 to 20ppm/°C drift of the 
AD390 internal reference. The combination of the AD2710LN 
and AD390KD shown in Figure 1 1 will yield a multiple-DAC 
system with maximum full-scale drift of ± 6ppm/°C and 
excellent tracking. 


+ 15V +15V -15V 



+ 10.000V 

REF 

AD2710LN 


' N AD390KD 



AGND DGNO 


\Z IAZ7^ 


TO POWER 
GROUND 


OUTPUT CURRENT BOOSTING 

The output amplifiers used in the AD390 are capable of 
supplying a ± 10 volt swing into a resistive load of 2kfl or 
greater. Stability is guaranteed for load capacitance up to 
300pF. Larger load capacitance may cause severe overshoot 
and possible oscillation. The settling characteristic of the 
AD390 output amplifier is shown in Figure 12. 



a. All Bits OFF-to-ON 



b. All Bits ON-to-OFF 

Figure 12. AD390 Settling Characteristic 

In many applications, including automatic test equipment, 
the load presented to the AD390 may be less than 2kH or 
include large capacitance. In such cases, it is advisable to use 
a buffer amplifier capable of delivering rated output to the 
most severe load anticipated. The AD382, for example, can 
supply ± 10V into a 20011 load and the AD3554 is suitable 
for load resistances down to 100H- In applications where 
errors due to output boosting must be minimized, the composite 
amplifier shown in Figure 13 provides excellent dc stability 
as well as 100mA output drive capability. 



Figure 11. Low Drift AD390 Configuration 


Figure 13. Composite Amplifier for Increased Output Drive 
DIGITAL-TO-ANALOG CONVERTERS 2-19 










APPLICATIONS 

The functional density of the AD390 permits complex analog 
functions to be produced under digital control, where board 
space requirements would otherwise be prohibitive. Multiple-out- 
put plotters, multi-channel displays and complex waveform 
generation and multiple programmable voltage sources can all 
be implemented with the AD390 in a fraction of the space which 
would be needed if separate DACs were used. 

PROGRAMMABLE WINDOW COMPARATOR 

The AD390 can be used to perform limit testing of responses to 
digitally-controlled input signals. For example, two DACs may 
be used to generate software-controlled test conditions for a 
component or circuit. The response to these input conditions 
can either be completely converted from analog to digital or 
simply tested against high and low limits generated by the two 
remaining DACs in the AD390. 

In the circuit of Figure 14 two AD3 11 voltage comparators are 
used with an AD390 to test the output of a 5 volt power supply 
regulator. The AD390 Vquti output (through an appropriate 
current booster) drives the input to the regulator to simulate 
variations in input voltage. The output of the regulator is applied 
to comparators 1 and 2, with their outputs wire-ORed with 
LED indicators as shown. The test limits for each comparator 
are programmed by the AD390 Vout 2 and Vout 3 outputs. 

When the output of the device under test is within the limits, 
both comparators are off and D1 lights. If the output is above 
or below the limits, either D4 or D5 lights. 


+ 15V -15V 



Figure 14. Programmable Window Comparator Used In 
Po wer Supply Testing 


USING THE AD390 FOR ANALOG-TO-DIGITAL CON- 
VERSION 

Many systems require both analog output and analog input 
capability. While complete integrated circuit analog- to-digital 
converters (such as the AD574A) are readily available, the AD390 
can be used as the precision analog section of an ADC if some 
external logic is available. Several types of analog-to-digital 
converters can be built with a DAC, comparator, and control 
logic, including staircase, tracking, and successive-approximation 
types. In systems which include a microprocessor, only a com- 
parator must be added to the AD390 to accomplish the ADC 
function since the processor can perform the required digital 
operations under software control. A suitable circuit is shown in 
Figure 15. The AD311 comparator compares the unknown 
input voltage to one of the AD390 outputs for the analog-to-digital 
conversion, while the other three outputs are used as normal 
DACs. The diode clamp shown limits the voltage swing at the 
comparator input and improves conversion speed. With careful 
layout, a new comparison can be performed in less than 10 
microseconds, resulting in 12 -bit successive approximation con- 
version in under 120 microseconds. The benefit of the AD390 
in this application is that one ADC and three DACs can be 
implemented with only two IC packages (the AD390 and the com- 
parator). 


ANALOG 

INPUT 

-10V TO +10V 



Figure 15. Using One AD390 Output for A/D Conversion 
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ANALOG 

DEVICES 


Complete Quad 12-Bit 
D/A Converter with Readback 



FEATURES 

Data Readback Capability 

Four Complete, Voltage Output, 12-Bit DACs in One 
32-Pin Hermetic Package 
Fast Bus Access: 40ns max, T min -T max 
Asynchronous Reset to Zero Volts 
Minimum of Two TTL Load Drive (Readback Mode) 
Double-Buffered Data Latches 
Monotonicity Guaranteed T min -T m ax 
Linearity Error ±1/2LSB 

Low Digital-to-Analog Feedthrough, 2nVsec typ 
Factory Trimmed Gain and Offset 
Low Cost 


PRODUCT DESCRIPTION 

The AD392 is a quad 12-bit, high speed, voltage output digital-to- 
analog converter with readback in a 32-pin hermetically sealed 
package. The design is based on a custom IC interface to complete 
12-bit DAC chips which reduces chip count and provides high 
reliability. The AD392 is ideal for systems requiring digital 
control of many analog voltages and for the monitoring of these 
analog voltages especially where board space is a premium. Such 
applications include ATE, robotics, process controllers and 
precision filters. 

Featuring maximum access time of 40ns, the AD392 is capable 
of interfacing to the fastest of microprocessors. The readback 
capability provides a diagnostic check between the data sent 
from the microprocessor and the actual data received and trans- 
ferred to the DAC. When RESET is low, all four DACs are 
simultaneously set to (bipolar) zero providing a known starting 
point. 

The AD392 is laser-trimmed to ± 1/2LSB integral linearity and 
± 1LSB max differential linearity at +25°C. Monotonicity is 
guaranteed over the full operating temperature range. The high 
initial accuracy and stability over temperature are made possible 
by the use of precision thin-film resistors. 

The individual DAC registers are accessed by the address lines 
AO and A1 and control lines CS and 2ND UP. These control 
signals permit the registers of the four DACs to be loaded 
sequentially and the outputs to be simultaneously updated. 

The AD392 outputs are calibrated for a ± 10V output range 
with positive true offset binary input coding. 

The AD392 is packaged in a 32-lead metal platform DIP and is 
hermetically sealed. The AD392 is specified for operation over 
the 0 to + 70°C temperature range. 



PRODUCT HIGHLIGHTS 

1 . The AD392 is packaged in a 32-pin DIP and is a complete 
solution to space constraint multiple DAC applications. 

2. Readback capability provides system monitor of DAC output 
useful in ATE, robotics or any closed-loop system. 

3. Fast bus access time of 40ns maximum allows for fast system 
updating compatible with high speed microprocessing. 

4. Simultaneous reset to zero volts output is extremely useful 
for system calibration or simply when all DAC outputs must 
initially start at zero volts. 

5 . Readback drive capability of two TTL loads virtually eliminates 
the need to buffer. 

6. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 

7. Monolithic DAC chips provide excellent linearity and guaran- 
teed monotonicity over the full operating temperature range. 

8. Low digital-to-analog feedthrough (2nV*sec typ) is maintained 
to assure DAC accuracy. 
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SPECIFICATIONS ««. 

+ 15V, Vee = 

-15V, V DD 

= +5V.T, 

+25°C, unless otherwise specified) 

Parameter 

Min 

AD392 

Typ 

Max 

Units 

Comments 

DATA INPUTS (Pins 1-13, 16-18, 30-32) 






TTL Compatible 






Input Voltage 






Bit ON (Logic “1”) 

+ 2.0 


+ Vdd 

V 

V DD = 5.25V 

Bit OFF (Logic “0”) 

DGND 


+ 0.8 

V 

V DD = 4.75V 

Input Current 






+ 25°C 

-2 


+ 2 

pA 

Vin = V DD orGND 

T min I® T jugx 

-20 


+ 20 

pA 

Vin = V DD orGND 

RESOLUTION 



12 

Bits 


OUTPUT 






Bidirectional Outputs (Pins 2-13) 






Voltage Output Low (Iol = + 4.0mA) 

0 


+ 0.4 

V 


Voltage Output High (Iqh = -4.0mA) 

+ 2.4 


Vdd 

V 


Tristate Output Leakage 






T min Tjnax 

-20 


+ 20 

pA 

See Note 1 

DAC Output Voltage Range 


±10 


V 


Current Range 

-5 


+ 5 

mA 


Short Circuit Current 



+ 40 

mA 


STATIC ACCURACY 






Gain Error 

-0.1 

±0.05 

+ 0.1 

%ofFSR 


Offset 

-0.05 

±0.025 

+ 0.05 

%ofFSR 


Bipolar Zero 


±0.025 


%ofFSR 


Integral Linearity Error 

-0.5 

±0.25 

+ 0.5 

LSB 


Differential Linearity Error 

-1 

±0.5 

+ 1 

LSB 


TEMPERATURE PERFORMANCE 






Gain Drift 

-25 

±20 

+ 25 

ppm FSR/°C 


Offset Drift 

-25 

±20 

+ 25 

ppm FSR/°C 


Integral Linearity Error 






Ttnin tO Tjjoax 

-1 


+ 1 

LSB 


Differential Linearity Error 

- Monotonicity Guaranteed Over Full Temperature Range- 

AC ANALOG PERFORMANCE 






Settling Time (to ± 1/2LSB) 






Change All Register Inputs 






From + 5 V to 0V/0V to + 5 V 



4 

ps 

See Note 2 

For LSB Change 


1 

2 

ps 


Slew 


10 


V/ps 


Digital-to- Analog Glitch Impulse 


2 


nV*sec 

See Note 3 

Crosstalk 


0.1 


LSB 

See Note 4 

POWER REQUIREMENTS 






+ Vcc> - Vee 

±13.5 


±16.5 

V 


+ Vdd 

+ 4.5 


+ 5.5 

V 


Current (All Digital Inputs DGND or 






+ V DD ONLY, No Load) 






lex: 


26 

44 

mA 


Iee 


62 

82 

mA 


Idd 


7.2 

13 

mA 


Power Dissipation 


1356 

1955 

mW 

See Note 5 

POWER SUPPLY GAIN SENSITIVITY 






+ Vcc,Vdd> —V E e 



0.002 

%FS/%V s 

See Note 6 

TEMPERATURE RANGE 






Operating (Full Specifications) 

0 


+ 70 

°C 


Storage 

-65 


+ 150 

°c 



NOTES 

‘Vour = V DD or DGND. 

2 Referenced to trailing rising edge of WR. 

3 Digital-to-Analog Glitch Impulse: This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the 
inputs change state. Specified as the area of the glitch in nV-secs. 

4 Crosstalk is defined as the change in any one output as a result of any other output being driven from - 10V to + 10V into a 2kft load. 

5 0jc approximately 10°C/W. 

6 + Vcc> +V D dj — Vee are ±10%. 

Specifications subject to change without notice. 


2-22 DIGITAL-TO-ANALOG CONVERTERS 



AD392 


ABSOLUTE MAXIMUM RATINGS* 


+ Vcc to AGND (Any DAC) 0 to + 18V 

-Vee to AGND (Any DAC) 0 to - 18V 

+ Vdd to DGND —0.3V to +7V 

Digital Inputs to DGND 

(Pins 1-13, 16-18, 30-32) -0.3V to +7V 

Analog Outputs (Pins 20, 22, 26, 28) 

Short Circuit Duration Indefinite 

( + V CC j “Vee or AGND) 

Storage Temperature -65°C to + 150°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stess rating only and functional 
operation at or above this specification is not implied. Exposure to above 
maximum rating conditions for extended periods may affect device reliability. 


PIN CONFIGURATION 


A° [T 

W 

• 

77] A1 

LSB DBO QT 


77] cs 

dbi Q” 


IT) RESET 

DB2 [T 


~29] AGND4 

DB3 [T 


28] V 0 UT4 

DB4 Dl 


17] AGND3 

085 Cl 



086 E 

AD392 

TOP VIEW 

25~| -V EE 

087 Gl 

(Not to Scale) 

24] + Vcc 

DB8 [TcT 


17] AGND2 

DB9 [7T 


22] V 0 uT2 

dbio [nT 


TT| AGND1 

MSB DB11 fl3~ 


lo] Voun 

+ V DD 1 14 


~19~] CASE 

DGNpflT 


~T8~| 2 nd UP 

WR QF 


77] "RD 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING GUIDE 



Temperature 


Linearity Error 

Package 

Model 

Range 

Gain Error 

T min“T m ax 

Option* 

AD392JV 

0 to + 70°C 

±4LSB 

± 1LSB 

DH-32A 


*See Section 14 for package outline information. 
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Theory of Operation 

The AD392 is a quad 12-bit digital-to-analog converter with 
readback capability. The analog portion of the AD392 includes 
four bipolar process digital-to-analog converters. Each DAC 
contains current steering switches and a resistor ladder network 
which is laser-wafer trimmed for 12-bit accuracy. A precision 
output amplifier for voltage out operation and an internal highly 
stable voltage reference are all integrated on a single chip. The 
DAC is fixed to run in bipolar, 20V span analog output mode as 
shown in Table I. 


Data Input 


mi 

mi 

1100 

0000 

1000 

0000 

1000 

0000 

0111 

nil 

0100 

0000 

0000 

0000 



Analog Output 

nil 

+ 1*( v refin) 

0000 

+ 1*(Vrefin) 

0001 

+ 1*(Vrefin) 

0000 

+ 1*(VrefIN ) 

nil 

- WVrefin) 

0000 

-WVrefin) 

0000 

-1*(VrefIN> 


Analog Output Voltage 



+ 9.995 IV 

+ Full Scale -1LSB 

+ 5.000V 

+ 1/2 Scale 

+ 4.88mV 

+ 1LSB 

+ O.OOOV 

Zero 

— 4.88mV 

- 1LSB 



-5.000V -1/2 Scale 



- 10.000V 


-Full Scale 


Table I. AD392 Bipolar Code Table. 

The digital portion of the AD392 includes the readback function, 
control logic and registers all integrated on a custom IC. Data 
can be latched into any one of the first rank registers by selecting 
the correct combination of address lines (AO and Al) and CS. 
The second rank registers are controlled by the 2ND UP control 
line. Use of the 2ND UP line enables the DACs to be updated 
simultaneously. The digital word can be readback from the 
second rank r egist ers by asserting the correct address lines, 

2ND UP and RD command. The RD and WR commands 
control the bidirectional I/O port. The AD392 features a RESET 
command for simultaneous update of all DACs to 0 volts out. 
This is useful for easy system calibration. 


+15V -15V CASE 



WR RD 2ND UP +5V DGND 

Figure 1. AD392 Block Diagram 


DATA AND CONTROL SIGNAL FORMAT 

The _double buffered registers of the AD392 are addressed by 
the CS, Al and AO lines. Each rank of registers is 12 bits wide 
and is presented in a straight offset binary notation. The first 
rank of registers are loaded s eque ntially, with valid CS, Al, AO 
on the trailing rising edge of WR. The second rank of registers, 
on the other hand, are loaded simultaneously with the data 
which is in their corresponding first rank registers, with a valid 
CS and positive pulse of the 2ND UP command. (Note: All 
second rank registers can be made transparent by tieing the 
2ND UP line to a Logic “1”.) The data loaded into the second 
rank registers represents the actual digital code which is on the 
input of the individual DACs. This data can be read back through 
the data port, with valid CS, Al and AO, by taking the RD line 
to a Logic “0”. The AD392 also features an asyncronous reset 
to z ero volts for all four DACs by applying a negative pulse to 
the RESET line. Executing a reset replaces the contents of both 
ranks of registers with the bipolar zero code (MSB equals Logic 
“1”, all other bits equal Logic “0”.) 


CS 

Al 

A0 

WR 

RD 

RESET 

2ND Up 

Output 

1 

X 

X 

X 

X 

1 

X 

Chip Read/Write Disable 

X 

X 

X 

X 

X 

0 

X 

MSBsGoto 1, All 

Others Go to 0 

0 

X 

X 

X 

X 

1 

1 

All 2ND Rank 

Latches T ransparent 

0 

X 

X 

X 

X 

1 

0 

All 2ND Rank 

Latches Latched 

0 

0 

0 

1 

0 

1 

X 

Read Back DAC 1 

2ND Rank 

0 

0 

0 

1_r 

1 

1 

X 

Write to 1ST Rank 

DAC1 

0 

0 

1 

i 

0 

1 

X 

Read Back DAC2 

2ND Rank 

0 

0 

1 

i_f 

1 

1 

X 

Write to 1 ST Rank 

DAC2 

0 

1 

0 

1 

0 

1 

X 

Read Back DAC3 

2ND Rank 

0 

1 

0 

i_r 

1 

1 

X 

Write to 1ST Rank 

DAC3 

0 

1 

1 

l 

0 

1 

X 

Read Back DAC4 

2ND Rank 

0 

1 

1 

i_r 

1 

1 

X 

Write to 1 ST Rank 

PAC4 


Symbols: X = Don’t Care 
1 = Logic High 
0 = Logic Low 

1 T = Positive Trailing Edge Triggered 


Table II. AD392 Truth Table 
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TIMING 

The timing diagrams (Figures 2 and 3) illustrate the precise 
relationship between control signals, address signals and the 
data. The address lines (CS, Al, AO) as well as t he data (D0-D11) 
must be valid a minimum of 15ns before a WR is executed, and 
the data must remain valid a minimum of 15ns af ter th e WR 
has been exe cuted. Minimum pulse width for the WR, 2ND UP 
and RESET commands is 15ns. Similarly, the address lines (CS, 
Al , AO) must be valid a minimum of 1 5ns before a RD is executed. 
Data will be valid a maximum of 40ns after RD goes low. (Note: 
This is a MAXIMUM and, therefore, data should be off the bus 
just before RD goes low to avoid bus contention problems, i.e., 
damage to the device, data bus oscillations which may result in 
latching erroneous data in the reg isters.) Data will be off the 
bus a maximum of 30ns after RD goes high. (Note: This is a 
MAXIMU M an d, therefore, the data read should be completed 
just before RD goes high to avoid reading erroneous data.) 

DA C se ttling time is measured from the trailing rising edge of 
the WR signal. 



Figure 2. AD392 Write/Read Cycle Timing Diagram 


3 


♦j t B A ON f-»- H^j t BA OFFf«»- t B A ON |— 

TRISTATE % DATA VALID \ TRISTATE ~~y RESET CODE ) ( 


K'-sH 


Figure 3. AD392 Read Cycle Timing Diagram 


Symbol 

Parameter 

Min 

Max 

Unit 

tDS 

Device Select 

15 


ns 

tw 

Write/Update/Reset Pulse Width 

15 


ns 

tsu 

Data Setup Time 

15 


ns 

tHD 

Data Hold Time 

15 


ns 

*RS 

Reset Valid for Read 


35 

ns 

tVR 

Read Valid After Write 

30 


ns 

tDDS 

Device De-Select (from Read Data to Tristate 


40 

ns 

tBA On 

Bus Access On Time 


40 

ns 

tBA Off 

Bus Access Off Time 


30 

ns 

t2Ll 

Minimum Latch Delay after Write/ 

10 


ns 

t 2 L2 

Minimum Latch Delay after Next Write/ 

5 


ns 

t 2 TR 

2ND Rank Transparent for Valid Read 

25 


ns 

t2TD 

2ND Rank Transparent to DAC Port Outputs 


40 

ns 

tR„ tF 

Data Rise, Fall Times 

0 

5 

ns 


NOTES 

Timing between pulses measured at 50% points. 

Bus access on time measured from 50% point of read going low to active high (2.4) 
or active low (0.4) (see Figures 4 and 5). 

Bus access off time measured from 50% point of read going high to point at which voltage 
trails away from active high or low under standard tristate load conditions (see Figure 6). 

Table III. AC Charactertics: V DD = 5.0V ± 10%; 
0<T a < + 70°C; V, N = V DD orDGND 



10 20 30 40 60 


ns 

Figure 4. Typical Bus Access Off Time (t B A Off) 



Figure 5. Typical Bus Access On Time (t B A On) 



(HP6216A 

VOLTAGE SUPPLY) 


R1 = 1.35kil ±1%, 1/4W 
R2 = 1.25kii ±1%, 1/4W 
Cl = lOOpF, FOR t BA ON 
= 15pF, FOR t BA OFF 


ALL DIODES 1N916 
OR EQUIVALENT 


Figure 6. Standard Tristate Load Circuit 
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SETTLING TIME 

The output amplifiers used in the AD392 are capable of supplying 
a ± 10 volt swing into a resistive load of 2kfl or greater. The 
settling characteristics of the output amplifier is shown in 
Figure 7. The test setup used to determine settling time is shown 
in Figure 8. 

POWER SUPPLY DECOUPLING 

The power supplies used with the AD392 should be well filtered 
and regulated. Internally the + V C c and — V E e supplies are 
independently decoupled about each DAC with 0.039|xF chip 
capacitors to their corresponding AGND. Therefore, if the 
grounding scheme of Figure 9 is used, it should be sufficient to 
place a 4.7fjiF tantalum electrolytic capacitor across the +V C c 
and - V E e supplies. Decoupling the + V DD supply to DGND 
should be done in the same manner, however, using a parallel 
combination of 0.047p.F ceramic and a 4.7pF tantalum electrolytic 
capacitor. 



Figure 7. AD392 V Q Settling 20V Step 


HP8012B 



Figure 8. AD392 V 0 Settling Time Circuit 
GROUNDING RULES 

The AD392 has been designed with four independent DAC 
analog grounds and a separate digital ground return pin. The 
analog ground pins are not only the reference points for the 
individual voltage outputs, they also serve as the return path for 
the switched DAC bit input currents. These rapidly switching 
currents may be as large as several milliamps for each DAC 
and, therefore, should be returned to a low impedance node to 
avoid code dependent linearity errors, digital-to-analog feed- 
through and crosstalk between DAC outputs. It is recommended 
that all four DAC analog grounds and the digital ground be tied 
together at the package for optimal performance. + Vcc and 
— Vee grounds can be tied together back at the system supply 
and brought up to the AD392 together, whereas the + Vdd 
ground is tied to the other grounds at the package and not back 
at the system supply. This configuration is recommended because 


the DAC bit input currents are sourced from the + V D d supply 
and should return by the shortest possible path and not down 
the analog return (see Figure 9 for details.). 



CIRCUIT DETAILS 

The following two suggestions are intended to aid the user in 

the normal operation of the AD392: 

1. Bus Termination : The bidirectional tristateable port of the 
AD392 (as well as the digital inputs) should not be allowed 
to “float”. These functions are provided by a custom CMOS 
integrated circuit having an input control circuit which is 
essentially the common gate contact of a pair of P and N 
channel MOS devices connected in series between the + V DD 
and DGND supply lines. An unterminated bus allows the 
gate potential to float to a point where both channels are 
partially “on” creating an ohmic path across the supply. 
Therefore, to avoid excessive supply current drain and possible 
reflections of the digital signal the bus should be terminated 
in its characteristic impedance to DGND. 

2. Digital Signal Integrity and the RESET line : The AD392 
has been designed to respond to extremely fast data rates and 
as a result must operate with a “clean” bus to ensure that 
valid data is being transmitted (i.e., transients on the bus 
that cross thresholds with sufficient durati on, 5 ns-10ns, may 
cau se data t o become invalid just before a WR command). If 
the RESET line is not connected to this “clean” bus (i.e., 
connected to some sort of power on reset circuitry), then it is 
recommended that this line be decoupled with a minimum of 
lOOOpf capacitor to avoid an unwanted asynchronous zero 
volt reset on all four DACs. If this signal is not used, it 
should be tied to + Vde> at the package. 
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ANALOG 

DEVICES 


IulP- Compatible Multiplying 
Quad 12-Bit D/A Converters 


AD394/AD395 


FEATURES 

Four Complete 12-Bit CMOS DACs with Buffer 
Registers 

Linearity Error ±1/2LSB T min -T max (AD394, AD395K,T) 
Factory-Trimmed Gain and Offset 
Precision Output Amplifiers for Vqut 
Full Four Quadrant Multiplication per DAC 
Monotonicity Guaranteed Over Full Temperature 
Range 

Fast Settling: 15ps Max to ±1/2LSB 

Available to MIL-STD-883 (See ADI Military Catalog) 


PRODUCT DESCRIPTION 

The AD394 and AD395 contain four 12-bit, high-speed, low 
power, voltage output multiplying digital-to-analog converters in 
a compact 28-pin hybrid package. The design is based on a 
proprietary latched 12-bit CMOS DAC chip which reduces chip 
count and provides high reliability. The AD394 and AD395 
both are ideal for systems requiring digital control of many 
analog voltages where board space is at a premium and low 
power consumption a necessity. Such applications include auto- 
matic test equipment, process controllers, and vector stroke 
displays. 

Both the AD394 and the AD395 are laser-trimmed to ± 1/2LSB 
max differential and integral linearity (AD394, AD395K,T) and 
full scale accuracy of ±0.05 percent at 25°C. The high initial 
accuracy is made possible by the use of precision laser trimmed 
thin-film scaling resistors. 

The individual DAC registers are accessed by the CS1 through 
CS4 control pins. These control signals allow any combination 
of the DAC select matrix to occur (see Table III). Once selected, 
the DAC is loaded with a single 12-bit wide word. The 12-bit 
parallel digital input interfaces to most 12- and 16-bit bus 
systems. 

The AD394 outputs (Vrefin- + 10V) provide a ± 10V bipolar 
output range with positive-true offset binary input coding. The 
AD395 outputs (Vrefin = ~ 10V) provide a 0V to + 10V unipolar 
output range with straight binary input coding. 

Both the AD394 and the AD395 are packaged in a 28-lead 
ceramic package and are available for operation over the 0 to 
+ 70°C and -55°C to 4 - 125°C temperature range. 


AD394/AD395 FUNCTIONAL BLOCK DIAGRAMS 


AD395 AD394 



PRODUCT HIGHLIGHTS 

1. The AD394, AD395 offer a dramatic reduction in printed 
circuit board space in systems using multiple DACs. 

2. The use of CMOS DACs provides low power consumption. 

3. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

4. The output voltage is trimmed to a full scale accuracy of 
±0.05%. Settling time to ± 1/2LSB is 15 microseconds 
maximum. 

5. Maximum gain TC of 5ppm/°C is achievable by both the 
AD394 and the AD395. 

6. The monolithic CMOS DAC chips provide excellent linearity 
and guaranteed monotonicity over the full operating tempera- 
ture range. 

7. The 28-pin double- width hybrid package provides extremely 
high functional density. 

8. Two or four quadrant multiplication can be achieved simply 
by applying the appropriate input voltage signal to the selected 
DAC’s reference (Vrefin)- 

9. Both the AD394S,TD and AD395S,TD feature guaranteed 
accuracy and linearity over the - 55°C to + 125°C temperature 
range. 
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SPECIFICATIONS 


(T a = +25°C, V REFIN = 10V, V s = ± 15V unless otherwise 




AD394JD/SD 1 



AD394KD/TD 1 



Model 


AD395JD/SD 



AD395KD/TD 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DATA INPUTS (Pins 1-16) 2 








TTL or 5 Volt CMOS Compatible 








Input Voltage 








Bit ON (Logic “1”) 

+ 2.4 


+ 5.5 

+ 2.4 


+ 5.5 

V 

Bit OFF (Logic “0”) 

0 


+ 0.8 

0 


+ 0.8 

v 

Input Current 


±4 

±40 


±4 

±40 

p.A 

RESOLUTION 

! .... ... 12 . J 

r ... ..... > 2 _J 

Bits 

OUTPUT 








Voltage Range 3 








AD394 


± Vrefin 



± Vrefin 


V 

AD395 


0V to - (Vrefin) 



0V to - (Vrefin) 


V 

Current 

5 



5 



mA 

STATIC ACCURACY 








Gain Error 


±0.05 

±0.1 


±0.025 

±0.05 

%ofFSR 4 

Offset 


±0.025 

±0.05 


±0.012 

±0.025 

%ofFSR 

Bipolar Zero (AD394) 


±0.025 



±0.012 


%ofFSR 

Integral Linearity Error 5 


±1/4 

±3/4 


±1/8 

±1/2 

LSB 

Differential Linearity Error 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

TEMPERATURE PERFORMANCE 








Gain Drift 



±10 



±5 

ppm FSR/°C 

Offset Drift 



±10 



±5 

ppm FSR/°C 

Integral Linearity Error 5 








TmintoT^ 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Differential Linearity Error 

MONOTONICITY GUARANTEED O 

VER FULL TEMPERATURE RANGE 


REFERENCE INPUTS 








Input Resistance 

5 


25 

5 


25 

kft 

Voltage Range 

-11 


+ 11 

-11 


+ 11 

V 

DYNAMIC PERFORMANCE 








Settling Time (to ± 1/2LSB) 








Vrefin = + 10V, Change All Digital 








Inputs from + 5.0V toOV 


10 

15 


10 

15 

M'S 

Vrefin = 0 to 5 V Step, 








All Digital Inputs = 0V 


10 

15 


10 

15 

fJLS 

Reference Feedthrough Error 6 








AD395 


5 



5 


mV p-p 

AD394 


See Figure 1 



See Figure 1 



Digital-to-Analog Glitch Impulse 7 


250 



250 


nV*sec 

Crosstalk 








Digital Input (Static) 8 


0.1 



0.1 


LSB 

Reference 9 


2.0 



2.0 


mV p-p 

POWER REQUIREMENTS 








Supply Voltage 10 

±13.5 


±16.5 

±13.5 

±16.5 

V 

Current (All Digital Inputs 0V or + 5V) 








+ v s 


20 

22 


20 

22 

mA 

-V s 


18 

28 


18 

28 

mA 

Power Dissipation 


570 

750 


570 

750 

mW 

POWER SUPPLY GAIN SENSITIVITY 








+ V S 


0.002 

0.006 


0.002 

0.006 

%FS/% 

-V s 


0.0025 

0.006 


0.0025 

0.006 

%FS/% 

TEMPERATURE RANGE 








Operating (Full Specifications)], K 

0 


+ 70 

0 


+ 70 

°C 

S,T 

-55 


+ 125 

-55 


+ 125 

°c 

Storage 

-65 


+ 150 

-65 


+ 150 

°c 


NOTES 

1 AD394and AD395 S and T grades are available to MIL-STD-883, Method 5008, Class B. See Analog Devices Military Catalog (1987) for 
proper part number and detail specification. 

2 Timing specifications appear in Table IV and Figure 5. 

3 Code tables and graphs appear on Theory of Operation page . 

4 FSR means Full Scale Range and is equal to 20V for a ± 10V bipolar range and 10V for 0 to 10V unipolar range. 

integral nonlinearity is a measure of the maximum deviation from a straight line passing though the endpoints of the DAC transfer function. 

6 ForAD395 (unipolar), DAC register loaded with 0000 0000 0000, Vrhfin = 20V p-p, 10kHz sinewave. For AD394 (bipolar), V REF in = 20Vp-p,60and400Hz. 
7 This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the inputs change state. It is usually specified 

as the area of the glitch in nVs and is measured with Vrkfin = AGND. 

®Digital crosstalk is defined as the change in any one output’s steady state value as a result of any other output being driven from Voutmin to Voutmax 
into a 2kfl load by means of varying the digital input code. v 

’Reference crosstalk is defined as the change in any one output as a result of any other output being driven from Voutmin to Voutmax @ 10kHz 
into a 2kfl load by means of varying the amplitude of the reference signal. 

,0 TheAD394 and the AD395 can be used with supply voltages as low as ± 11.4V, Figure 10. 

Specifications subject to change without notice. 
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AD394/AD395 


ABSOLUTE MAXIMUM RATINGS* 


+ V s toDGND -0.3V to + 17V 

-V s to DGND + 0.3V to - 17V 

Digital Inputs (Pins 1-16) to DGND -0.3V to + 7V 

Vrefin t0 DGND ±25V 

AGND to DGND ±0.6V 


Analog Outputs (Pins 18, 21, 24, 27) 

Indefinite Short to AGND or DGND 

Momentary Short to ±Vs 

*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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Figure 1. AD394 Feedthrough V REFtN = 60Hz (top photo) and 
400Hz (bottom photo) Sinewave. Digital code is set at 1000 
0000000. 

SCALE: Reference Input 5V/DIV (Thin Trace) 

Feedthrough Output 5mV D/V 
TIME: Top Photo 5ms DIV 

Bottom Photo 500ps DIV 


MIL-STD-883 

The rigors of the military/aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD394, AD395, with the inherent 
reliability of integrated circuit construction, were designed with 
these applications in mind. The hermetically-sealed, low profile 
DIP package takes up a fraction of the space required by equivalent 
modular designs and protect the chips from hazardous environ- 
ments. To further insure reliability, the AD394, AD395 are 
both fully compliant to MIL-STD-883 Class B, Method 5008. 

Consult Analog Devices Military Catalog for proper ordering 
part number and detail specification. 

PIN CONFIGURATION 



ORDERING GUIDE 


Model 

Temperature 

Range 

Gain Error 

Linearity Error 
Tmin-T max 

Package 

Option* 

AD394JD 

0 to + 70°C 

±4LSB 

± 3/4LSB 

DH-28A 

AD395JD 

0 to + 70°C 

±4LSB 

± 3/4LSB 

DH-28A 

AD394KD 

0 to + 70°C 

± 2LSB 

± 1/2LSB 

DH-28A 

AD395KD 

Oto -f 70°C 

±2LSB 

± 1/2LSB 

DH-28A 

AD394SD 

— 55°Cto + 125°C 

±4LSB 

± 3/4LSB 

DH-28A 

AD395SD 

- 55°Cto + 125°C 

±4LSB 

± 3/4LSB 

DH-28A 

AD394TD 

- 55°Cto + 125°C 

±2LSB 

± 1/2LSB 

DH-28A 

AD395TD 

- 55°Cto + 125°C 

±2LSB 

± 1/2LSB 

DH-28A 


*See Section 14 for package outline information. 
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Theory of Operation 

The AD394 quad DAC provides four-quadrant multiplication. 

It is a hybrid IC comprised of four monolithic 12-bit CMOS 
multiplying DACs and eight precision output amplifiers. Each 
of the four independent-buffered channels has an independent 
reference input capable of accepting a separate dc or an ac signal 
for multiplying or for function generation applications. The 
CMOS DACs act as digitally programmable attenuators when 
used with a varying input signal or, if used with a fixed dc 
reference, the DAC would act as a standard bipolar output 
DAC. In addition, each DAC has a 12-bit wide data latch to 
buffer the converter when connected to a microprocessor data 
bus. 

The AD395 quad DAC provides two-quadrant multiplication 
and is comprised of four 12-bit CMOS multiplying DACs and 
four precision output amplifiers. The two-quadrant-multiplication 
function arises from a straight-binary digital input multiplied by 



Figure 2. AD394 as a Four-Quadrant Multiplier of Reference 
Input and Digital Input 
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Table I. AD394 Bipolar Code Table 


a bipolar analog input which results in two-quadrant multiplica- 
tion. The AD395 can also operate as a standard unipolar DAC 
when a fixed dc reference is applied to Vrefin- 

MULTIPLYING MODE 

The figures below show the transfer function for each model. 
The diagrams indicate an area over which many different com- 
binations of the reference input and digital input can result in a 
particular analog output voltage. The highlighted transfer line in 
each diagram indicates the transfer function if a fixed reference 
is at the input. The digital codes above each diagram indicate 
the mid and endpoints of each function. The relationship between 
the reference input (Vrefin) the digital input code and the 
analog output is given in Tables I and II below. Note that the 
reference input signal sets the slope of the transfer function (and 
determines the full scale output at code 111 . . Ill) while the 
digital input selects the horizontal position in each diagram. 



Figure 3. AD395 as a Two-Quadrant Multiplier of Reference 
Input and Digital Input 
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Table II. AD395 Unipolar Code Table 
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Digital Circuit Details - AD394/AD395 


DATA AND CONTROL SIGNAL FORMAT 

The AD394 and AD395 ac cept 12-bit parallel data in response 
to control signals CS1-CS4. As detailed in Table III, the four 
chip select lines are used to address the DAC register of interest. 
It is per miss i ble t o have more than one chip select active at any 
time. If CS1-CS4 are all brought low coincident, all four DAC 
outputs will be updated to the value located on the data bus. All 
control inputs are level-triggered and may be hard-wired low to 
render any register (or group of registers) transparent. 


CS1 


CS3 

CS4 


CS2 

Operation 

1 

1 

1 

1 

All DACs Latched 

0 

1 

1 

1 

Load DAC 1 From Data Bus 

1 

0 

1 

1 

Load DAC 2 From Data Bus 

1 

1 

0 

1 

Load DAC 3 From Data Bus 

1 

1 

1 

0 

Load DAC 4 From Data Bus 

0 

0 

0 

0 

All DACs Simultaneously Loaded 



Table III. DAC Select Matrix 



TIMING 

The AD3 94, AD395 control signal timing is very straightforward. 
CS1-CS4 must maintain a minimum pulsewidth of at least 380ns 
for a desired operation to occur. When loading data from a bus 
into a 12-bit wide data latch, the data must be stable for at least 
210ns before returning CS to a high state. When the CS is low, 
the data latch is transparent allowing the data at the input to 
propagate through to the DAC. Data can change immediately 
after the chip select returns high. DAC settling time is measured 
from the falling edge of the active chip select. 


Symbol 

Parameter 

Tmin lO T max 

Units 

tcs 

Chip Select Pulse Width 

380 

ns min 

*DA 

Data Access Time 

0 

ns min 

*DS 

Data Set-Up Time 

210 

ns min 

tDH 

Data Hold Time 

10 

ns min 


Table IV. AD394, AD395 Timing Specifications 


CHIP 

SELECT 


DATA IIM 
(B1 - B12)_ 


4 tcs 

\ .yj 


Y 

kz 



r 


! X 

[ DATA VALID j 


+ 5V 
0 

+ 5V 
0 



TR = TF = 20ns. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% to 90% of V DD ( + 5V TYP) 
TIMING MEASUREMENT REFERENCE LEVEL IS <V, H + V IL )/2 


MODE SELECTION 

WRITE MODE HOLD MODE 

CS LOW, DAC RESPONDS TO CS HIGH. DATA BUS (dbO-dbl 1 ) IS 

DATA BUS IdbO-dbl 1 ) INPUTS LOCKED OUT; DAJCHOLDS LAST DATA 

PRESENT WHEN CS ASSUMED 
HIGH STATE. 


Figure 5. Timing Diagram 



Figure 6. AD395 (Unipolar) Functional Block Diagram 
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Analog Circuit Details 

GROUNDING RULES 

The AD394 and AD395 include two ground connections in 
order to minimize system accuracy degradation arising from 
grounding errors. The two ground pins are designated DGND 
(pin 17) and AGND (pin 23). The DGND pin is the return for 
the supply currents of the AD394, AD395 and serves as the 
reference point for the digital input thresholds. Thus DGND 
should be connected to the same ground as the circuitry which 
drives the digital inputs. 

Pin 23, AGND, is the high-quality analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
associated with the AD394, AD395. It is recommended that any 
analog signal path carrying significant currents have its own 
return connection to pin 23 as shown in Figure 7. 



Figure 7. Recommended Ground Connections 

Several complications arise in practical systems, particularly if 
the load is referred to a remote ground. These complications 
include dc gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 
power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
DAC outputs are accurately developed between the output pin 
and pin 23 (AGND), delivering these signals to remote loads 



can be a problem. These problems are compounded if a current 
booster stage is used, or if multiple AD394, AD395 packages 
are used. Figure 8 illustrates the parasitic impedances which 
influence output accuracy. 

An output buffer configured as a subtractor as shown in Figure 
9 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances is eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by currents 
flowing through Zqa are eliminated by sensing the remote ground 
directly with R3. Resistors R1 through R4 should be well matched 
in order to achieve maximum rejection of the voltage appearing 
across Z G a- Resistors matched to within one percent (including 
the effects of R W2 and Rw 3 ) will reduce ground interaction 
errors by a factor of 100. 



Figure 9. Use of Subtractor Amplifier to Preserve 
Accuracy 

OPERATION FROM ±12 VOLT SUPPLIES 

The AD394, AD395 may be used with ± 12 volt ± 5% power 
supplies if certain conditions are met. The most important limi- 
tation is the output swing available from the output op amps. 
These amplifiers are capable of swinging only as far as 3 volts 
from either supply. Thus, the normal ± 10 volt output range 
cannot be used. Changing the output scale is accomplished by 
changing the reference voltage. With a supply of ±11.4 volts 
(5% less than ± 12V), the output range is restricted to a maximum 
± 8.4V swing. It may be useful to scale the output at ± 8.192 
volts (yielding a scale factor of 4 millivolts per LSB). 

Figure 10 shows a suggested circuit to set up a ±8. 192V output 
range. To help prevent poor gain drift due to possible mismatch 
between Rin and Rthevenin of divider network it is recommended 
to buffer the potentiometer wiper voltage with an OP-07. 


+ 15V 



Figure 8. Grounding Errors in Multiple-AD394, AD395 Figure 10. Connections for ±8. 192V Full Scale 

Systems (Recommended for ± 12V Power Supplies ) 
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AD394/AD395 


POWER SUPPLY DECOUPLING 

The power supplies used with the AD394, AD395 should be 
well filtered and regulated. Local supply decoupling consisting 
of a IOjiF tantalum capacitor in parallel with 0.1 p,F ceramic is 
suggested. The decoupling capacitors should be connected between 
the AD394 supply pins and the AGND pin. If an output booster 
is used, its supplies should also be decoupled to the load 
ground. 

IMPROVING FULL-SCALE STABILITY 

In large systems using multiple DACs, it may be desirable 
for all devices to share a common reference. A precision 
reference can gready improve system accuracy and temperature 
stability. 

The AD2710 is a suitable reference source for such systems. 

It features a guaranteed maximum temperature coefficient of 
± lppm/°C. The combination of the AD2710LN and AD394, 
AD395 shown in Figure 1 1 will yield a multiple-DAC system 
with maximum full-scale drift of ± 6ppm/°C and excellent 
tracking. 


+ 15V 

1 


+ 15V 

1 

-15V 

1 


+ 10.000V 

REF 


AD2710LN 


IN 

AD394 

AD395 



AGND 

DGND 


XI I7XZ7\ 


OUTPUTS 


TO POWER 
GROUND 


Figure 1 1. Low Drift AD394, AD395 Configuration 


Applications 


INTERFACING THE AD394, AD395 TO 
MICROPROCESSORS 

The AD394, AD395 control logic provides simple interface to 
microprocessors. The individual latches allow for multi-DAC 
interfacing to a single data bus. 


16-BIT PROCESSORS 

The AD394, AD395 are 12-bit resolution DAC systems and are 
easily interfaced to 16-bit wide data buses. Several possible 
addressing configurations exist. 

In the circuit of Figure 12, a system write signal is used to 
control the decoded address lines and a 74LS139 decoder driven 
from the least significant address bits provides the active-low 
CS1 through CS4 signals. In the circuit of Figure 12, address 
lines AO and A1 each select a single DAC of the four contained 
in the AD394 or AD395. The use of a separate address line for 
each DAC allows several DACs to be accessed simultaneously. 
The address lines are gated by the simultaneous occurrence of a 
system WR and the appropriately decoded base address. 

In the addressing scheme shown, AO represents the least significant 
word address bit. Data may reside in either the 12MSBs (left-jus- 
tified) or the 12LSBs (right-justified). Left justification is useful 
when the data word represents a binary fraction of full scale, 
while right-justified data usually represents an integer value 
between 0 and 4095. 



ALL GATES. 1/4 74LS32 


Figure 12. AD394, AD395 16-Bit Bus Interface 

8-BIT PROCESSORS 

The circuit of Figure 13 shows the general principles for 
connecting the AD394 or the AD395 to an 8-bit data bus. 
The 74LS244 buffers the data bus; its outputs are enabled 
when the DAC address appears on the address bus. The first 
byte sent to the DAC is loaded to the 74LS373 octal latch 
and, when the second byte is sent to the DAC, it is combined 
with the first byte to create a 12-bit word. The conn ections 
shown are for right-hand justified data. CS and WR inputs 
to the DAC are also gated, and when active, the DAC is 
loaded. Pull-up resistors at the output of the 74LS244 buffer 
ensure that the inputs to the DAC do not float at an ill-defined 
level when the DAC is not being addressed. This method of 
connecting 12-bit DACs to an 8-bit data bus is most cost 
effective when multiple DACs are utilized for 8-bit data bus 
applications. 



GATE INPUTS SHOWN SHOULD BE TIED HIGH TO +5V 
THROUGH A lOkll RESISTOR. 


Figure 13. AD394, AD395 8-Bit Data Bus Interface 
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Applications 

The functional density of the AD394 and AD395 permits complex 
analog functions to be produced under digital control, where 
board space requirements would otherwise be prohibitive. Mul- 
tiple-output plotters, multi-channel displays and complex 
waveform generation and multiple programmable voltage sources 
can all be implemented with the AD394 or AD395 in a fraction 
of the space which would be needed if separate DACs were 
used. 

USING THE AD394 FOR ANALOG-TO-DIGITAL 
CONVERSION 

Many systems require both analog output and analog input 
capability. While complete integrated circuit analog-to-digital 
converters (such as the AD574A) are readily available, the AD394 
can be used as the precision analog section of an ADC if some 
external logic is available. Several types of analog-to-digital 
converters can be built with a DAC, comparator, and control 
logic, including staircase, tracking, and successive-approximation 
types. In systems which include a microprocessor, only a com- 
parator must be added to the AD394 to accomplish the ADC 
function since the processor can perform the required digital 
operations under software control. A suitable circuit is shown in 
Figure 14. The AD311 comparator compares the unknown 
input voltage to one of the AD394 outputs for the analog-to-digital 
conversion, while the other three outputs are used as normal 
DACs. The diode clamp shown limits the voltage swing at the 


ANALOG 

INPUT 

-10V TO +10V 



Figure 14. Using One AD394 Output for A/D Conversion 

comparator input and improves conversion speed. With careful 
layout, a new comparison can be performed in less than 15 
microseconds, resulting in 12-bit successive approximation con- 
version in under 180 microseconds. The benefit of the AD394 
in this application is that one ADC and three DACs can be 
implemented with only two IC packages (the AD394 and the 
comparator). 

PROGRAMMABLE WINDOW COMPARATOR 

The AD395 can be used to perform limit testing of responses to 
digitally-controlled input signals. For example, two DACs may 
be used to generate software-controlled test conditions for a 
component or circuit. The response to these input conditions 
can either be completely converted from analog to digital or 
simply tested against high and low limits generated by the two 
remaining DACs in the AD395. 



Figure 15. Programmable Window Comparator Used in 
Power-Supply Testing 

In the circuit of Figure 15, two AD311 voltage comparators are 
used within AD395 to test the output of a 5 volt power-supply 
regulator. The AD395 Vouti output (through an appropriate 
current booster) drives the input to the regulator to simulate 
variations in input voltage. The output of the regulator is applied 
to comparators 1 and 2, with their outputs wire-ORed with 
LED indicators as shown. The test limits for each comparator 
are programmed by the AD395 Votm and Vout 3 outputs. 

When the output of the device under test is within the limits, 
both comparators are off and D1 lights. If the output is above 
or below the limits, either D4 or D5 lights. 

AD395 AS A MULTIPLIER AND ATTENUATOR 

So far, it has been assumed that the reference voltage Vrefin is 
fixed. In fact, Vrefin can be any voltage within the range ( - 1 1 V 
< Vrefin < + 11V). It can be negative, positive, sinusoidal or 
whatever the user prefers. This leads to the name “Multiplying 
D/A Converters” because the output voltage, Vout> is proportional 
to the product of the digital input word and the voltage at the 
Vrefin terminal. 

Vqut = - 1 ' (Vrefin) ■ ^ (0<D<4095) 

D is the fractional binary value of the digital word applied to 
the converter. The AD395 multiplies the digital input value by 
the analog input voltage at Vrefin for any value of Vrefin op 
to 22V p-p. This in itself is a powerful tool. Any applications 
requiring precision multiplication with minimal zero offset and 
very low distortion should consider the AD395 as a candidate. 
One popular use for AD395 is as a audio frequency attenuator. 
The audio signal is applied to the Vrefin input and the attenuation 
code is applied to the DAC; the output voltage is the product of 
the two - an attenuated version of the input. The maximum 
attenuation range obtainable utilizing 12-bits is 4096:1 or 72db. 



DIGITAL FRACTION D 

(FROM ANALOG-TO-DIGITAL CONVERTER) 

Figure 16. AD395 as a Multiplier or Attenuator 
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□ ANALOG 
DEVICES 


(xP-Compatible Multiplying 
Quad 14-Bit D/A Converter 


AD396 


FEATURES 

Four, Pre-Trimmed, 14-Bit CMOS DACs 
Double Buffered for Simultaneous Update 
Precision Output Amplifiers for Voltage Out 
Full Four Quadrant Multiplication - Independently 
Pinned Out DAC Reference 

Monotonicity Guaranteed Over Full MIL Temp. Range 
Low Power - 780mW Max 
Small 28 Lead, Hermetic Double DIP Package 
MIL-STD-883 Processing Available 

PRODUCT DESCRIPTION 

The AD396 is a high-speed microprocessor compatible Quad 
14-bit digital-to-analog converter. The AD396 contains four 14- 
bit, low power multiplying digital-to-analog converters followed 
by precision voltage output amplifiers all in a compact 28-pin 
hybrid package. The design is based on a proprietary latched 
14-bit CMOS DAC chip which reduces chip count and provides 
high reliability. 

The AD396 (K, T) is laser-trimmed to ± 1LSB max differential 
and integral linearity, and to full-scale accuracy of ±0.05 percent 
at 25°C. The high initial accuracy is made possible by the use of 
precision laser trimmed thin-film scaling resistors. 

The individual DAC registers are accessed by the CS1 through 
CS4 control pins. These control signals allow any combination 
of the DAC select matrix to occur (see Table III). Once selected, 
the DAC is loaded with right- justified data in two bytes from an 
8-bit data bus. Standard Chip Select and Memory Write logic is 
used to access the DACs. Address lines AO, and Al, control 
internal register loading and transfer. 

The AD396 outputs (V REF = + 10V) provide a ± 10V bipolar 
output range with positive-true offset binary input coding. 

The AD396 is packaged in a 28-lead ceramic DIP package and 
is available for operation over the 0 to + 70°C and - 55°C to 
+ 125°C temperature range. 

The AD396 is for systems requiring digital control of many 
analog voltages where board space is at a premium and low 
power consumption a necessity. Such applications include auto- 
matic test equipment, process controllers, and vector stroke 
displays. / 

PRODUCT HIGHLIGHTS 

1 . The AD396 offers a dramatic reduction in printed circuit 
board space in systems using multiple DACs. 

2. The use of CMOS DACs provides low power consumption. 

3. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

4. The output voltage is trimmed to a full-scale accuracy of 
±0.05%. Settling time to ± 1/2LSB is 15 microseconds 
maximum. 

5. Maximum gain TC of 5ppm/°C is achievable by the AD396. 


AD396 FUNCTIONAL BLOCK DIAGRAM 



6. The monolithic CMOS DAC chips provide excellent linearity 
and guaranteed monotonicity over the full operating tem- 
perature range. 

7. The 28-pin double- width hybrid package provides extremely 
high functional density. 

8. Four quadrant multiplication can be achieved simply by 
applying the appropriate input voltage signal to the selected 
DACs reference (V REFIN ). 

9. The AD396S, T features guaranteed accuracy and linearity 
over the - 55°C to + 125°C temperature range. 

10. MIL-STD-883 processing is available. See Analog Devices 
Military Data Sheet for further information. 

1 1 . Protection against power supply surges is included within 
the AD396. 
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0* = + 25°C, Vrehn = 10V, V s = ± 15V unless otherwise specified) 


Model 





AD396KD/TD 1 







MIN 

TYP 

MAX 

UNITS 

DATA INPUTS (Pins 1-16) 2 








TTL or 5 Volt CMOS Compatible 


I 






Input Voltage 








Bit ON (Logic “1”) 

+ 2.4 

■ 

+ 5.5 

+ 2.4 


+ 5.5 

V 

Bit OFF (Logic “0”) 

0 

■ 

+ 0.8 

0 


+ 0.8 

V 

Input Current 


Hr. 

±40 


±4 

±40 

|aA 

RESOLUTION 



14 



14 

Bits 

OUTPUT 




■ 




Voltage Range 3 


± Vrefin 


■ 

± Vrefin 


V 

Current 

5 



hh 



mA 

STATIC ACCURACY 








Gain Error 

■ 

±0.05 

±0.1 


±0.025 

±0.05 

%ofFSR 4 

Offset 


±0.025 

±0.05 


±0.012 

±0.025 

%ofFSR 

Bipolar Zero 


±0.025 



±0.012 


%ofFSR 

Integral Linearity Error 5 


±1 

±2 


±1/2 

±1 

LSB 

Differential Linearity Error 

H"" - 

±1/2 

±1 


±1/2 

±1 

LSB 

TEMPERATURE PERFORMANCE 








Gain Drift 



±10 



±5 

ppm FSR/°C 

Offset Drift 

Integral Linearity Error 5 



±10 



±5 

ppm FSR/°C 

0 to + 70°C 


±1 

±2 


±1/2 

± i 

LSB 

-55°Cto + 125°C 


±2 

±4 


±1 

±2 

LSB 

Differential Linearity Error 



REFERENCE INPUTS 








Input Resistance 

5 


25 

5 


25 

kD 

Voltage Range 

-11 


+ 11 

-11 


+ 11 

V 

DYNAMIC PERFORMANCE 

■KB| 



mmmm 




Settling Time (to ± 1/2LSB) 








Vrefin = + 10V, Change All Digital 
Inputs from + 5 .0V to 0V 

Vrefin = 0to5V Step, 

■ 

10 

15 

■ 

10 

15 

|AS 

All Digital Inputs = 0V 


10 

15 


10 

15 

|XS 

Reference Feedthrough Error 6 


5 



5 


mV p-p 

Digital-to- Analog Glitch Impulse 7 
Crosstalk 

■ 

250 


■ 

250 


nV*sec 

Digital Input (Static) 8 


1/2 



1/2 


LSB 

Reference 9 


4.0 


■■ 

4.0 


mV p-p 

POWER REQUIREMENTS 








Supply Voltage 10 

Current (All Digital Inputs 0V or + 5 V) 

±13.5 


±16.5 



±16.5 

V 

+v s 


20 

22 



22 

mA 

-V s 


18 

28 



28 

mA 

Power Dissipation 

' 

570 

780 



780 

mW 

POWER SUPPLY GAIN SENSITIVITY 

■ 







+ V S 

■ 

0.002 



0.002 

0.006 

%FS/% 

-V s 






0.006 

%FS/% 

TEMPERATURE RANGE 








Operating (Full Specifications)}, K 




0 



°C 

S,T 




-55 


+ 125 

°c 

Storage 

EH 


■Hi 

-65 


+ 150 

°c 


NOTES 

1 AD396S and T grades are available to MIL-STD-883, Method 5008, Class B. 

2 Timing specifications appear in Table IV and Figure 3. 

3 Code tables and graphs appear on Theory of Operation page. 

4 FSR means Full Scale Range and is equal to 20V for a ± 10V bipolar range. 

5 Integral nonlinearity is a measure of the maximum deviation from a straight line passing though the endpoints of the DAC transfer function. 

6 For AD396 (bipolar), DAC register loaded with 00 0000 0000 0000, V REFIN = 20V p-p, 60 and 400Hz. 

7 This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the inputs change state. It is usually specified 
as the area of the glitch in nVs and is measured with V REFI n = AGND. 

8 Digital crosstalk is defined as the change in any one output’s steady state value as a result of any other output being driven from V 0 utmin to Voutmax 
into a 2kff load by means of varying the digital input code. 

’Reference crosstalk is defined as the change in any one output as a result of any other output being driven from Voutmin to Voutmax 10kHz 
into a 2kO load by means of varying the amplitude of the reference signal. 

10 The AD396 can be used with supply voltages as low as ± 1 1 .4V, Figure 7. 

Specifications subject to change without notice. 
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AD396 


ABSOLUTE MAXIMUM RATINGS* 


-l- V s to DGND -0.3V to + 17V 

-V s to DGND + 0.3V to - 17V 

Digital Inputs (Pins 1-16) to DGND -0.3V to +7V 

Vrefin to DGND ±25V 

AGND to DGND + 0.3V to + V S 


Analog Outputs (Pins 18, 21, 24, 27) 

Indefinite Short to AGND or DGND 

Momentary Short to ±Vs 

‘Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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PIN 

FUNCTION 

DESCRIPTION 

1 

DB7 

DATA BIT 7 

2 

DB6 

DATA BIT 6 

3 

DB5 

DATA BIT 5/DATA BIT 13 (DAC MSB) 

4 

DB4 

DATA BIT 5/DATA BIT 12 

5 

DB3 

DATA BIT 3/DATA BIT 11 

6 

DB2 

DATA BIT 2/DATA BIT 10 

7 

DB1 

DATA BIT 1/DATA BIT 9 

8 

DB0 

DATA BIT 0/DATA BIT 8 

9 

AI 

ADDRESS LINE 0 

10 

A0 

ADDRESS LINE 1 

11 

WR 

WRITE INPUT. ACTIVE LOW 

12 

NC 

NO CONNECTION 

13 

CS1 

CHIP SELECT DAC 1 . ACTIVE LOW 

14 

CS2 

CHIP SELECT DAC 2. ACTIVE LOW 

15 

CS3 

CHIP SELECT DAC 3. ACTIVE LOW 

16 

CS4 

CHIP SELECT DAC 4. ACTIVE LOW 

17 

DGND 

DIGITAL GROUND 

18 


DAC 4 VOLTAGE OUTPUT 

19 

V REF |r*, 

DAC 4 REFERENCE INPUT 

20 

-15V 

-15V SUPPLY INPUT 

21 

VoUT3 

DAC 3 VOLTAGE OUTPUT 

22 

V REFIN3 

DAC 3 REFERENCE INPUT 

23 

AGND 

ANALOG GROUND 

24 

Vqutz 

DAC 2 VOLTAGE OUTPUT 

25 

V REF | N 2 

DAC 2 REFERENCE INPUT 

26 

+ 15V 

+ 15V SUPPLY INPUT 

27 

Vouti 

DAC 1 VOLTAGE OUTPUT 

28 

v REFIN , 

DAC 1 REFERENCE INPUT 


MIL-STD-883 

The rigors of the military /aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD396 with the inherent reliability of 
intergrated circuit construction, was designed with these appli- 
cations in mind. The hermetically-sealed, low profile DIP package 
takes up a fraction of the space required by equivalent modular 
designs and protect the chips from hazardous environments. To 
further insure reliabilty, the AD396S,T/883B are fully compliant 
to MIL-STD-883 Class B, Method 5008. See Analog Devices 
Military Data Sheet for further information. 


ORDERING GUIDE 


1 

Model 

Temperature 

Range 

Gain Error 

Linearity Error 
T m i„-T max 

Package 

Option* 

AD396JD 

0 to 4- 70°C 

± 16LSB 

±2LSB 

DH-28A 

AD396KD 

0 to + 70°C 

± 8LSB 

± 1LSB 

DH-28A 

AD396SD 

- 55°Cto + 125°C 

± 16LSB 

±2LSB 

DH-28A 

AD396TD 

- 55°Cto + 125°C 

± 8LSB 

± 1LSB 

DH-28A 


‘See Section 14 for package outline information. 


DIGITAL-TO-ANALOG CONVERTERS 2-37 






Theory of Operation 


The AD396 quad DAC provides four-quadrant multiplication. 

It is a hybrid comprised of four monolithic 14-bit CMOS multi- 
plying DACs and eight precision output amplifiers. Each of the 
four independent-buffered channels has an independent reference 
input capable of accepting a separate dc or ac signal for multiplying 
or for function generation applications. The CMOS DACs act as 
digitally programmable attenuators when used with a varying 
input signal or, if used with a fixed dc reference, the DAC 
would act as a standard bipolar output DAC. In addition, each 
DAC has data latches to buffer the converter when connected to 
a microprocessor data bus. 

MULTIPLYING MODE 

Figure 1 shows the transfer function for the AD396. The diagram 
indicates an area over which many different combinations of the 
reference input and digital input can result in a particular analog 
output voltage. The highlighted transfer line in the diagram 
indicates the transfer function for a fixed reference at the input. 
The digital codes above the diagram indicates the mid and end- 
points of the function. The relationship between the reference 
input (V REFIN ), the digital input code, and the analog output is 
given in Table I below. Note that the reference input signal sets 
the slope of the transfer function (and determines the full-scale 
output at code 111.. Ill) while the digital input selects the hori- 
zontal position in each diagram. 



Figure 1. AD396 as a Four-Quadrant Multiplier of Reference 
Input and Digital Input 
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Table I. AD396 Bipolar Code Table 
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Digital Circuit Details - AD396 


DATA AND CONTROL SIGNAL FORMAT 

The AD396 accepts 14-bit data by loading two separate input 
registers off an 8-bit data bus, and then loading the internal 
DAC register. The LS (least significant) register is loaded with 
the bottom 8-bits of the 14-bit word by selecting the appropriate 
address lines (see Table II). The MS (most significant) register 
is lo aded with the top 6-bits in a similar manner. The CS and 
WR line must also be asserted to load the registers. The internal 
DAC register can then be loaded with the 14-bit data word. The 
appropriate DAC or DACs are selected by asserting CS1-CS4 
(see Table III). If CS1-CS4 are all brought low coincidentally, 
all four DAC outputs will be updated to the value located in the 
DAC register. When A^O and A o = 0 all DAC registers are 
transparent so by placing all Os or Is on the data inputs the user 
can load the DACs to zero or full scale in one write operation. 
This provides simple system calibration. 


WR 

C3 

A1 

A0 

Function 

X 

l 

X 

X 

Device not selected 

l 

X 

X 

X 

No data transfer 

0 

0 

0 

0 

DAC loaded directly from Data Bus 

0 

0 

0 

1 

MS Input Register loaded from Data Bus 

0 

0 

1 

0 

LS Input Register loaded from Data Bus 

0 

0 

1 

1 

DAC Register loaded from Input Registers. 


Table II. Truth Table 


CS1 

CS2 

CS3 

CS4 

Operation 

1 

1 

1 

1 

All DACs Latched 

0 

1 

1 

1 

Load DAC 1 From Data Register 

1 

0 

1 

1 

Load DAC 2 From Data Register 

1 

1 

0 

1 

Load DAC 3 From Data Register 

1 

1 

1 

0 

Load DAC 4 From Data Register 

0 

0 

0 

0 

All DACs Simultaneously Loaded 


Table III. DA C Select Matrix 


TIMING 

The AD396 timing is shown in Figure 3, and has a few restrictions 
as stated in Table IV. WR must maintain a minimum pulse 
width of 240ns for desired operation to occur. When loading 
data in from the data bus, data must be stable for at least 180ns 
before returning WR to a high stat e. The Data must be held 
constant for at least 30ns after WR goes high to assure latching 
of valid data. DAC settling time is measured from the falling 
edge of the WR command. 



1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF + 5V. t r = t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS — 1 


Figure 3. AD396 Timing Diagram 


(V cc = + 15V, V EE = - 15 V, V REF = + 10V) 


Parameter 

Limit at 

Ta = 25°C 

Limit at 

T A = 0to +70°C 

T a = - 25°C to +85°C 

Limit at 

T A = — 55°C to 4- 125°C 

Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

Address Valid to Write Setup Time 

t2 

0 

0 

0 

ns min 

Address Valid to Write Hold Time 

t3 

140 

70 

180 

ns min 

Data Setup Time 

U 

20 

20 

30 

ns min 

Data Hold Time 

t5 

0 

0 

0 

ns min 

Chip Select to Write Setup Time 

t 6 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

ty 

170 

200 

240 

ns min 

Write Pulse Width 


Table IV. Timing Characteristics 
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Analog Circuit Details 

GROUNDING RULES 

The AD396 includes two ground connections in order to minimize 
system accuracy degradation arising from grounding errors. The 
two ground pins are designated DGND (Pin 17) and AGND 
(Pin 23). The DGND pin is the return for the supply currents 
of the AD396 and serves as the reference point for the digital 
input thresholds. Thus DGND should be connected to the same 
ground as the circuitry which drives the digital inputs. 

Pin 23, AGND, is the high-quality analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
associated with the AD396. It is recommended that any analog 
signal path carrying significant currents have its own return 
connection to Pin 23 as shown in Figure 4. 



TO POWER 
GROUND 


Figure 4. Recommended Ground Connections 

Several complications arise in practical systems, particularly if 
the load is referred to a remote ground. These complications 
include dc gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 
power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
DAC outputs are accurately developed between the output pin 
and Pin 23 (AGND), delivering these signals to remote loads 
can be a problem. These problems are compounded if a current 
booster stage is used, or if multiple AD396 packages are used. 
Figure 5 illustrates the parasitic impedances which influence 
output accuracy. 



Figure 5. Grounding Errors in Multiple-AD396 Systems 


An ouput buffer configured as a subtractor as shown in Figure 
6 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances is eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by currents 
flowing through Z GA are eliminated by sensing the remote gound 
directly with R3. Resistors R1 through R4 should be well matched 
in order to achieve maximum rejection of the voltage appearing 
across Z GA . Resistors matched to within one percent (including 
the effects of R W2 and R W3 ) will reduce ground interaction 
errors by a factor of 100. 



Figure 6. Use of Subtractor Amplifier to Preserve Accuracy 

OPERATION FROM ±12V SUPPLIES 

The AD396 may be used with ± 12 volt ± 5% power supplies if 
certain conditions are met. The most important limitation is the 
output swing available from the output op amps. These amplifiers 
are capable of swinging only as far as 3 volts from either supply. 
Thus, the normal ±10 volt output range cannot be used. Changing 
the output scale is accomplished by changing the reference 
voltage. With a supply of ±11.4 volts (5% less than ± 12V), the 
output range is restricted to a maximum ± 8.4 swing. It may be 
useful to scale the output at ±8.192 volts (yielding a scale factor 
of 1 millivolt per LSB). 

Figure 7 shows a suggested circuit to set up a ±8. 192V output 
range. To help prevent poor gain drift due to possible mismatch 
between R IN and Rthevenin °f the divider network it is recom- 
mended to buffer the potentiometer wiper voltage with an 
OP-07. 


+ 15V 



GROUND 


Figure 7. Connections for ± 8. 192V Full Scale 
(Recommended for ± 12V Power Supplies) 
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Applications -AD396 


POWER SUPPLY DECOUPLING 

The power supplies used with the AD396 should be well filtered 
and regulated. Local supply decoupling consisting of a 10|xF 
tantalum capacitor in parallel with 0.1 fiF ceramic is suggested. 
The decoupling capacitors should be connected between the 
AD396 supply pins and the AGND pin. If an output booster is 
used, its supplies should also be decoupled to the load ground. 

IMPROVING FULL-SCALE STABILITY 

In large systems using multiple DACs, it may be desirable for 
all devices to share a common reference. A precision reference 
can gready improve system accuracy and temperature stability. 

The AD2710 is a suitable reference source for such systems. It 
features a guaranteed maximum temperature coefficient of 
± lppm/°C. The combination of the AD2710LN and AD396 
shown in Figure 8 will yield a multiple-DAC system with maximum 
full-scale drift of ± 6ppm/°C and excellent tracking. 


The circuit in Figure 9 demonstrates how the AD396 is used to 
set up four different voltage thresholds (1 threshold per DAC). 



+ 15V + 15V -15V 



+ 10.000V 



AD2710LN 

,N AD396 

OUTPUTS 








AGND DGND 



XI xxzx\ 


TO POWER 
GROUND 

Figure 8. Low Drift AD396 Configuration 

Applications 

USING THE AD396 IN AUTOMATIC TEST 
EQUIPMENT 

Most Automatic Test Equipment requires multiple accurate 
analog voltage thresholds which must be under microprocessor 
control. The AD396 is useful in such an application where 
space is at a premium and accuracy is essential. 


Figure 9. AD396 in A TE Systems 

A fixed reference is used for the V REFIN input of each of the 
multiplying DACs. The digital code corresponding to the desired 
voltage output is put on the bus, and the CHIP SELECT for 
the proper DAC is asserted. Two of the four DACs are used to 
set logic thresholds on the AD345 pindriver. The AD345 pindriver 
will then accurately test the logic thresholds on an I/O pin of 
the DUT (Device Under Test). The pindriver tests the pin by 
driving the pin to the proper logic thresholds set by the DACs. 
The response from the I/O pin will then enter the AD9687 dual 
comparator. The other two DACs are used to set the voltage 
threshold for either a Logic HI (2.2V-5.0V) or a Logic LO (0V- 
0.8V). This is done by placing the upper voltage limit on the 
positive terminal of the higher comparator, and the lower voltage 
limit on the negative terminal of the lower comparator. The 
response can then be accurately tested if it is either a Logic HI 
or LO by looking if the output value of the pin falls within the 
designated window. 
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THE AD396 IN SYNCHRO-TO-DIGITAL CONVERTERS 

The AD396 is useful in navigation systems where a Synchro-to- 
Digital Converter is needed. The Synchro-to-Digital Converter 
is used to measure angular position and is needed to measure 
pitch in the x-y-z axes and roll in the x-y-z axes. An S-D converter 
has three inputs and two converters are needed for this application. 
Each S-D converter uses two multiplying DACs and the accuracy 
of the S-D converter depends on the accuracy of the multiplying 
DAC. 

The outputs of the transformer are Vsinwt(sin0) and Vsinwt(cos0). 
These two outputs are applied to the Vref inputs of the DACs 
whose digital input words are proportional to the sine and cosine 
of angle 0 as shown in Figure 10. The output of the cosine 
multiplier is given by Vsinwt(sin0)(cos<t>), and the output of the 


the sine multiplier is given by Vsinwt(cos0)(sin<}>). 

These signals are subtracted by the error amplifier to give the 
error signal which is: 

Vsinwt(sin0cos<}>-cos0sin<j>) = Vsinwt(sin0-<J>) 

This error signal is demodulated by the phase sensitive detector 
which utilizes the system reference voltage and a dc error signal 
proportional to sin(0-<j>) is produced. The dc error signal is fed 
back via an integrator and V.C.O. to drive the up-down counter 
until the error signal is nulled. The contents of the up-down 
counter give a binary representation of the angular position. For 
more information on synchro-to-digital conversion the reader is 
referred to Analog Devices Synchro & Resolver Conversion 
Handbook. 



Figure 10. A Tracking Synchro-to-Digitai Converter 
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ANALOG 

DEVICES 


DACPORT Low-Cost Complete 
|xP-Compatible 8-Bit DAC 


AD557 


FEATURES 

Complete 8-Bit DAC 

Voltage Output - 0 to 2.56V 

Internal Precision Band-Gap Reference 

Single-Supply Operation: +5V (±10%) 

Full Microprocessor Interface 

Fast: Ips Voltage Settling to ± 1/2LSB 

Low Power: 75m W 

No User Trims Required 

Guaranteed Monotonic Over Temperature 

All Errors Specified T min to T max 

Small 16-Pin DIP or 20-Pin PLCC Package 

Low Cost 


PRODUCT DESCRIPTION 

The AD557 DACPORT™ is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to an 
analog system. 

The low cost and versatility of the AD557 DACPORT are 
the result of continued development in monolithic bipolar 
technologies. 

The complete microprocessor interface and control logic is im- 
plemented with integrated injection logic (I 2 L), an extremely 
dense and low-power logic structure that is process-compatible 
with linear bipolar fabrication. The internal precision voltage 
reference is the patented low-voltage band-gap circuit which 
permits full-accuracy performance on a single + 5V power supply. 
Thin-film silicon-chromium resistors provide the stability required 
for guaranteed monotonic operation over the entire operating 
temperature range, while laser- wafer trimming of these thin-film 
resistors permits absolute calibration at the factory to within 
±2.5LSB; thus, no user-trims for gain or offset are required. A 
new circuit design provides voltage settling to ± 1/2 LSB for a 
full-scale step in 800ns. 

The AD557 is available in two package configurations. The 
AD557JN is packaged in a 16-pin plastic, 0.3"-wide DIP. For 
surface mount applications, the AD557JP is packaged in a 20-pin 
JEDEC standard PLCC. Both versions are specified over the 
operating temperature range of 0 to + 70°C. 


AD557 FUNCTIONAL BLOCK DIAGRAM 


CONTROL 

INPUTS 


CS CE 


DIGITAL INPUT DATA 


BIT 1 BIT 8 

(MSB) (LSB) 

+V C c GND GND 



PRODUCT HIGHLIGHTS 

1. The 8-bit I 2 L input register and fully microprocessor- 
compatible control logic allow the AD557 to be directly 
connected to 8- or 16-bit data buses and operated with standard 
control signals. The latch may be disabled for direct DAC 
interfacing. 

2. The laser-trimmed on-chip SiCr thin-film resistors are cali- 
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated accuracy 
over the operating temperature range. 

3. The inclusion of a precision low- voltage band-gap reference 
eliminates the need to specify and apply a separate reference 
source. 

4. The AD557 is designed and specified to operate from a single 
+ 4.5V to +5.5V power supply. 

5. Low digital input currents, IOOjjlA max, minimize bus loading. 
Input thresholds are TTL/low voltage CMOS compatible. 

6. The single-chip, low power I 2 L design of the AD557 is in- 
herently more reliable than hybrid multichip or conventional 
single-chip bipolar designs. 


DACPORT is a trademark of Analog Devices, Inc. 

Covered by U.S. Patent Nos. 3,887,863; 3,685,045; 4,323,795; other 
patents pending. 
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(@ T a = +25°C, V cc = +5V unless otherwise specified) 


Model 

AD557J 

Min Typ Max 

Units 

RESOLUTION 

8 

Bits 

RELATIVE ACCURACY 1 



0 to + 70°C 

±1/2 1 

LSB 

OUTPUT 



Ranges 

Oto +2.56 

V 

Current Source 

+ 5 

mA 

Sink 

Internal Passive 



Pull-Down to Ground 2 


OUTPUT SETTLING TIME 3 

0.8 1.5 

|AS 

FULL SCALE ACCURACY 4 



@25°C 

±1.5 ±2.5 

LSB 

Tjnin fO T max 

±2.5 ±4.0 

LSB 

ZERO ERROR 



@25°C 

±1 

LSB 

Tmin T max 

±3 

LSB 

MONOTONICITY 5 



Tmin tO T max 

Guaranteed 


DIGITAL INPUTS 



Tmin tO T m ax 



Input Current 

±100 

pA 

Data Inputs, Voltage 



Bit On- Logic “1” 

2.0 

V 

Bit On- Logic “0” 

0 0.8 

V 

Control Inputs, Voltage 



On- Logic “1” 

2.0 

V 

On- Logic “0” 

oo 

d 

o 

V 

Input Capacitance 

4 

pF 

TIMING 6 



tw Strobe Pulse Width 

225 

ns 

Tmin tO Tmax 

300 

ns 

toH Data Hold Time 

10 

ns 

Tmin tO Tmax 

10 

ns 

tDs Data Setup Time 

225 

ns 

Tmin tO Tmax 

300 

ns 

POWER SUPPLY 



Operating Voltage Range (Vcc) 



2.56 Volt Range 

+ 4.5 +5.5 

V 

Current (I C c) 

15 25 

mA 

Rejection Ratio 

0.03 

%/% 

POWER DISSIPATION, V cc = 5V 

75 125 

mW 

OPERATING TEMPERATURE RANGE 

0 +70 

°C 


NOTES 


PIN CONFIGURATIONS 
DIP 



VoUT 

Vqut SENSE A 

V 0UT SENSE B 

GND 

GND 

+ Vcc 

CS 

CE 


m _ 

a 2 

b t o I j| 

00 CO z > >(/) 



NC = NO CONNECT m 


Vqut SENSE B 

GND 

NC 

GND 

+ V CC 


AD557 ORDERING GUIDE 


Model 

Package 

Options* 

Temperature 

AD557JN 

Plastic (N-16) 

0 to +• 70°C 

AD557JP 

PLCC (P-20A) 

Oto +- 70°C 


*See Section 14 for package outline information. 


1 Relative Accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the offset to the full scale of the device. See “Measuring Offset Error” on AD558 data sheet. 
2 Passive pull-down resistance is 2kO. 

Settling time is specified for a positive-going full-scale step to ± 1/2LSB. Negative-going steps to zero 
are slower, but can be improved with an external pull-down. 

4 The full-scale output voltage is 2.55 V and is guaranteed with a + 5V supply. 

5 A monotonic converter has a maximum differential linearity error of ± 1 LSB . 

6 See Figure 7. 

Specifications shown in boldface are tested on all production units at final electrical test. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 

Vcc to Ground 0V to + 18V 

Digital Inputs (Pins 1-10) 0 to + 7.0V 

Vout Indefinite Short to Ground 

Momentary Short to V C c 

Power Dissipation 450mW 

Storage Temperature Range 

N/P (Plastic) Packages -25°C to + 100°C 

Lead Temperature (soldering, 10 sec) 300°C 


Thermal Resistance 
Junction to Ambient/ Junction to Case 
N/P (Plastic) Packages 140/55°C/W 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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AD557 


CIRCUIT DESCRIPTION 

The AD557 consists of four major functional blocks fabricated 
on a single monolithic chip (see Figure 1). The main D/A converter 
section uses eight equally weighted laser-trimmed current sources 
switched into a silicon-chromium thin-film R/2R resistor ladder 
network to give a direct but unbuffered OmV to 400mV output 
range. The transistors that form the DAC switches are PNPs; 
this allows direct positive-voltage logic interface and a zero-based 
output range. 


DIGITAL INPUT DATA 


X T 


l 2 L 



CONTROL 

LOGIC 


l 2 L LATCHES 


+Vcc GND GND 

T $ $ 



Figure 1. Functional Block Diagram 


The high-speed output buffer amplifier is operated in the nonin- 
verting mode with gain determined by the user-connections at 
the output range select pin. The gain-setting application resistors 
are thin film laser trimmed to match and track the DAC resistors 
and to assure precise initial calibration of the output range, OV 
to 2.56V. The amplifier output stage is an NPN transistor with 
passive pull-down for zero-based output capability with a single 
power supply. 

The internal precision voltage reference is of the patented band-gap 
type. This design produces a reference voltage of 1.2V and 
thus, unlike 6.3V temperature-compensated zeners, may be 
operated from a single, low- voltage logic power supply. The 
microprocessor interface logic consists of an 8-bit data latch and 
control circuitry. Low power, small geometry and high speed 
are advantages of the I 2 L design as applied to this section. I 2 L 
is bipolar process compatible so that the performance of the 
analog sections need not be compromised to provide on-chip 
logic capabilities. The control logic allows the latches to be 
operated from a decoded microprocessor address and write 
signal. If the application does not involve a jxP or data bus, 
wiring CS and CE to ground renders the latches “transparent” 
for direct DAC access. 


Digital Input Code 

Output 

Voltage 

Binary 

Hexadecimal 

Decimal 

0000 0000 

00 

0 

0 

0000 0001 

01 

1 

0.010V 

0000 0010 

02 

2 

0.020V 

oooo mi 

OF 

15 

0.150V 

0001 0000 

10 

16 

0.160V 

oin mi 

7F 

127 

1.270V 

1000 0000 

80 

128 

1.280V 

1100 0000 

CO 

192 

1.920V 

mi nil 

FF 

255 

2.55V 


CONNECTING THE AD557 

The AD557 has been configured for low cost and ease of appli- 
cation. All reference, output amplifier and logic connections are 
made 'internally. In addition, all calibration trims are performed 
at the factory assuring specified accuracy without user trims. 

The only connection decision to be made by the user is whether 
the output range desired is unipolar or bipolar. Clean circuit 
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 

UNIPOLAR 0 TO + 2.56V OUTPUT RANGE 

Figure 2 shows the configuration for the 0 to 4- 2.56V full-scale 
output range. Because of its precise factory calibration, the 
AD557 is intended to be operated without user trims for gain 
and offset; therefore, no provisions have been made for such 
user trims. If a small increase in scale is required, however, it 
may be accomplished by slightly altering the effective gain of 
the output buffer. A resistor in series with Vout SENSE will 
increase the output range. Note that decreasing the scale by 
putting a resistor in series with GND will not work properly 
due to the code-dependent currents in GND. Adjusting offset 
by injecting dc at GND is not recommended for the same 
reason. 



Figure 2. 0 to 2.56V Output Range 

BIPOLAR -1.28V TO + 1.28V OUTPUT RANGE 

The AD557 was designed for operation from a single power 
supply and is thus capable of providing only a unipolar 0 to 
+ 2.56V output range. If a negative supply is available, bipolar 
output ranges may be achieved by suitable output offsetting and 
scaling. Figure 3 shows how a ± 1.28V output range may be 
achieved when a — 5V power supply is available. The offset is 
provided by the AD589 precision 1.2V reference which will 
operate from a +5V supply. The AD711 output amplifier can 
provide the necessary ± 1.28V output swing from ±5V supplies. 
Coding is complementary offset binary. 


5kfi 



Figure 3. Bipolar Operation of AD557 from ±5V Supplies 
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Applications 

GROUNDING AND BYPASSING 

All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
Because the AD557 is intended for application in microcomputer 
systems where digital noise is prevalent, special care must be 
taken to assure that its inherent precision is realized. 

The AD557 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure 4 
shows how the ground connections should be made. 



Figure 4. Recommended Grounding and Bypassing 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common in 
one place only. If the common tie-point is remote and accidental 
disconnection of that one common tie-point occurs due to card 
removal with power on, a large differential voltage between the 
two commons could develop. To protect devices that interface 
to both digital and analog parts of the system, such as the AD557, 
it is recommended that common ground tie-points should be 
provided at each such device. If only one system ground can be 
connected directly to the AD557, it is recommended that analog 
common be selected. 

USING A “FALSE” GROUND 

Many applications, such as disk drives, require servo control 
voltages that swing on either side of a “false” ground. This 
ground is usually created by dividing the -f 12V supply equally 
and calling the midpoint voltage “ground.” 

Figure 5 shows an easy and inexpensive way to implement this. 
The AD586 is used to provide a stable 5V reference from the 
system’s -I- 12V supply. The op amp shown likewise operates 
from a single ( 4 - 12V) supply available in the system. The resulting 
output at the Vout node is ±2.5V around the “false” ground 
point of 5V. AD557 input code vs. Vout is shown in Figure 6. 



Figure 5. Level Shifting the AD557 Output Around a " False " 
Ground 


TIMING AND CONTROL 

The AD557 has data input latches that simplify interface to 8- 
and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs. CE and CS are internally 
“NORed” so that the latches transmit input data to the DAC 
section when both CE and CS are at Logic “0”. If the application 
does not involve a data bus, a “00” condition allows for direct 
operation of the DAC. When either CE or CS go to Logic “1,” 
the input data is latched into the registers and held until both 
CE and CS return to “0.” (Unused CE or CS inputs should be 
tied to ground.) The truth table is given in Table I. The logic 
function is also shown in Figure 6. 


Input Data 

CE 

eg 

DAC Data 

Latch 

Condition 

0 

0 

0 

0 

“transparent” 

1 

0 

0 

1 

“transparent” 

0 

f 

0 

0 

latching 

1 

f 

0 

1 

latching 

0 

0 

I 

0 

latching 

1 

0 

I 

1 

latching 

X 

1 

X 

previous data 

latched 

X 

X 

l 

previous data 

latched 


Notes: X = Does not matter 

J =■ Logic Threshold at Positive-Going Transition 


Table I. AD557 Control Logic Truth Table 


Vout 



AD557 INPUT CODE 


Figure 6. AD557 Input Code vs. Level Shifted Output in 
"False " Ground Configuration 

In a level-triggered latch such as that used in the AD557, there 
is an interaction between the data setup and hold times and the 
width of the enable pulse. In an effort to reduce the time required 
to test all possible combinations in production, the AD557 is 
tested with Tds = Tw = 225ns at 25°C and 300ns at T^ and 
Tmaxj with T dh = 10ns at all temperatures. Failure to comply 
with these specifications may result in data not being latched 
properly. 

Figure 7 shows the timing for the data and control signals, CE 
and CS are identical in timing as well as in function. 



t w = STROBE PULSE WIDTH = 225ns min 

to« = DATA HOLD TIME = 10ns min 

tos = DATA SETUP TIME = 225ns min 

tsrrruNG = DAC OUTPUT SETTLING TIME TO ±1/2 LSB 

Figure 7. AD557 Timing 
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ANALOG 

DEVICES 


DACPORT Low-Cost Complete 
(xP-Compatible 8-Bit DAC 



FEATURES 

Complete 8-Bit DAC 

Voltage Output — 2 Calibrated Ranges 

Internal Precision Band-Gap Reference 

Single-Supply Operation: +5V to +15V 

Full Microprocessor Interface 

Fast: Ips Voltage Settling to ±1/2LSB 

Low Power: 75mW 

No User Trims 

Guaranteed Monotonic Over Temperature 

All Errors Specified T min to T max 

Small 16-Pin DIP, 20-Pin PLCC and LCC Packages 

Single Laser-Wafer-Trimmed Chip for Hybrids 

Low Cost 


PRODUCT DESCRIPTION 

The AD558 DACPORT™ is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 


AD558 PIN CONFIGURATION (DIP) 



AD558 PIN CONFIGURATION (PLCC AND LCC) 



The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 

The complete microprocessor interface and control logic is 
implemented with integrated injection logic (I 2 L), an extreme- 
ly dense and low-power logic structure that is process-compat- 
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+ 15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op- 
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin- 
film resistors permit absolute calibration at the factory to 
within ±1LSB ; thus no user-trims for gain or offset are re- 
quired. A new circuit design provides voltage settling to 
±1/2LSB for a full-scale step in 800ns. 

The AD558 is available in four performance grades. The 
AD558J and K are specified for use over the 0 to + 70°C tem- 
perature ranjje, while the AD558S and T grades are speci- 
fied for -55 C to +125° C operation. The “J” and “K” grades 
are available either in 16-pin plastic (N) or hermetic ceramic 
(D) DIPS. They are also available in 20-pin JEDEC standard 
PLCC packages. The “S” and “T” grades are available in 
16-pin hermetic ceramic DIP packages and 20-pin LCC 
packages. 

•Covered by U.S. Patent Nos. 3,887,863; 3,685,045; 4,323795; 

Patents Pending. 

DACPORT is a trademark of Analog Devices, Inc. 


PRODUCT HIGHLIGHTS 

1. The 8-bit I 2 L input register and fully microprocessor- 
compatible control logic allow the AD558 to be directly 
connected to 8- or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. 

2. The laser-trimmed on-chip SiCr thin-film resistors are cali- 
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac- 
curacy over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate refer- 
ence source. 

4. The voltage-switching structure of the ADS 58 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of 0V to +2. 56V or 0V to 

+ 10V output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both ranges; typically settling to ±1/2LSB for a full-scale 
2.55 volt step in 800ns. 

5. The AD558 is designed and specified to operate from a 
single +4.5V to +16. 5V power supply. 

6. Low digital input currents, lOOjiA max, minimize bus 
loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire operating Vqq range. 

(continued further ) 
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(@ t a = + 25°C, V cc = +5V to +15V unless otherwise specified) 


Model 



AD558S 1 

Min Typ Max 

AD558T 1 

Min Typ Max 

Units 

RESOLUTION 

8 

I 8 

8 

8 

Bits 

RELATIVE ACCURACY 2 






0 to + 70°C 

±1/2 


±1/2 

±1/4 

LSB 

- 55°C to + 125°C 



±3/4 

±3/8 

LSB 

OUTPUT 






Ranges 3 

Oto +2.56 

Oto +2.56 

Oto +2.56 

Oto +2.56 

V 


Oto + 10 

Oto + 10 

Oto + 10 

0 to + 10 

V 

Current Source 

+ 5 

+ 5 

+ 5 

+ 5 

mA 

Sink 

Internal Passive 

Internal Passive 

Internal Passive 

Internal Passive 



Pull-Down to Ground 4 

Pull-Down to Ground 

Pull-Down to Ground 

Pull-Down to Ground 


OUTPUT SETTLING TIME 5 






0 to 2.56 Volt Range 

0.8 1.5 

0.8 1.5 

0.8 1.5 

0.8 1.5 

flS 

Oto 10 Volt Range 4 

2.0 3.0 

2.0 3.0 

2.0 3.0 

2.0 3.0 

US 

FULL SCALE ACCURACY 6 






@25°C 

±1.5 

±0.5 

±1.5 

±0.5 

LSB 

X min tO Tmax 

±2.5 

±1 

±2.5 

±1 

LSB 

ZERO ERROR 






@25°C 

±1 

±1/2 

±1 

±1/2 

LSB 

Tmi„t0T max 

±2 

±1 

±2 

±1 

LSB 

MONOTONICITY 7 






T min tO T max 

Guaranteed 

Guaranteed 

Guaranteed 

Guaranteed 


DIGITAL INPUTS 






Tmin tO T max 






Input Current 

±100 

±100 

±100 

100 

M-A 

Data Inputs, Voltage 






Bit On- Logic “1” 

2.0 

2.0 

2.0 

2.0 

V 

Bit On- Logic “0” 

0 0.8 

0 

0 

0 

V 

Control Inputs, Voltage 






On- Logic “1” 

2.0 

2.0 

2.0 

2.0 

V 

On- Logic “0” 

0 0.8 

0 0.8 

0 0.8 

0 0.8 

V 

Input Capacitance 

4 

4 

4 

4 

pF 

TIMING 8 





■ 

t w Strobe Pulse Width 

200 

200 

200 

200 


T min tO T max 

270 

270 

270 

270 


tDH Data Hold Time 

10 

10 

10 

10 

■ 

Tmin tO Tmax 

10 

10 

10 

10 


tj)s Data Set-Up Time 

200 

200 

200 

200 


Tmin tO Tmax 

270 

270 

270 

270 

(fill 

POWER SUPPLY 






Operating Voltage Range (V C c) 






2. 56 Volt Range 

+ 4.5 +16.5 

+ 4.5 +16.5 

+ 4.5 +16.5 

+ 4.5 +16.5 

V 

10 Volt Range 

+ 11.4 +16.5 

+ 11.4 +16.5 

+ 11.4 +16.5 

+ 11.4 +16.5 

V 

Current (I C c) 

15 25 

15 25 

15 25 

15 25 

mA 

Rejection Ratio 

0.03 

0.03 

0.03 

0.03 

%/% 

POWER DISSIPATION, V cc = 5V 

75 125 

75 125 

75 125 

75 125 

mW 

V cc = 15V 

225 375 

225 375 

225 375 

225 375 

mW 

OPERATING TEMPERATURE RANGE 

0 +70 

0 +70 

- 55 + 125 

-55 +125 

°C 


NOTES 

‘The AD558 S & T grades are available processed and screened to MIL-STD-883 Class B . 

Consult Analog Devices’ Military Databook for details . 

2 Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the offset to the full scale of the device. See “Measuring 
Offset Error”. 

3 Operation of the 0 to 10 volt output range requires a minimum supply voltage of + 1 1 .4 volts. 

4 Passive pull-down resistance is 2kfl for 2.56 volt range, lOkfl for 10 volt range. 

’Settling time is specified for a positive-going full-scale step to ± 1/2LSB. Negative-going steps to zero 
are slower, but can be improved with an external pull-down. 

6 The full range output voltage for the 2.56 range is 2.55V and is guaranteed with a + 5V supply, 
for the 10V range, it is 9.960V guaranteed with a + 15 V supply. 

7 A monotonic converter has a maximum differential linearity error of ± 1LSB. 

8 See Figure 7. 

Specifications shown in boldfaceare tested on all production units at final 
electrical test. 

Specifications subject to change without notice. 


AD558 METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 

7 6 5 4 3 
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AD558 


ABSOLUTE MAXIMUM RATINGS 


Vcc to Ground OV to 4- 18V 

Digital Inputs (Pins 1-10) 0 to + 7.0V 

Vout Indefinite Short to Ground 

Momentary Short to V C c 


Power Dissipation 450mW 

Storage Temperature Range 

N/P (Plastic) Packages -25°C to + 100°C 

D/E (Ceramic) Package -55°C to + 150°C 

Lead Temperature (soldering, 10 sec) 300°C 

Thermal Resistance 

Junction to Ambient/ Junction to Case 

D/E (Ceramic) Package 100/30°C/W 

N/P (Plastic) Packages 140/55°C/W 



Figure la. AD558 Pin Configuration (DIP) 



Figure 1b. AD558 Pin Configuration (PLCC and LCC) 


AD558 ORDERING GUIDE 


Model 

Package 

Options* 

Temperature 

Relative Accuracy 
Error Max 

T m i„ to T max 

Full-Scale 
Error, Max 
T m in tO T max 

AD558JN 

Plastic (N- 16) 

0 to + 70°C 

± 1/2LSB 

± 2.5LSB 

AD558JP 

PLCC (P-20A) 

0 to + 70°C 

± 1/2LSB 

± 2.5LSB 

AD558JD 

TO-1 16(D-16) 

0 to + 70°C 

± 1/2LSB 

± 2.5LSB 

AD558KN 

Plastic (N- 16) 

Oto +70°C 

± 1/4LSB 

± 1LSB 

AD558KP 

PLCC (P-20A) 

0 to + 70°C 

± 1/4LSB 

± 1LSB 

AD558KD 

TO-1 16(D-16) 

0 to + 70°C 

± 1/4LSB 

± 1LSB 

AD558SD 

TO-1 16(D-16) 

- 55°Cto + 125°C 

± 3/4LSB 

± 2.5LSB 

AD558SE 

LCC (E-20) 

- 55°Cto + 125°C 

± 3/4LSB 

±2.5LSB 

AD558TD 

TO-1 16(D-16) 

-55°Cto + 125°C 

± 3/8LSB 

± 1LSB 

AD558TE 

LCC (E-20) 

- 55°Cto + 125°C 

± 3/8LSB 

± 1LSB 


*See Section 1 4 for package outline information. 
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( continued from features page) 

7. The single-chip, low power I 2 L design of the AD558 is 
inherently more reliable than hybrid multi-chip or con- 
ventional single-chip bipolar designs. The AD558S and T 
grades which are specified over the -55°C to +125 C 
temperature range, are available processed to MIL-STD- 
883, Class B. 

8. All AD558 grades are available in chip form with guar- 
anteed specifications from +25°C to T max . MIL-STD-883, 
Class B visual inspection is standard on Analog Devices 
bipolar chips. Contact the factory for additional chip 
information. 

CIRCUIT DESCRIPTION 

The AD558 consists of four major functional blocks, fabri- 
cated on a single monolithic chip (see Figure 2). The main 
D to A converter section uses eight equally-weighted laser-trim- 
med current sources switched into a silicon-chromium thin- 
film R/2R resistor ladder network to give a direct but unbuf- 
fered OmV to 400mV output range. The transistors that form 
the DAC switches are PNPs; this allows direct positive-voltage 
logic interface and a zero-based output range. 


DIGITAL INPUT DATA 


CE DBO DB1 DB2 DB3 DB4 DB5 DB6 DB7 +Vcc GND GND 


ft 


l„L 



CONTROL 

LOGIC 

& 

i 2 l latches 


T J S 


BAND- 

GAP 

REFERENCE 







Vout SENSE 
-Wv-< Vout SELECT 


Figure 2. AD558 Functional Block Diagram 


The high-speed output buffer amplifier is operated in the non- 
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application 
resistors are th in-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the 
two output ranges, OV to 2.56V and OV to 10V. The amplifier 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. 

The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 
volts and thus, unlike 6.3 volt temperature-compensated zeners, 
may be operated from a single, low-voltage logic power supply. 
The microprocessor interface logic consists of an 8-bit data 
latch and control circuitry. Low-power, small geometry and 
high-speed are advantages of the I 2 L design as applied to this 
section. I 2 L is bipolar process compatible so that the perform- 
ance of the analog sections need not be compromised to pro- 
vide on-chip logic capabilities. The control logic allows the 
latches to be operated from a decoded microprocessor ad- 
dress and write signal. If the application does not involve a 
p? or data bus, wiring CS and CE to ground renders the latches 
“transparent” for direct DAC access. 

MIL-STD-883 

The rigors of the military /aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD558, with the inherent reliability 
of integrated circuit construction, was designed with these 
applications in mind. The hermetically-sealed, low profile 
DIP package takes up a fraction of the space required by 
equivalent modular designs and protects the chip from haz- 
ardous environments. To further ensure reliability, military- 
temperature range AD5 58 grades S and T are available screened 
to MIL-STD-883 . For more complete data sheet information 
consult the Analog Devices’ Military Databook. 

CHIP AVAILABILITY 

The AD558 is available in laser-trimmed, passivated chip form. 
AD558J and AD558T chips are available. Consult the factory 
for details. 


Digital Input Code 

Output Voltage 

Binary 

Hexadecimal 

Decimal 

2.56V Range 

10.00V Range 

0000 0000 

00 

0 

0 

0 

0000 0001 

01 

1 

0.010V 

0.039V 

0000 0010 

02 

2 

0.020V 

0.078V 

0000 1111 

OF 

15 

0.150V 

0.586V 

0001 0000 

10 

16 

0.160V 

0.625V 

0111 1111 

7F 

127 

1.270V 

4.961V 

1000 0000 

80 

128 

1.280V 

5.000V 

1100 0000 

CO 

192 

1.920V 

7.500V 

1111 1111 

FF 

255 

2.55V 

9.961V 


Input Logic Coding 
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Applications AD558 


CONNECTING THE AD558 

The AD558 has been configured for ease of application. All 
reference, output amplifier and logic connections are made 
internally. In addition, all calibration trims are performed at 
the factory assuring specified accuracy without user trims. The 
only connection decision that must be made by the user is a 
single jumper to select output voltage range. Clean circuit- 
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 

Figure 3 shows the two alternative output range connections. 
The OV to 2.56V range may be selected for use with any 
power supply between +4.5V and +16. 5V. The OV to 10V 
range requires a power supply of + 11.4V to + 16.5V. 

Because of its precise factory calibration, the AD5 58 is in- 
tended to be operated without user trims for gain and offset; 
therefore no provisions have been made for such user-trims. 

If a small increase in scale is required, however, it may be ac- 
complished by slightly altering the effective gain of the output 
buffer. A resistor in series with Vqut SENSE will increase the 
output range. 



a. OV to 2.56V Output Range b. OV to 10V Output Range 

Figure 3. Connection Diagrams 

For example if a OV to 10.24V output range is desired (40mV 
= 1LSB), a nominal resistance of 850S2 is required. It must be 
remembered that, although the internal resistors all ratio- 
match and track, the absolute tolerance of these resistors is 
typically ±20% and the absolute TC is typically -50ppm/°C 
(0 to -100ppm/°C). That must be considered when re-scaling 
is performed. Figure 4 shows the recommended circuitry for a 
full-scale output range of 10.24 volts. Internal resistance values 
shown are nominal. 

NOTE: Decreasing the scale by putting a resistor in series with 
GND will not work properly due to the code-dependent cur- 
rents in GND. Adjusting offset by injecting dc at GND is not 
recommended for the same reason. 



GROUNDING AND BYPASSING* 

All precision converter products require careful application of 
good grounding practices to maintain full rated performance. 
Because the AD558 is intended for application in microcom- 
puter systems where digital noise is prevalent, special care must 
be taken to assure that its inherent precision is realized. 

The AD558 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure 5 
shows how the ground connections should be made. 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common 
in one place only. If the common tie-point is remote and ac- 
cidental disconnection of that one common tie-point occurs 
due to card removal with power on, a large differential volt- 
age between the two commons could develop. To protect de- 
vices that interface to both digital and analog parts of the 
system, such as the AD558, it is recommended that common 
ground tie-points should be provided at each such device. If 
only one system ground can be connected directly to the 
AD5 58, it is recommended that analog common be selected. 



Figure 5. Recommended Grounding and Bypassing 
POWER SUPPLY CONSIDERATIONS 

The AD558 is designed to operate from a single positive power 
supply voltage. Specified performance is achieved for any sup- 
ply voltage between +4.5V and +16. 5V. This makes the 
AD558 ideal for battery-operated, portable, automotive or 
digital main-frame applications. 

The only consideration in selecting a supply voltage is that, in 
order to be able to use the OV to 10V output range, the power 
supply voltage must be between +11.4V and +16. 5 V. If, how- 
ever, the OV to 2.56V range is to be used, power consumption 
will be minimized by utilizing the lowest available supply 
voltage (above +4.5V). 

TIMING AND CONTROL 

The AD558 has data input latches that simplify interface to 
8- and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs. CE and CS are inter- 
nally “NORed” so that the latches transmit input data to the 
DAC section when both CE and CS are at Logic “0”. If the 
application does not involve a data bus, a “00” condition 
allows for direct operation of the DAC. When either CE or 
CS go to Logic “1”, the input data is latched into the registers 


Figure 4. 10.24V Full-Scale Connection *For additional insight, “An IC Amplifier Users’ Guide to Decoupling, 

Grounding and Making Things Go Right For A Change”, is available 
at no charge from any Analog Devices Sales Office. 
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and held until both CE and CS return to “0”. (Unused CE or 
CS inputs should be tied to ground.) The truth table is given 
in Table I. The logic function is also shown in Figure 6. 


Latch 


Input Data 

CE 

CS 

DAC Data 

Condition 

0 

0 

0 

0 

“transparent” 

1 

0 

0 

1 

“transparent” 

0 

I 

0 

0 

latching 

1 

I 

0 

1 

latching 

0 

0 


0 

latching 

1 

0 

I 

1 

latching 

X 

1 

X 

previous data 

latched 

X 

X 

1 

previous data 

latched 

Notes: X 

= Does not matter 




jf = Logic Threshold at Positive-Going Transition 


Table /. AD558 Control Logic Truth Table 


INPUT DATA 


J\ v 


-T\ 




/\r 

—T 


X 


Figure 6. AD558 Control Logic Function 


In a level-triggered latch such as that in the AD558 there is 
an interaction between data setup and hold times and the 
width of the enable pulse. In an effort to reduce the time 
required to test all possible combinations in production, the 
AD558 is tested with t DS = t>y = 200ns at 25°C and 270ns at 
T m in and T max , with t£>n = 10ns at all temperatures. Failure 
to comply with these specifications may result in data not 
being latched properly. 

Figure 7 shows the timing for the data and control signals; 
CE and CS are identical in timing as well as in function. 



t w = STROBE PULSE WIDTH = 225ns min 

t DH = DATA HOLD TIME = 10ns min 

t os = DATA SETUP TIME = 225ns min 

tsETTUNG = DAC OUTPUT SETTLING TIME TO ±1/2 LSB 


Figure 7. AD558 Timing 


USE OF V OUT SENSE 

Separate access to the feedback resistor of the output ampli- 
fier allows additional application versatility. Figure 8a shows 
how I X R drops in long lines to remote loads may be cancelled 
by putting the drops “inside the loop.” Figure 8b shows how 
the separate sense may be used to provide a higher output 
current by feeding back around a simple current booster. 



VOUT 

ov TO +10V 


a. Compensation for I x R Drops in Output Lines 


Vcc 



b. Output Curren t Booster 
Figure 8. Use of Vqut Sense 
OPTIMIZING SETTLING TIME 

In order to provide single-supply operation and zero-based 
output voltage ranges, the AD558 output stage has a passive 
“pull-down” to ground. As a result, settling time for negative- 
going output steps may be longer than for positive-going out- 
put steps. The relative difference depends on load resistance 
and capacitance. If a negative power supply is available, the 
negative-going settling time may be improved by adding a pull- 
down resistor from the output to the negative supply as shown 
in Figure 9. The value of the resistor should be such that, at 
zero voltage out, current through that resistor is 0.5mA max. 


s Vout SENSE 

n 

) H 

. ^ 
> Rp-D = 

NEGATIVE | 


SUPPLY N 

V V EE 


Figure 9. Improved Settling Time 
BIPOLAR OUTPUT RANGES 

The AD558 was designed for operation from a single power 
supply and is thus capable of providing only unipolar (0V to 
+2.56 and 0V to 10V) output ranges. If a negative supply is 
available, bipolar output ranges may be achieved by suitable 
output offsetting and scaling. Figure 10 shows how a ±1.28 
volt output range may be achieved when a -5 volt power sup- 
ply is available. The offset is provided by the AD589 precision 
1.2 volt reference which will operate from a +5 volt supply. 
The AD 544 output amplifier can provide the necessary ±1.28 
volt output swing from ±5 volt supplies. Coding is complemen- 
tary offset binary. 
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Applying the AD558 


5k fi 



Figure 10. Bipolar Operation of AD558 from ±5V 
Supplies 


MEASURING OFFSET ERROR 

One of the most commonly specified end-point errors 

associated with real-world nonideal DACs is offset error. 

In most DAC testing, the offset error is measured by applying 
the zero-scale code and measuring the output deviation from 
0 volts. There are some DACs, like the AD558 where offset 
errors may be present but not observable at the zero scale, 
because of other circuit limitations (such as zero coinciding 
with single-supply ground) so that a nonzero output at zero 
code cannot be read as the offset error. Factors like this make 
testing the AD558 a little more complicated. 

By adding a pulldown resistor from the output to a negative 
supply as shown in Figure 11, we can now readoffset errors 
at zero code that may not have been observable due to circuit 
limitations. The value of the resistor should be such that, at 
zero voltage out, current through the resistor is 0.5mA max. 




Figure 1 1. Offset Connection Diagrams 


INTERFACING THE AD558 TO MICROPROCESSOR DATA 
BUSES 

The AD558 is configured to act like a “write only” location 
in memory that may be made to coincide with a read only 
memory location or with a RAM location. The latter case 
allows data previously written into the DAC to be read back 
later via the RAM. Address decoding is partially complete for 
either ROM or RAM. Figure 12 shows interfaces for three 
popular microprocessor systems. 



a. 6800 /AD 558 Interface 



MEMW -CF 

DECODED ADDRESS SELECT PULSE -* CS 


b. 8080A/AD558 Interface 


< 


ADDRESS BUS 




i> 


< 


£ 



TPA 

ADDRESS 

LATCH 

t. r cs 


1802 


8. 

DECODE 


AD558 


MWR 


~LT CF 




DBO - DB7 


CDP 1802: MWR - CF 

DECODED ADDRESS SELECT PULSE 



c. 1 802/A D558 Interface 

Figure 12. Interfacing the AD558 to Microprocessors 
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AD558 Performance (typical @ + 25°C, V cc ± +5V to -t- 15V unless otherwise noted) 


FULL 

SCALE 

ERROR 



Figure 13. Full-Scale Accuracy vs. Temperature 
Performance of AD558 



Figure 14. Zero Drift vs. Temperature Performance 
of AD558 



DATA INPUT, 
TTL LEVELS 


Vout, 

1LSB/DIV 



HORIZONTAL: 200ns/DIV 

Figure 16. AD558 Settling Characteristic Detail 
OV to 2.56V Output Range Full-Scale Step 



HORIZONTAL: 500n$/DIV 


Figure 17. AD558 Settling Characteristic Detail 
OV to 10V Output Range Full-Scale Step 


CS AND CE 
STROBE PULSE 

DATA IN, 
ALL BITS 


VoUTr 
OV TO 2.56V 
RANGE 


HORIZONTAL: lOOns/DIV 



Figure 18. AD558 Logic Timing 


Figure 15. Quiescent Current i/s. Power Supply 
Voltage for AD 558 
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ANALOG 

DEVICES 


Low Cost 1 0-Bit 
Monolithic D/A Converter 


AD561* 


FEATURES 

Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4LSB Max Error, 
AD561 K, T) 

T rimmed Output Application Resistors for 0 to + 1 0, ± 5 
Volt Ranges 

Fast Settling - 250ns to 1/2LSB 
Guaranteed Monotonicity Over Full Operating 
Temperature Range 

TTL/DTL and CMOS Compatible (Positive T rue Logic) 
Single Chip Monolithic Construction 
Available in Chip Form 


PRODUCT DESCRIPTION 

The AD561 is an integrated circuit 10-bit digital-to-analog 
converter combined with a high stability voltage reference 
fabricated on a single monolithic chip. Using 10 precision high- 
speed current-steering switches, a control amplifier, voltage 
reference, and laser-trimmed thin-film SiCr resistor network, 
the device produces a fast, accurate analog output current. 
Laser trimmed output application resistors are also included to 
facilitate accurate, stable current-to-voltage conversion; they 
are trimmed to 0.1% accuracy, thus eliminating external trim- 
mers in many situations. 

Several important technologies combine to make the AD561 
the most accurate and most stable 10-bit DAC available. The 
low temperature coefficient, high stability thin-film network 
is trimmed at the wafer level by a fine resolution laser system 
to 0.01% typical linearity. This results in an accuracy specifica- 
tion of ±1/4LSB max for the K and T versions, and 1/2LSB 
max for the J and S versions. 

The AD561 also incorporates a low noise, high stability subsur- 
face zener diode to produce a reference voltage with excellent 
long term stability and temperature cycle characteristics which 
challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow custom correc- 
tion of the temperature coefficient of each device. This results 
in a typical full-scale temperature coefficient of 15ppm/°C; the 
T.C. is tested and guaranteed to 30ppm/ C max for the K and 
T versions, 60ppm/°C max for the S, and 80ppm/°C for the J. 

The AD561 is available in four performance grades. The 
AD561J and K are specified for use over the 0 to +70° C 


•Covered by Patent Nos.: 3,940,760; 3,747,088; RE 28,633; 
3,803,590; RE 29,619; 3,961,326; 4,141,004; 4,213,806; 
4,136,349. 


AD561 FUNCTIONAL BLOCK DIAGRAM 


TO-116 

BIPOLAR 

OFFSET RFB 



temperature range and are available in either a 16-pin 
hermetically -sealed ceramic DIP or a 16-pin molded plastic 
DIP. The AD561S and T grades are specified for the -55°C 
to +125 C range and are available in the ceramic package. 

PRODUCT HIGHLIGHTS 

1. Advanced monolithic processing and laser trimming at the 
wafer level have made the AD561 the most accurate 10-bit 
converter available while keeping costs consistent with large 
volume integrated circuit production. The AD561K and T 
have 1/4LSB max relative accuracy and 1/2LSB max differ- 
ential nonlinearity. The low T.C. R-2R ladder guarantees 
that all AD561 units will be monotonic over the entire 
operating temperature range. 

2. Digital system interfacing is simplified by the use of a posi- 
tive true straight binary code. The digital input voltage 
threshold is a function of the positive supply level; connect- 
ing Vcc to the digital logic supply automatically sets the 
threshold to the proper level for the logic family being used. 
Logic sink current requirement is only 25juA. 

3. The high speed current steering switches are designed to 
settle in less than 250ns for the worst case digital code 
transition. This allows construction of successive-approxi- 
mation A/D converters in the 3 to 5jus range. 

4. The AD561 has an output voltage compliance range from 
-2 to +10 volts, thus allowing direct current-to-voltage 
conversion with just an output resistor, omitting the op amp. 
The 40Mf2 open collector output impedance results in negli- 
gible errors due to output leakage currents. 
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SPECIFICATIONS (T A = + 25°C, V cc = + 5V, Vee = - 1 5V, unless otherwise specified) 




AD561J 



AD561K 



MODEL 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

UNITS 

RESOLUTION 

10 Bits 

10 Bits 


ACCURACY (Error Relative 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 

to Full Scale) 


(0.025) 

(0.05) 


(0.012) 

(0.025) 

% of F.S. 

DIFFERENTIAL NONLINEARITY 

+1/2 | 


±1/4 

±1/2 

LSB 

DATA INPUTS 








TTL, V cc = +5V 








Bit ON Logic “1” 

+2.0 



* 



V 

Bit OFF Logic “0” 



+0.8 



* 

V 

CMOS, 10V < V cc < 16.5V 








Bit ON Logic “1” 

70% V cc 



* 



V 

Bit OFF Logic “0” 



30% V CC 



* 

V 

Logic Current (Each Bit) (T min to T max ) 








Bit ON Logic “1” 


+5 

+100 


* 

* 

nA 

Bit OFF Logic “0” 


-5 

-25 


* 

* 

juA 

OUTPUT 








Current 








Unipolar 

1.5 

2.0 

2.4 

* 

* 

* 

mA 

Bipolar 

±0.75 

±1.0 

±1.2 

* 

* 

* 

mA 

Resistance (Exclusive of 








Application Resistors) 


40M 



* 


£2 

Unipolar Zero (All Bits OFF) 


0.01 

0.05 


* 

* 

% of F.S. 

Capacitance 


25 



* 


pF 

Compliance Voltage 

-2 

-3 

+ 10 

* 

* 

* 

V 

SETTLING TIME TO 1/2LSB 








All Bits ON-to-OFF or OFF-to-ON 


250 



* 


ns 

POWER REQUIREMENTS 








V cc , +4.5V dc to +16.5V dc 


8 

10 


* 

* 

mA 

V EE , -10.8V dc to -16.5V dc 


12 

16 


* 

* 

mA 

POWER SUPPLY GAIN SENSITIVITY 








V CC ,+4.5V dc to +16. 5V dc 


2 

10 


* 

* 

ppm of F.S./% 

V EE , -10.8V dc to -16.5V dc 


4 

25 


* 

* 

ppm of F.S./% 

TEMPERATURE RANGE 








Operating 


0 to +70 



* 

* 

°C 

Storage (“D” Package) 


-65 to +150 


* 

* 

°c 

(“N” Package) 


-25 to +85 


* 

* 

°c 

TEMPERATURE COEFFICIENTS 








With Internal Reference 








Unipolar Zero 


1 

10 


1 

5 

ppm of F.S./°C 

Bipolar Zero 


2 

20 


2 

10 

ppm of F.S./°C 

Full Scale 


15 

80 


15 

30 

ppm of F.S./°C 

Differential Nonlinearity 


2.5 

i 


2.5 


ppm of F.S./°C 

MONOTONICITY 

1 Guaranteed over full 


Guaranteed over full 



j operating temp. 

range 


operating temp. 

range 


PROGRAMMABLE OUTPUT 


0 to +10 



* 


V 

RANGES 


-5 to +5 



* 


V 

CALIBRATION ACCURACY 








Full Scale Error with Fixed 2512 








Resistor 


±0.1 



* 


% of F.S. 

Bipolar Zero Error with Fixed 10£2 








Resistor 


±0.1 



* 


% of F.S. 

CALIBRATION ADJUSTMENT 








RANGE 








Full Scale (With 50H Trimmer) 


±0.5 



* 


% of F.S. 

Bipolar Zero (With 5012 Trimmer) 


±0.5 



* 


% of F.S. 


NOTES 

* Specifications same as AD561J specs. 
Specifications subject to change without notice. 
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AD561 


MODEL 

MIN 

AD561S 

TYP 

MAX 

AD561T 

MIN TYP 

MAX 

UNITS 

RESOLUTION 

10 Bits 

10 Bits 


ACCURACY (Error Relative 


±1/4 

±1/2 

±1/8 

±1/4 

LSB 

to Full Scale) 


(0.025) 

(0.05) 

(0.012) 

(0.025) 

%of F.S. 

DIFFERENTIAL NONLINEARITY 

±1/2 

±1/4 

±1/2 

LSB 

DATA INPUTS 







TTL, V cc = +5V 







Bit ON Logic “1” 

+2.0 



* * 


V 

Bit OFF Logic “0” 



+0.8 


** 

V 

CMOS, 10V < V cc < 16.5 V 







Bit ON Logic “1” 

70% V cc 



** 


V 

Bit OFF Logic “0” 



30% V CC 


** 

V 

Logic Current (Each Bit) (T mjn to T max ) 







Bit ON Logic “1” 


+20 

+ 100 

** 

** 

nA 

Bit OFF Logic “0” 


-25 

-100 

* * 

** 

ma 

OUTPUT 







Current 







Unipolar 

1.5 

2.0 

2.4 

* * * * 

** 

mA 

Bipolar 

±0.75 

±1.0 

±1.2 

** ** 

** 

mA 

Resistance (Exclusive of 







Application Resistors) 


40M 


* * 


n 

Unipolar Zero (All Bits OFF) 


0.01 

0.05 

* * 

** 

% of F.S. 

Capacitance 


25 


* * 


P F 

Compliance Voltage 

-2 

-3 

+ 10 

* * * * 

** 

V 

SETTLING TIME TO 1/2LSB 







All Bits ON-to-OFF or OFF-to-ON 


250 


* * 


ns 

POWER REQUIREMENTS 







V CC’ +4.5V dc to + 16.5V dc 


6 

10 

* * 

* * 

mA 

V EE , -10.8V dc to -16.5V dc 


11 

16 

** 

** 

mA 

POWER SUPPLY GAIN SENSITIVITY 







V cc , +4.5V dc to +16.5V dc 


2 

10 

** 

** 

ppm of F.S./% 

V EE , -10.8V dc to -16.5V dc 


4 

25 

* * 

** 

ppm of F.S./% 

TEMPERATURE RANGE 







Operating 


-55 to +125 

** 

** 

°C 

Storage 


-65 to +150 

** 

** 

°c 

TEMPERATURE COEFFICIENTS 







With Internal Reference 







Unipolar Zero 


1 

10 

1 

5 

ppm of F.S./°C 

Bipolar Zero 


2 

20 

2 

10 

ppm of F.S./°C 

Full Scale 


15 

60 

15 

30 

ppm of F.S./°C 

Differential Nonlinearity 


2.5 


2.5 


ppm of F.S./°C 

MONOTONICITY 

j Guaranteed over full 

Guaranteed over full 



| operating temp. 

range 

operating temp, range 


PROGRAMMABLE OUTPUT 


0 to +10 


** 


V 

RANGES 


-5 to +5 


** 


V 

CALIBRATION ACCURACY 







Full Scale Error with Fixed 25 El 







Resistor 


±0.1 


** 


% of F.S. 

Bipolar Zero Error with Fixed 10Q 







Resistor 


±0.1 


** 


% of F.S. 

CALIBRATION ADJUSTMENT 







RANGE 







Full Scale (With 50Q Trimmer) 


±0.5 


* * 


% of F.S. 

Bipolar Zero (With 5012 Trimmer) 


±0.5 


** 


% of F.S. 


NOTES 

••Specifications same as AD 56 IS specs. 
Specifications subject to change without notice. 
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CIRCUIT DESCRIPTION 

A simplified schematic with the essential circuit features of the 
AD561 is shown in Figure 1. The voltage reference, CR1, is a 
buried zener (or subsurface breakdown diode). This device ex- 
hibits far better all-around performance than the NPN base- 
emitter reverse-breakdown diode (surface zener), which is in 
nearly universal use in integrated circuits as a voltage reference. 
Greatly improved long term stability and lower noise are the 
major benefits the buried zener derives from isolating the 
breakdown point from surface stress and mobile oxide charge 
effects. The nominal 7.5 volt device (including temperature 
compensation circuitry) is driven by a current source to the 
negative supply so that the positive supply can be allowed to 
go as low as 4.5 volts. The temperature coefficient of each 
diode is determined individually; this data is then used to laser 
trim a compensating circuit to balance the overall T.C. to zero. 
The typical resulting T.C. is 0 to ±15ppm/°C. 

The negative reference level is inverted and scaled by Aj to give 
a +2.5 volt reference (which can be driven by the low positive 
supply). The AD561, packaged in the 16-pin DIP, has the +2.5 
volt reference (REF OUT) connected directly to the input of 
the control amplifier (REF IN). The buffered reference is not 
directly available externally except through the 2.5k£2 bipolar 
offset resistor. 

The 2.5k El scaling resistor and control amplifier A2 then force 
a 1mA reference current to flow through reference transistor 
Ql, which has a relative emitter area of 8A. This is accom- 


plished by forcing the bottom of the ladder to the proper voltage. 
Since Qj and Q2 have equal emitter areas and have equal 5kl2 
emitter resistors, Q2 also carries 1mA. The ladder voltage drop 
constrains Q .7 (with area 4A) to carry only 0.5mA; Q g carries 
0.25mA, etc. 

The first four significant bit cells are scaled exactly in emitter 
area to match Qi for optimum V B g an d V B g drift match, as 
well as for beta match. These effects are insignificant for the 
lower order bits, which account for a total of only 1/16 of full 
scale. However, the 18mV V B g difference between two 
matched transistors carrying emitter currents in a ratio of 2: 1 
must be corrected. This is done by forcing 120juA through the 
150f2 interbase resistors. These resistors and the R-2R ladder 
resistors are actively laser-trimmed at the wafer level to bring 
total device accuracy to better than 1/4LSB. Sufficient ratio 
accuracy in the last two bits is obtained by simple emitter area 
ratio such that it is unnecessary to use additional area for 
ladder resistors. The current in Qi6 is added to the ladder to 
balance it properly but is not switched to the output; thus full 
scale is 1023/1024 x 2mA. 

The switching cell of Q3 , Q4, Q5 and Q5 serves to steer the 
cell current either to ground (BIT 1 low) or to the DAC output 
(BIT 1 high). The entire switching cell carries the same current 
whether the bit is on or off, thus minimizing thermal transients 
and ground current errors. The logic threshold, which is gener- 
ated from the positive supply (see Digital Logic Interface) is 
applied to one side of each cell. 



Figure 1. Circuit Diagram Showing Reference, Control Amplifier, Switching Cell, R-2R Ladder, and Bit Arrangement ofAD561 


PIN CONFIGURATION 
TOP VIEW 


GROUND 

BIPOLAR 

OFFSET 

V EE (-15V1 


DIGITAL 

LOGIC 

INPUTS 



[I ^ 

H 

[I 

E 

GE 

GE 

H 



DIGITAL 
R bits > LOGIC 
h— ^ ' INPUTS 


Figure 2. 


AD561 ORDERING GUIDE 


MODEL 

TEMP RANGE 

ACCURACY 

@+25°C 

GAIN T.C. 
(of F.S./°C) 

PACKAGE 

OPTIONS* 

AD561JD 

Oto +70° C 

±ViLSB max 

80ppm max 

D-16 

AD561JN 

0 to +70°C 

iViLSB max 

80ppm max 

N-16 

AD561KD 

0 to +70° C 

1V4LSB max 

30ppm max 

D-16 

AD561KN 

0 to +70°C 

±‘4LSB max 

30ppm max 

N-16 

AD561SD 

-55 to +125°C 

iViLSB max 

60ppm max 

D-16 

AD561TD 

-55 to +125°C 

±*4LSB max 

30ppm max 

D-16 


*See Section 14 for package outline information. 
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ANALOG 

DEVICES 


1C 12-Bit 
D/A Converters 


AD562/AD563* 


FEATURES 
True 12-Bit Accuracy 

Guaranteed Monotonicity Over Full Temperature Range 

Hermetic 24-Pin DIP 

TTL/DTL and CMOS Compatibility 

Positive True Logic 


PRODUCT DESCRIPTION 

The AD562/AD563 are monolithic 12-bit digital-to-analog 
converters consisting of especially designed precision bipolar 
switches and control amplifiers and compatible high stability 
silicon chromium thin film resistors. The AD563 also includes 
its own internal voltage reference. 

A unique combination of advanced circuit design, high sta- 
bility SiCr thin film resistor processing and laser trimming 
technology provide the AD562/AD563 with true 12-bit 
accuracy. The maximum error at +25 C is limited to ±ViLSB 
on all versions and monotonicity is guaranteed over the full 
operating temperature range. 

The AD562 and AD563 are recommended for high accuracy 
12-bit D/A converter applications where true 12-bit perform- 
ance is required, but low cost and small size are considera- 
tions. Both devices are also ideal for use in constructing A/D 
conversion systems and as building blocks for higher resolu- 
tion D/A systems. J and K versions are specified for opera- 
tion over the 0 to +70°C temperature range, the S and T for 
operation over the extended temperature range, -55°C to 
+125 C. All are packaged in a 24-pin, hermetically sealed, 
ceramic, dual-in-line package. 

PRODUCT HIGHLIGHTS 

1. The AD562 multiplies in two quadrants when a varying 
reference voltage is applied. When multiplication is not 
required, the AD563 is recommended with its internal 
low drift voltage reference. 

2. True 12-bit resolution is achieved with guaranteed mono- 
tonicity over the full operating temperature range. Volt- 
age outputs are easily implemented by using an external 
operational amplifier and the AD562/AD563s internally 
provided feedback resistors. 

3. The devices incorporate a newly developed and fully dif- 
ferential, non-saturating precision current switching cell 
structure which provides increased immunity to supply 
voltage variation and also reduces nonlinearities due to 
thermal transients as the various bits are switched; nearly 
all critical components operate at constant power dissipation. 


AD562, AD563 PIN CONFIGURATIONS 


v cc +5V/+15V in rr 
(15mA) LL 
CMOS/TTL rr~ 

LOGIC THRESHOLD LL. 

REF. V LO IN f~3~ 

AMP SUMMING fT - 
JUNCTION I 

REF. V HI IN [T 

V E e - 15 V IN rr - 
(20mA) L-L 

BIPOLAR OFFSET R IN f~7~ 

BIPOLAR OFFSET R OUT [IT 

DAC OUT (-2mA F.S.) s 

10V SPAN R a 

20V SPAN R |~rr 

GNofir 


AD562 
TOP VIEW 
(Not to Scale) 


]T| BIT 1 (MSB) IN 

17 ] BIT 2 IN 
77 ] BIT 3 IN 

Tl~| BIT 4 IN 
7F| BIT 5 IN 
IT] BIT 6 IN 
17] BIT 7 IN 
17] BIT 8 IN 
IF] BIT 9 IN 
IF] BIT 10 IN 
IF] BIT 11 IN 
TT| BIT 12 (LSB) IN 


V C c +5V/+15V IN [V 

cmos/ttl rr 

LOGIC THRESHOLD LL 
REFERENCE SUPPLY IN [T 

REFERENCE OUT r~ 
(+2.5V ±3%) ILL 

REF GND [T 

REFERENCE IN [IT 

V E e -15V [T 

BIPOLAR OFFSET IN [IT 

DAC OUT (-2mA F.S.) [IT 

10V SPAN R QF 

20V SPAN R a 

GND [IT 


AD563 
TOP VIEW 
(Not to Scale) 


IF] BIT 1 (MSB) IN 
77] BIT 2 IN 
a B T3 IN 
77] BIT 4 IN 
a B T5 IN 
a B T6 IN 
a B T 7 IN 

17 ] BIT 8 IN 
a B T9 IN 
a B T 10 IN 
IF] BIT 11 IN 
IF] BIT 12 (LSB) IN 


4. The thin film resistor network contains gain, range, and 
bipolar offset resistors so that various output voltage 
ranges can be programmed by changing connections to 
the device terminal leads. Thin film resistors are laser 
trimmed while the device is powered to accurately cali- 
brate all scale factors. The scale factors are dependent 
upon the tracking coefficient (<±2ppm/ G) of these re- 
sistors, rather than upon their absolute temperature 
coefficients. 

5. TTL or CMOS input can be accommodated for supply 
voltages from +5V to +15V. 

6. Positive true logic eliminates the need for additional in- 
verter components. 


•Covered by Patent Nos. 3,961,326; 4,141,004; 3,747,088; RE 28,633; 
3,803,590; 4,020,486; the AD563 is also covered by 4,213,806; 
4,136,349. 
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(T a = + 25°C, unless otherwise specified) 



AD562KD/BIN 

AD562AD/BIN 

AD562SD/BIN 

MODEL 

AD562KD/BCD 

AD 562 AD/BCD 

AD562SD/BCD 

DATA INPUTS (positive True, Binary 




(BCD) and Offset Binary (BCD)) 




TTL, V cc = +5V, Pin 2 




Open Circuit 




Bit ON Logic “1” 

+2.0V 

* 

* 

Bit OFF Logic “0” 

+0.8V max 

* 

* 

CMOS, 4.75 <V CC <15.8, 




Pin 2 Tied to Pin 1 




Bit ON Logic “1” 

70%V CC min 

* 

* 

Bit OFF Logic “0” 

30%V CC max 

* 

* 

Logic Current (Each Bit) 




Bit ON Logic “1” 

+20nA typ, +100nA max 

* 

* 

Bit OFF Logic “0” 

-50/uA typ, -IOOjuA max 

* 

♦ 

OUTPUT 




Current 




Unipolar 

-1.6mA min, -2.0mA typ, -2.4mA max 

* 

* 

Bipolar 

±0.8mA min, ±1.0mA typ, ±1.2mA max 

* 

* 

Resistance (Exclusive of 




Span Resistors) 

5.3kQ min, 6.6kQ typ, 7.9k£2 max 

* 

* 

Unipolar Zero (All Bits OFF) 

0.01% of F.S. typ, 0.05% of F.S. max 

• 

* 

Capacitance 

33pF typ 

* 

* 

Compliance Voltage 

-1.5V to +10V typ 

* 

* 

RESOLUTION 




Binary 

12 Bits 

* 

* 

BCD 

3 Digits 

♦ 

♦ 

ACCURACY (Error Relative 




to Full Scale) 




Binary 

±1/2LSB max 

* 

±1/4LSB max 

BCD 

±1/2LSB max 

* 

±1/10LSB max 

DIFFERENTIAL NONLINEARITY 

±1/2LSB max 

* 

* 

SETTLING TIME TO 1/2LSB 




All Bits ON-to-OFF or OFF-to-ON 

1.5jus typ 

* 

* 

POWER REQUIREMENTS 




v cc> +4.75 to +15. 8V dc 

15mA typ, 18mA max 

* 

* 

V EE,-15Vd c± 5% 

20mA typ, 25mA max 

* 

* 

POWER SUPPLY GAIN SENSITIVITY 




V cc @ +5V dc 

2ppm of F.S./% max 

* 

* 

V cc @ +15V dc 

2ppm of F.S./% max 

* 

* 

V EE @ " 15Vdc 

6ppm of F.S./% max 

* 

* 

TEMPERATURE RANGE 




Operating 

0 to +70° C typ 

-25°C to +85°C 

-55°C to +125°C 

Storage 

-65°C to +150°C typ 

* 

* 

TEMPERATURE COEFFICIENT 




Unipolar Zero 

2ppm of F.S./°C max 

• 

* 

Bipolar Zero 

4ppm of F.S./°C max 

* 

* 

Gain 

5ppm of F.S./°C max 

* 

♦ 

Differential Nonlinearity 

2ppm of F.S./°C 

* 

lppm of F.S./°C 

MONOTONICITY 

Guaranteed Over Full Operating 

* 

* 


Temperature Range 



EXTERNAL ADJUSTMENTS 1 




Gain Error with Fixed 50Q Resistor 

±0.2% of F.S. typ 

* 

♦ 

Bipolar Zero Error with Fixed 




50Q Resistor 

±0.1% of F.S. typ 

* 

* 

Gain Adjustment Range 

±0.25% of F.S. typ 

* 

* 

Binary Bipolar Zero Adjustments 




Range 

±0.25% of F.S. typ 


* 

BCD Bipolar Offset Adjustment 




Range 

±0.17% of F.S. typ 

* 


PROGRAMMABLE OUTPUT 




RANGES 

0 to +5V typ 

* 

* 


-2.5V to +2.5V typ 

* • 

♦ 


0V to +10V typ 

* 

* 


-5V to +5V typ 

* 

* 


-10V to +10V typ 

* 

* 

REFERENCE INPUT 




Input Impedance 

20kQ typ 

* 

* 


•Specifications same as AD562KD. ** Specifications same as AD563KD. *** Specifications same as AD563JD. 1 Device calibrated with internal reference. 
Specifications subject to change without notice. 
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AD562/AD563 


AD563JD/BIN 

AD563KD/BIN 

AD563SD/BIN 

AD563TD/BIN 

AD563JD/BCD 

AD563KD/BCD 

AD563SD/BCD 

AD563TD/BCD 

* 

* 

* 

* 

♦ 

• 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

• 

• 

* 

* 

* 

* 

* 

* 

• 

• 

• 

* 

♦ 

* 

♦ 

• 

* 



* 

♦ 

* 


11/4LSB 

.. 

* * 


11/4LSB 

** 

* * 



* 

* 



* 


15mA typ, 20mA max 

... 

* * * 

* 

* 

3ppm of F.S./% typ, lOppm of F.S./% max 


* * * 

* * * 

3ppm of F.S./% typ, lOppm of F.S./% max 

* * * 

* * * 

* * * 

14ppm of F.S./% typ, 25ppm of F.S./% max 

* * * 

** * 

* * * 

* 

* 

* 

-55°C to +125°C 

-55°C to +125°C 

With Internal Reference 




lppm of F.S./°C typ, 2ppm of F.S./°C max 

♦ * * 

♦ * * 


lOppm of F.S./,C max 

* * * 

* * * 


50ppm of F.S./ C max 

20ppm of F.S./°C max 

30ppm of F.S./ C max 

lOppm of F.S./ C max 

* 


* 



* 

* 


With Fixed 1012 Resistor 
±0.2% of F.S. typ 

* * * 

* * * 

... 

* 

* 

* 


* 




• 




• 



* 




* 

* 


• 

♦ 

• 

* 

* 


* 


* 


• 

• 

• 

* 

5kl2 typ 

* * * 

... 

♦ * * 
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THE AD562/AD563 OFFERS TRUE 12-BIT RESOLUTION 
OVER FULL TEMPERATURE RANGE 

Accuracy: Analog Devices defines accuracy as the maximum 
deviation of the actual DAC output from the ideal analog 
output (a straight line drawn from 0 to F.S. — lLSB)/or 
any bit combination. The AD563, for example, is laser 
trimmed to ^LSB (0.006% of F.S.) maximum error at +25°C 
for K, S and T versions . . . ViLSB for the J version. 

Monotonicity: A DAC is said to be mono tonic if the output 
either increases or remains constant for increasing digital in- 
puts such that the output will always be a single-valued func- 
tion of the input. All versions of the AD562/AD563 are 
monotonic over their full operating temperature range. 

Differential Nonlinearity: Monotonic behavior requires that 
the differential nonlinearity error be < 1LSB both at 25°C 
and over the temperature range of interest. Differential non- 
linearity is the measure of the variation in analog value, nor- 
malized to full scale, associated with a one LSB change in 
digital input code. For example, for a 10V full-scale output, 
a change of one LSB in the digital input code should result 
in a 2.4mV change in the analog output (10V x 1/4096 = 
2.4mV). If in actual use, however, a one LSB change in the 
input code results in a change of 1.3mV in analog output, the 
differential nonlinearity would be l.lmV, or 0.011% of F.S. 
The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity tem- 
perature coefficient of lppm/°C could, under worst case con- 
ditions for a temperature change of +25°C to +125°C, add 
0.01% (100°C x lppm/°C) of error. The resulting error could 
then be as much as 0.006% + 0.01% = 0.016% of F.S. (1LSB 
represents 0.024% of F.S.). All versions of the AD563 are 
100% tested to be monotonic over the full operating tem- 
perature range. 


UNIPOLAR DAC’s 

STEP I . . . OUTPUT RANGE 

Determine the output range required. For +10V F.S., con- 
nect the external operational amplifier output to Pin 10 and 
leave Pin 11 unconnected. For +5V F.S., connect the exter- 
nal op amp output to Pin 10 and short Pin 1 1 to Pin 9. 

STEP II... ZERO ADJUST 

Turn all bits OFF and adjust Ri until op amp output is 0 
volts. 

STEP III .. . GAIN ADJUST 

Turn all bits ON for binary DAC’s (bits 1,4, 5,8, 9 and 12 
ON for BCD DAC’s). Adjust R 2 until op amp output is: 

BINARY BCD 

4.9988V for +5V Range 4.9950 for +5 V Range 
9.9976 for +10V Range 9.9900 for +10V Range 

BIPOLAR DAC’s 

STEP I . . . OUTPUT RANGE 

Determine the output range required. For ±10V F.S., con- 
nect the external op amp output to Pin 1 1 and leave Pin 10 un- 
connected. For ±5V F.S., connect the external op amp out- 
put to Pin 10 and leave Pin 11 unconnected. For ±2.5V F.S., 
connect the external op amp output to Pin 10 and short 
Pin 1 1 to Pin 9. 

STEP II . . . OFFSET ADJUST 

Turn all bits OFF and adjust R 3 until op amp output is: 
-2.5000V for ±2.5V Range 
-5.0000V for ±5 V Range 
-10.0000V for ±10V Range 

STEP III . . . GAIN ADJUST (Bipolar Zero) 

Turn bit 1 ON for Binary DAC’s (bits 2 and 4 ON for BCD 
DAC’s). Adjust R 2 until op amp output is 0 volts. 


ORDERING GUIDE 




TEMP. 

ACCURACY 

GAIN T.C. 

PACKAGE 

MODEL 

INPUT CODE 

RANGE 

@+25°C 

(of F.S./°C) 

OPTION* 

AD562KD/BIN 

Binary 

0 to +70°C 

±1/2LSB max 

5ppm max 

D-24 

AD562KD/BCD 

Binary Coded Decimal 

0 to +70°C 

±1/2LSB max 

5ppm max 

D-24 

AD562AD/BIN 

Binary 

-25°C to +85°C 

±l/2LSBrmax 

5ppm max 

D-24 

AD562AD/BCD 

Binary Coded Decimal 

-25°C to +85°C 

±1/2LSB max 

5ppm max 

D-24 

AD562SD/BIN 

Binary 

-55°C to +125°C 

±1/4LSB max 

5ppm max 

D-24 

AD562SD/BCD 

Binary Coded Decimal 

-55°C to +125°C 

±1/10LSB max 

5ppm max 

D-24 

AD563JD/BIN 

Binary 

0 to +70°C 

±1/2LSB max 

5 Op pm max 

D-24 

AD563JD/BCD 

Binary Coded Decimal 

0 to +70°C 

±1/2LSB max 

50ppm max 

D-24 

AD563KD/BIN 

Binary 

0 to +70°C 

±1/4LSB max 

20ppm max 

D-24 

AD563KD/BCD 

Binary Coded Decimal 

0 to +70°C 

±1/4LSB max 

20ppm max 

D-24 

AD563SD/BIN 

Binary 

-55°C to +125°C 

±1/4LSB max 

30ppm max 

D-24 

AD563SD/BCD 

Binary Coded Decimal 

-55°C to +125°C 

±1/4LSB max 

30ppm max 

D-24 

AD563TD/BIN 

Binary 

-55°C to +125°C 

±1/4LSB max 

lOppm max 

D-24 

AD563TD/BCD 

Binary Coded Decimal 

-55°C to +125°C 

±1/4LSB max 

lOppm max 

D-24 


*See Section 14 for package outline information. 
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FEATURES 

Single Chip Construction 
Very High-Speed Settling to 1/2LSB 
AD565A: 250ns max 
AD566A: 350ns max 
Full-Scale Switching Time: 30ns 

Guaranteed for Operation with ±12V Supplies: AD565A 
with -12V Supply: AD566A 
Linearity Guaranteed Over Temperature: 

1/2 LSB max (K, T Grades) 

Monotonicity Guaranteed Over Temperature 
Low Power: AD566A = 180mW max; 

AD565A = 225mW max 

Use with On-Board High-Stability Reference (AD565A) 
or with External Reference (AD566A) 

Low Cost 


PRODUCT DESCRIPTION 

The AD565A and AD566A are fast 12-bit digital-to-analog 
converters which incorporate the latest advances in analog 
circuit design to achieve high speeds at low cost. 

The AD565A and AD566A use 12 precision, high-speed 
bipolar current-steering switches, control amplifier and a 
laser-trimmed thin-film resistor network to produce a very 
fast, high accuracy analog output current. The AD565A also 
includes a buried zener reference that features low-noise, 
long-term stability and temperature drift characteristics 
comparable to the best discrete reference diodes. 

The combination of performance and flexibility in the 
AD565A and AD566A has resulted from major innovations 
in circuit design, an important new high-speed bipolar pro- 
cess, and continuing advances in laser-wafer-trimming tech- 
niques (LWT). The AD565A and AD566A have a 10-90% 
full-scale transition time less than 35 ns and settle to within 
±1/2LSB in 250ns max (350ns for AD566A). Both are 
laser-trimmed at the wafer level to ±1/8LSB typical linearity 
and are specified to ±1/4LSB max error (K and T grades) at 
+25°C. High speed and accuracy make the AD565A and 
AD566A the ideal choice for high-speed display drivers as 
well as fast analog-to-digital converters. 

The laser trimming process which provides the excellent 
linearity is also used to trim both the absolute value and the 
temperature coefficient of the reference of the AD 56 5 A re- 
sulting in a typical full-scale gain TC of 10 ppm/°C. When 
tighter TC performance is required or when a system refer- 
ence is available, the AD566A may be used with an external 
reference. 

♦Covered by Patent Nos.: 3,803,590; RE 28,633; 4,213,806; 
4,136,349; 4,020,486; 3,747,088. 


High-Speed 12-Bit 
Monolithic D/A Converters 

AD565A*/AD566A* 


AD565A FUNCTIONAL BLOCK DIAGRAM 



GND 


AD566A FUNCTIONAL BLOCK DIAGRAM 


BIPOLAR OFF 



GND 


AD565A and AD566A are available in four performance 
grades. The J and K are specified for use over the 0 to 
+70°C temperature range while the S and T grades are 
specified for the -55°Cto +125°C range. All are packaged 
in a 24-pin, hermetically sealed, ceramic, dual-in-line package. 

PRODUCT HIGHLIGHTS 

1. The wide output compliance rang p of the AD565A and 
AD566A are ideally suited for fast, low noise, accurate 
voltage output configurations without an output amplifier. 

2. The devices incorporate a newly developed, fully differen- 
tial, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562/3 with very fast switching times and an opti- 
mally-damped settling characteristic. 

3. The devices also contain SiCr thin film application resistors 
which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes- 
sive approximation A/D converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for 
minimum full-scale and bipolar offset errors. 
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(T a = + 25°C, V cc = + 15V, V EE = -15V, unless otherwise specified) 


MODEL MIN 

AD565AJ 

TYP 

MAX 

MIN 

AD565AK 

TYP 

MAX 

UNITS 

DATA INPUTS 1 (Pins 13 to 24) 







TTL or 5 Volt CMOS 







Input Voltage 







Bit ON Logic “1” +2.0 


+ 5.5 

+2.0 


+5.5 

V 

Bit OFF Logic “0” 


+0.8 



+0.8 

V 

Logic Current (each bit) 







Bit ON Logic “1” 

+ 120 

+ 300 


+ 120 

+300 

MA 

Bit OFF Logic “0” 

+35 

+ 100 


+35 

+ 100 

MA 

RESOLUTION 


12 


Bits 

OUTPUT 







Current 







Unipolar (all bits on) -1.6 

-2.0 

-2.4 

-1.6 

-2.0 

-2.4 

mA 

Bipolar (all bits on or off) ±0.8 

±1.0 

±1.2 

±0.8 

±1.0 

±1.2 

mA 

Resistance (exclusive of span 







resistors) 6 k 

8k 

10k 

6k 

8k 

10k 

ft 

Offset 







Unipolar 

0.01 

0.05 


0.01 

0.05 

% of F.S. Range 

Bipolar (Figure 3, R 2 = 50 ft fixed) 

0.05 

0.15 

1 

0.05 

0.1 

% of F.S. Range 

Capacitance 

25 



25 


pF 

Compliance Voltage 







Tmin 1:0 ^max -1.5 


+ 10 

-1.5 


+ 10 

V 

ACCURACY (error relative to 







full scale) +25°C 

±1/4 

±1/2 


±1/8 

±1/4 

LSB 


(0.006) 

(0.012) 


(0.003) 

(0.006) 

% of F.S. Range 

Tmin 1° T max 

±1/2 

±3/4 


±1/4 

±1/2 

LSB 


(0.012) 

(0.018) 


(0.006) 

(0.012) 

% of F.S. Range 

DIFFERENTIAL NONLINEARITY 







+25°C 

±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Tmin to T max MONOTONICITY GUARANTEED | 

MONOTONICITY GUARANTEED | 


TEMPERATURE COEFFICIENTS 







With Internal Reference 







Unipolar Zero 

1 

2 


1 

2 

ppm/°C 

Bipolar Zero 

5 

10 


5 

10 

ppm/°C 

Gain (Full Scale) 

15 

50 


10 

20 

ppm/°C 

Differential Nonlinearity 

2 



2 



SETTLING TIME TO 1/2LSB 







All Bits ON-to-OFF or OFF-to-ON 

250 

400 


250 

400 

ns 

FULL SCALE TRANSITION 







10% to 90% Delay plus Rise Time 

15 

30 


15 

30 

ns 

90% to 10% Delay plus Fall Time 

30 

50 


30 

50 

ns 

TEMPERATURE RANGE 







Operating 0 


+ 70 

0 


+ 70 

°C 

Storage -65 


+ 150 

-65 


+ 150 

° c 

POWER REQUIREMENTS 







V cc , +11.4 to +16. 5V dc 

3 

5 


3 

5 

mA 

V EE , -11.4 to -16.5V dc 

-12 

-18 


-12 

-18 

mA 

POWER SUPPLY GAIN SENSITIVITY 2 







V CC = +H.4 to +16.5 Vdc 

3 

10 


3 

10 

ppm of F.S./% 

Vee = -11.4 to -16.5 V dc 

15 

25 


15 

25 

ppm of F.S./% 

PROGRAMMABLE OUTPUT 







RANGE (see Figures 2, 3,4) 

0 to +5 



0 to +5 


V 


-2.5 to +2.5 



-2.5 to +2.5 


V 


0 to +10 



0 to +10 


V 


-5 to +5 



-5 to +5 


V 


-10 to +10 



-10 to +10 


V 

EXTERNAL ADJUSTMENTS 







Gain Error with Fixed 50ft 







Resistor for R2 (Figure 2) 

±0.1 

±0.25 


±0.1 

±0.25 

% of F.S. Range 

Bipolar Zero Error with Fixed 







50ft Resistor for R1 (Figure 3) 

±0.05 

±0.15 


±0.05 

±0.1 

% of F.S. Range 

Gain Adjustment Range (Figure 2) ±0.25 



±0.25 



% of F.S. Range 

Bipolar Zero Adjustment Range ±0. 1 5 



±0.15 



% of F.S. Range 

REFERENCE INPUT 







Input Impedance 15k 

20k 

25k 

15k 

20k 

25k 

ft 

REFERENCE OUTPUT 







Voltage 9.90 

10.00 

10.10 

9.90 

10.00 

10.10 

V 

Current (available for external 







loads) 3 1.5 

2.5 


1.5 

2.5 


mA 

POWER DISSIPATION 

225 

345 


225 

345 

mW 


NOTES 3 For operation at elevated temperatures the reference cannot supply current for 

1 The digital inputs are guaranteed but not tested over the operating temperature range. external loads. It, therefore, should be buffered if additional loads are to be supplied. 
3 The power supply gain sensitivity is tested in reference to a Vcc, VeE of ± 1 5 V dc. Specifications subject to change without notice. 
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AD565A/AD566A 



AD565AS 



AD565AT 



MODEL MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DATA INPUTS 1 (Pins 13 to 24) 







TTL or 5 Volt CMOS 







Input Voltage 







Bit ON Logic “ 1 ” +2.0 


+5.5 

+2.0 


+ 5.5 

V 

Bit OH*' Logic “0” 


+0.8 



+0.8 

V 

Logic Current (each bit) 







Bit ON Logic “1” 

+ 120 

+ 300 


+ 120 

+ 300 

HA 

Bit OFF Logic “0” 

+ 35 

+ 100 


+ 35 

+ 100 


RESOLUTION 


12 

. '2 _ 

Bits 

OUTPUT 







Current 







Unipolar (all bits on) -1.6 

-2.0 

-2.4 

-1.6 

-2.0 

-2.4 

mA 

Bipolar (all bits on or off) ±0.8 

±1.0 

±1.2 

±0.8 

±1.0 

±1.2 

mA 

Resistance (exclusive of span 







resistors) 6 k 

8k 

10k 

6k 

8k 

10k 

a 

Offset 







Unipolar 

0.01 

0.05 


0.01 

0.05 

% of F.S. Range 

Bipolar (Figure 3, R 2 = 50a fixed) 

0.05 

0.15 


0.05 

0.1 

% of F.S. Range 

Capacitance 

25 



25 


pF 

Compliance Voltage 







Tmin to T max -1.5 


+ 10 

-1.5 


+ 10 

V 

ACCURACY (error relative to 







full scale) +25°C 

±1/4 

±1/2 


±1/8 

±1/4 

LSB 


(0.006) 

(0.012) 


(0.003) 

(0.006) 

% of F.S. Range 

T min to T max 

±1/2 

±3/4 


±1/4 

±1/2 

LSB 


(0.012) 

(0.018) 


(0.006) 

(0.012) 

% of F.S. Range 

DIFFERENTIAL NONLINEARITY 







+ 25°C 

±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Tmin to T max MONOTONICITY GUARANTEED 

j MONOTONICITY GUARANTEED 


TEMPERATURE COEFFICIENTS 







With Internal Reference 







Unipolar Zero 

1 

2 


1 

2 

ppm/°C 

Bipolar Zero 

5 

10 


5 

10 

ppm/°C 

Gain (Full Scale) 

15 

30 


10 

15 

ppm/ C 

Differential Nonlinearity 

2 



2 


ppm/°C 

SETTLING TIME TO 1/2LSB 







All Bits ON-to-OFF or OFF-to-ON 

250 

400 


250 

400 

ns 

FULL SCALE TRANSITION 







10% to 90% Delay plus Rise Time 

15 

30 


15 

30 

ns 

90% to 10% Delay plus Fall Time 

30 

50 


30 

50 

ns 

TEMPERATURE RANGE 







Operating -55 


+ 125 

-55 


+ 125 

°C 

Storage -65 


+ 150 

-65 


+ 150 

°C 

POWER REQUIREMENTS 







V cc , +11.4 to +16. 5V dc 

3 

5 


3 

5 

mA 

V EE , -11.4 to -16.5V dc 

-12 

-18 


-12 

-18 

mA 

POWER SUPPLY GAIN SENSITIVITY 2 







V C c = +11.4 to +16. 5 V dc 

3 

10 


3 

10 

ppm of F.S./% 

Vee = -11.4 to -16.5V dc 

15 

25 


15 

25 

ppm of F.S./% 

PROGRAMMABLE OUTPUT 







RANGES (see Figures 2, 3, 4) 

0 to +5 



0 to +5 


V 


-2.5 to +2.5 



-2.5 to +2.5 


V 


0 to +10 



0 to +10 


V 


-5 to +5 



-5 to +5 


V 


-10 to +10 



-10 to +10 


V 

EXTERNAL ADJUSTMENTS 







Gain Error with Fixed 50Q 







Resistor for R2 (Figure 2) 

±0.1 

±0.25 


±0.1 

±0.25 

% of F.S. Range 

Bipolar Zero Error with Fixed 







50Q Resistor for R1 (Figure 3) 

±0.05 

±0.15 


±0.05 

±0.1 

% of F.S. Range 

Gain Adjustment Range (Figure 2) ±0.25 



±0.25 



% of F.S. Range 

Bipolar Zero Adjustment Range ±0. 1 5 



±0.15 



% of F.S. Range 

REFERENCE INPUT 







Input Impedance 15k 

20k 

25k 

15k 

20k 

25k 

a 

REFERENCE OUTPUT 







Voltage 9.90 

10.00 

10.10 

9.90 

10.00 

10.10 

V 

Current (available for external 







loads) 3 1.5 

2.5 


1.5 

2.5 


mA 

POWER DISSIPATION 

225 

345 


225 

345 

mW 


Specifications shown in boldface are tested on all production units at 
final electrical test. Results from those tests are used to calculate out- 
going quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production 
units. 
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SPECIFICATIONS 



OUTPUT 

Current 

Unipolar (all bits on) 
Bipolar (all bits on or off) 
Resistance (exclusive of span 
resistors) 

Offset 

Unipolar (adjustable to 
zero per Figure 3) 
Bipolar (Figure 4 Ri and 
R 2 = 50ft fixed) 
Capacitance 
Compliance Voltage 
Tmin to T max 


ACCURACY (error relative to 
full scale) +25°C 


DIFFERENTIAL NONLINEARITY 
+25°C 

Tmin T m ax 


TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 

Differential Nonlinearity 


otherwise specified) 


AD566AK 


MIN 

TYP 

MAX 

+2.0 


+5.5 

0 


+0.8 


+ 120 

+300 


+35 

+100 

» 1 

-1.6 

-2.0 

-2.4 

±0.8 

±1.0 

±1.2 

6k 

8k 

10k 


0.01 

0.05 


0.05 

0.1 


25 


-1.5 


+ 10 


±1/8 

±1/4 


(0.003) 

(0.006) 


±1/4 

±1/2 


(0.006) 

(0.012) 



LSB 

% of F.S.R. 
LSB 

% of F.S.R. 


MONOTONICITY GUARANTEED 


MONOTONICITY GUARANTEED 


SETTLING TIME TO 1/2LSB 

All Bits ON-to-OFF or OFF-to-ON (Figure 8) 

250 

350 

250 

350 

FULL SCALE TRANSITION 

10% to 90% Delay plus Rise Time 

15 

30 

15 

30 

90% to 10% Delay plus Fall Time 

30 

50 

30 

50 



POWER REQUIREMENTS 
V EE) -11.4 to -16.5V dc 


POWER SUPPLY GAIN SENSITIVITY : 
V EE = -11.4 to -16.5V dc 


PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 



POWER DISSIPATION 


MULTIPLYING MODE PERFORMANCE (All Models) 

Quadrants Two (2 

Reference Voltage +1V to 

Accuracy 10 Bits 

Reference Feedthrough (unipolar mode, 

all bits OFF, and 1 to +10V [p-p], sinewave 
frequency for 1/2LSB lp-pj feedthrough) 40kHz typ 

Output Slew Rate 10%-90% 5mA/jxs 

90%-10% ImA/Ms 

Output Settling Time (all bits on and a 0— 10V 

step change in reference voltage) 1.5ns t 


CONTROL AMPLIFIER 

Full Power Bandwidth 300kH; 

Small-Signal Closed-Loop Bandwidth 1.8MH: 


NOTES 

1 The digital input levels are guaranteed but not tested over the temperature range. 
a The power supply gain sensitivity is tested in reference to a VEE of -1 5 V dc. 
Specifications subject to change without notice. 


Two (2): Bipolar Operation at Digital Input Only 
+ 1V to+lOV, Unipolar 

10 Bits (±0.05% of Reduced F.S.) for IV dc Reference Voltage 


1.5ms to 0.01% F.S. 
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AD565A/AD566A 




AD566AS 



AD 5 66 AT 



MODEL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DATA INPUTS 1 (Pins 13 to 24) 








TTL or 5 Volt CMOS 








Input Voltage 








Bit ON Logic “1” 

+2.0 


+5.5 

+2.0 


+5.5 

V 

Bit OFF Logic “0” 

0 


+0.8 

0 


+0.8 

V 

Logic Current (each bit) 








Bit ON Logic “1” 


+ 120 

+300 


+ 120 

+300 

ma 

Bit OFF Logic “0” 


+ 35 

+100 


+ 35 

+ 100 

AiA 

RESOLUTION 



12 

n » 1 

Bits 

OUTPUT 








Current 








Unipolar (all bits on) 

-1.6 

-2.0 

-2.4 

-1.6 

-2.0 

-2.4 

mA 

Bipolar (all bits on or off) 

±0.8 

±1.0 

±1.2 

±0.8 

±1.0 

±1.2 

mA 

Resistance (exclusive of span 








resistors) 

6k 

8k 

10k 

6k 

8k 

10k 

n 

Offset 








Unipolar (adjustable to 








zero per Figure 3) 


0.01 

0.05 


0.01 

0.05 

% of F.S.R. 

Bipolar (Figure 4 Rj and 








R 2 = 50fi fixed) 


0.05 

0.15 


0.05 

0.1 

% of F.S.R 

Capacitance 


25 



25 


pF 

Compliance Voltage 








Tmin to T max 

-1.5 


+ 10 

-1.5 


+ 10 

V 

ACCURACY (error relative to 








full scale) +25°C 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 



(0.006) 

(0.012) 


(0.003) 

(0.006) 

% of F.S.R. 

Tmin to T ma x 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 



(0.012) 

(0.018) 


(0.006) 

(0.012) 

% of F.S.R. 

DIFFERENTIAL NONLINEARITY 








f25°C 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Tmin to T max 

MONOTONICITY GUARANTEED 

| MONOTONICITY GUARANTEED | 


TEMPERATURE COEFFICIENTS 








Unipolar Zero 


1 

2 


1 

2 

ppm/ C 

Bipolar Zero 


5 

10 


5 

10 

ppm/ C 

Gain (Full Scale) 


7 

10 


3 

5 

ppm/ C 

Differential Nonlinearity 


2 



2 


ppm/ C 

SETTLING TIME TO 1/2LSB 








All Bits On-to-OFF orOFF-to-ON (Figure 8) 


250 

350 


250 

350 

ns 

FULL SCALE TRANSITION 








10% to 90% Delay plus Rise Time 


15 

30 


15 

30 

ns 

90% to 10% Delay plus Fall Time 


30 

50 


30 

50 

ns 

POWER REQUIREMENTS 








V EE , -11.4 to -16.5V dc 


-12 

-18 


-12 

-18 

m A 

POWER SUPPLY GAIN SENSITIVITY 2 








V EE = -11.4 to -16.5V dc 


15 

25 


15 

25 

ppm of F.S./% 

PROGRAMMABLE OUTPUT 








RANGE (see Figures 3, 4, 5) 


0 to +5 



0 to +5 


V 



-2.5 to +2.5 



-2.5 to +2.5 


V 



0 to +10 



0 to +10 


V 



-5 to +5 



-5 to +5 


V 



-10 to +10 



-10 to +10 


V 

EXTERNAL ADJUSTMENTS 








Gain Error with Fixed 50Q 








Resistor R2 (Figure 3) 


±0.1 

±0.25 


±0.1 

±0.25 

% of F.S.R. 

Bipolar Zero Error with Fixed 








50£2 Resistor for R1 (Figure 4) 


±0.05 

±0.15 


±0.05 

±0.1 

% of F.S.R. 

Gain Adjustment Range (Figure 3) 

±0.25 



±0.25 



% of F.S.R. 

Bipolar Zero Adjustment Range 

±0.15 



±0.15 



% of F.S.R. 

REFERENCE INPUT 








Input Impedance 

15k 

20k 

25k 

15k 

20k 

25k 

Q 

POWER DISSIPATION 


180 

300 


180 

300 

mW 


MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 
Accuracy 

Reference Feedthrough (unipolar mode, 

all bits OFF, and 1 to +10V [p-p) , sinewave 
frequency for 1/2LSB [p-p] feedthrough) 

Output Slew Rate 10%-90% 

90%-10% 

Output Settling Time (all bits on and a 0— 10V 
step change in reference voltage) 


Two (2): Bipolar Operation at Digital Input Only 
+ 1V to +10V, Unipolar 

10 Bits (±0.05% of Reduced F.S.) for IV dc Reference Voltage 


40kHz typ 

5mA//us 

ImA/pis 

l.Sfxs to 0.01% F.S. 


CONTROL AMPLIFIER 

Full Power Bandwidth 300kHz 

Small-Signal Closed-Loop Bandwidth 1.8MHz 

Specifications subject to change without notice. Specifications shown in boldface are tested on all production units at although only those shown in boldface are tested on all production 

final electrical test. Results from those tests are used to calculate out- units, 

going quality levels. All min and max specifications are guaranteed, 
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ABSOLUTE MAXIMUM RATINGS 


V C c to Power Ground OV to + 18V 

V EE to Power Ground (AD565A) OV to - 18V 

Voltage on DAC Output (Pin 9) - 3V to + 12V 

Digital Inputs (Pins 13 to 24) to 

Power Ground -1.0Vto+7.0V 

Ref in to Reference Ground ± 12V 

Bipolar Offset to Reference Ground ± 12V 

10V Span R to Reference Ground ± 12V 

20V Span R to Reference Ground ± 24V 


Ref out (AD565A) Indefinite Short to Power Ground 


Momentary Short to Vcc 
Power Dissipation lOOOmW 


PIN DESIGNATIONS 


NC 

NC 

V C c 

REF OUT (+10V±1%) 
REFERENCE GND 
REFERENCE IN 
-V EE 

BIPOLAR OFFSET IN 
DAC OUT (-2mA F.S.) 

10V SPAN R 
20V SPAN R 
POWER GND 


• PIN 1 

IDENTIFIER 


AD565A 

TOP VIEW 
(Not to Scale) 


BIT 

1 

IN (MSB) 

BIT 

2 

IN 

BIT 

3 

IN 

BIT 

4 

IN 

BIT 

5 

IN 

BIT 

6 

IN 

BIT 

7 

IN 

BIT 

8 

IN 

BIT 

9 

IN 

BIT 

10 

IN 

BIT 

11 

IN 

BIT 

12 

IN (LSB) 


NC 

NC 

REFERENCE GND 

AMP SUMMING 
JUNCTION 

REFERENCE V HI IN 

-Vee -15V IN 
(20mA) 

BIPOLAR OFFSET R IN 
NC 

DAC OUT (-2mA F.S.) 
10V SPAN R 
20V SPAN R 
POWER GND 


• PIN 1 

IDENTIFIER 


AD566A 

TOP VIEW 
(Not to Scale) 


BIT 1 IN (MSB) 
BIT 2 IN 
BIT 3 IN 
BIT 4 IN 
BIT 5 IN 
BIT 6 IN 
BIT 7 IN 
BIT 8 IN 
BIT 9 IN 
BIT 10 IN 
BIT 11 IN 
BIT 12 IN (LSB) 


AD565A ORDERING GUIDE 


Model 


Package 

Option* 


Linearity 

Error Max Max Gain T.C. 
Temp. Range @25°C (ppmofF.S./°C) 


AD565AJD/BIN 

AD565AKD/BIN 

AD565ASD/BIN 

AD565ATD/BIN 


Ceramic (D-24) 
Ceramic (D-24) 
Ceramic (D-24) 
Ceramic (D-24) 


0 to + 70°C 
0 to + 70°C 
-55°Cto + 125°C 
— 55°Cto 1125°C 


± 1/2LSB 
± 1/4LSB 
± 1/2LSB 
± 1/4LSB 


50 

20 

30 

15 


*See Section 14 for package outline information. 


AD566A ORDERING GUIDE 


Model 


Package 

Option* Temp. Range 


Linearity 

Error Max Max Gain T.C. 
@ + 25°C (ppm ofF.S./°C) 


AD566AJD/BIN 

AD566AKD/BIN 

AD566ASD/BIN 

AD566ATD/BIN 


Ceramic (D-24) 
Ceramic (D-24) 
Ceramic (D-24) 
Ceramic (D-24) 


0 to + 70°C 
0 to + 70°C 
-55°Cto +125°C 
- 55°Cto 4- 125°C 


± 1/2LSB 
± 1/4LSB 
± 1/2LSB 
± 1/4LSB 


10 

3 

10 

3 


*See Section 14 for package outline information. 
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Applying the AD565A/AD566A 


GROUNDING RULES 

The AD565A and AD566A bring out separate reference and 
power grounds to allow optimum connections for low noise 
and high-speed performance. These grounds should be tied 
together at one point, usually the device power ground. The 
separate ground returns are provided to minimize current 
flow in low-level signal paths. In this way, logic return 
currents are not summed into the same return path with 
analog signals. 

CONNECTING THE AD565A FOR BUFFERED VOLTAGE 
OUTPUT 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim- 
ming techniques. If a low offset operational amplifier ( AD5 10L, 
AD517L, AD741L, AD301AL, AD OP-07) is used, excellent 
performance can be obtained in many situations without trim- 
ming (an op amp with less than 0.5mV max offset voltage 
should be used to keep offset errors below 1/2LSB). If a 50ft 
fixed resistor is substituted for the 100£2 trimmer, unipolar 
zero will typically be within ±1/2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1% (0.25% max). 
Substituting a 50£2 resistor for the 10012 bipolar offset trim- 
mer will give a bipolar zero error typically within ±2LSB 
(0.05%). 

The AD509 is recommended for buffered voltage-output appli- 
cations which require a settling time to ±1/2LSB of one micro- 
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compen- 
sate for the 25 picofarad DAC output capacitance. 

FIGURE 1. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 8, should be 
grounded if not used for trimming. 

STEP I . . . ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer Rl, until the out- 
put reads 0.000 volts ( 1 LSB = 2.44m V). In most cases this trim 
is not needed, but pin 8 should then be connected to pin 12. 

STEP II . . . GAIN ADJUST 

Turn all bits ON and adjust 100f2 gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.2375V full scale is 
desired (exactly 2.5mV/bit), insert a 12012 resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 2. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all l’s). 

STEP I . . . OFFSET ADJUST 

Turn OFF all bits. Adjust 100£2 trimmer Rl to give -5.000 
volts output. 

STEP II . . . GAIN ADJUST 

Turn ON All bits. Adjust 10012 gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob- 
tain full accuracy at room temperature. In most bipolar situa- 
tions, an op amp trim is unnecessary unless the untrimmed off- 
set drift of the op amp is excessive. 


FIGURE 3. OTHER VOLTAGE RANGES 
The AD565A can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a 5 volt span (0 to +5 or ±2.5), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
for the bipolar range. For the ±10 volt range (20 volt span) 
use the 5k resistors in series by connecting only pin 11 to the 
op amp output and the bipolar offset connected as shown. 

The ±10 volt option is shown in Figure 3. 

+15V 
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CONNECTING THE AD566A FOR BUFFERED VOLTAGE 
OUTPUT 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(AD510L, AD517L, AD741L, AD301AL, AD OP-07) is used, 
excellent performance can be obtained in many situations 
without trimming (an op amp with less than 0.5mV max off- 
set voltage should be used to keep offset errors below 1/2LSB). 

If a 50£2 fixed resistor is substituted for the 100S2 trimmer, 
unipolar zero will typically be within ±1/2LSB (plus op amp 
offset), and full scale accuracy will be within 0.1% (0.25% 
max). Substituting a 50S2 resistor for the 100S2 bipolar off- 
set trimmer will give a bipolar zero error typically within 
±2LSB (0.05%). 

The AD509 is recommended for buffered voltage-output ap- 
plications which require a settling time to ±1/2LSB of one 
microsecond. The feedback capacitor is shown with the op- 
timum value for each application; this capacitor is required to 
compensate for the 25 picofarad DAC output capacitance. 

FIGURE 4. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 7, should be 
grounded if not used for trimming. 

STEP I . . . ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer, Rl, until the output 
reads 0.000 volts (1LSB = 2.44mV). In most cases this trim 
is not needed, but pin 7 should then be connected to pin 12. 
STEP II . . . GAIN ADJUST 

Turn all bits ON and adjust 100£2 gain trimmer, R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.2375V full scale is 
desired (exactly 2.5mV/bit), insert a 120£2 resistor in series 
with the gain resistor at pin 10 to the op amp output. 

FIGURE 5. BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all l’s). 

STEP I . . . OFFSET ADJUST 

Turn OFF all bits. Adjust 100£2 trimmer Rl to give -5.000 
output volts. 

STEP II . . . GAIN ADJUST 

Turn ON all bits. Adjust 10012 gain trimmer R2 to give a 
reading of +4.9976 volts. 

Please note that it is not necessary to trim the op amp to ob- 
tain full accuracy at room temperature. In most bipolar situa- 
tions, an op amp trim is unnecessary unless the untrimmed off- 
set drift of the op amp is excessive. 

FIGURE 6. OTHER VOLTAGE RANGES 
The AD566A can also be easily configured for a unipolar 0 to 
+5 volt range or ±2.5 volt and ±10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a 5 volt span (0 to +5V or±2.5V), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the bi- 
polar offset resistor either to ground for unipolar or to Vref 


for the bipolar range. For the ±10 volt range (20 volt span) use 
the 5k resistors in series by connecting only pin 11 to the op 
amp output and the bipolar offset connected as shown. The 
±10 volt option is shown in Figure 6. 


DIGITAL INPUT 


ANALOG OUTPUT 


MSB 


LSB Straight Binary Offset Binary 


Two’s Compl.* 


000000000000 

011111111111 

100000000000 

111111111111 


Zero 

Mid Scale -1LSB 
+ 1/2 FS 
+FS -1LSB 


-Full Scale Zero 

Zero -1 LSB +FS-1LSB 

Zero -FS 

+ Full Scale -1LSB Zero -1LSB 


•Invert the MSB of the offset binary code with an external 
inverter to obtain two’s complement. 

Table I. Digital Input Codes 

+15 V 





Figure 6. ±10V Voltage Output 
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ANALOG 

DEVICES 



1 2-Bit Ultrahigh Speed 
Monolithic D/A Converter 


AD568 


FEATURES 

Ultrahigh Speed: Current Settling to 1LSB in 35ns 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
10.24mA Full-Scale Output Suitable for Video 
Applications 

Integral and Differential Linearity Guaranteed Over 
Temperature 

0.3" “Skinny DIP" Packaging 
Variable Threshold Allows TTL and CMOS 
Interface 



PRODUCT DESCRIPTION 

The AD568 is an ultrahigh-speed, 12-bit digital-to-analog con- 
verter (DAC) settling to 0.025% in 35ns. The monolithic device 
is fabricated using Analog Devices’ Complementary Bipolar 
(CB) Process. This is a proprietary process featuring high-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation or multichip hybrid techniques. The high 
speed of the AD568 is maintained by keeping impedance levels 
low enough to minimize the effects of parasitic circuit 
capacitances. 

The DAC consists of 16 current sources configured to deliver a 
10.24mA full-scale current. Multiple matched current sources 
and thin-film ladder techniques are combined to produce bit 
weighting. The DAC’s output is a 10.24mA full scale (FS) for 
current output applications or a 1 .024V FS unbuffered voltage 
output. Additionally, a 10.24V FS buffered output may be 
generated using an onboard lkfl span resistor with an external 
op amp. Bipolar ranges are accomplished by pin strapping. 

Laser wafer trimming insures full 12-bit linearity. All grades of 
the AD568 are guaranteed monotonic over their full operating 
temperature range. Furthermore, the output resistance of the 
DAC is trimmed to 100H ± 1 .0%. The gain temperature coefficient 
of the voltage output is 30ppm/°C max (K). 

The AD568 is available in three performance grades. The 
AD568JQ and KQ are available in 24-pin cerdip (0.3") packages 
and are specified for operation from 0 to + 70°C. The AD568SQ 
features operation from - 55°C to + 125°C and is also packaged 
in the hermetic 0.3" cerdip. 


PRODUCT HIGHLIGHTS 

1 . The ultrafast settling time of the AD568 allows leading edge 
performance in waveform generation, graphics display and 
high-speed A/D conversion applications. 

2. Pin strapping provides a variety of voltage and current output 
ranges for application versatility. Tight control of the absolute 
output current reduces trim requirements in externally-scaled 
applications. 

3. Matched on-chip resistors can be used for precision scaling 
in high-speed A/D conversion circuits. 

4. The digital inputs are compatible with TTL and + 5 V CMOS 
logic families. 

5. Skinny DIP (0.3") packaging minimiz es board space require- 
ments and eases layout considerations. 
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(@ T a = +25°C, V cc , V BE = ± 15V unless otherwise noted) 


Model 

Min 

AD568J 

Typ 

Max 

AD568K 

Min Typ Max 

Min 

AD568S 

Typ 

Max 

- 

Units 

RESOLUTION 

12 1 

12 

L 12 1 

Bits 

ACCURACY 1 










Linearity 

- 1/2 


+ 1/2 

- 1/4 

+ 1/4 

- 1/2 


+ 1/2 

LSB 

Tmin T max 

- 3/4 


+ 3/4 

- 1/2 

+ 1/2 

- 3/4 


+ 3/4 

LSB 

Differential Nonlinearity 

-1 


+ 1 

- 1/2 

+ 1/2 

-1 


+ 1 

LSB 

Tmin tO T max 

-1 


+ 1 

-1 

+ 1 

-1 


-1 

LSB 

Monotonicity 


GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE 


Unipolar Offset 

- 0,2 


+ 0.2 

* 

it 

* 


* 

%ofFSR 

Bipolar Offset 

- 1.0 


+ 1.0 

* 

* 

* 


* 

%ofFSR 

Bipolar Zero 

- 0.2 


+ 0.2 

★ 

* 

* 


* 

%ofFSR 

Gain Error 

- 1.0 


+ 1.0 

* 

* 

★ 


* 

% ofFSR 

TEMPERATURE COEFFICIENTS 2 










Unipolar Offset 

-5 


+ 5 

-3 

+ 3 

-5 


+ 5 

ppmofFSR/°C 

Bipolar Offset 

-30 


+ 30 

-20 

+ 20 

-30 


+ 30 

ppmofFSR/°C 

Bipolar Zero 

-15 


+ 15 

* 

* 

* 


* 

ppmofFSR/°C 

Gain Drift 

-50 


+ 50 

-30 

+ 30 

-50 


+ 50 

ppmofFSR/°C 

Gain Drift (Iout) 

-150 


+ 150 

* 

it 

* 


★ 

ppmofFSR/°C 

DATA INPUTS 










Logic Levels (Tmin to T ma x) 










Vih 

2.0 


7.0 

it 

it 

* 


★ 

V 

Vn. 

0.0 


0.8 

* 

* 

* 


★ 

V 

Logic Currents (T min to T max ) 










Iih 

-10 

0 

+ 10 

it ir 

★ 

* 

* 

★ 

^A 

Li. 

- 0.5 

-60 

-100 

★ ★ 

★ 

* 

-100 

-200 

M-A 

V T h Pin Voltage 


1-4 


* 



★ 


V 

CODING 

BINARY, OFFSET BINARY 


CURRENT OUTPUT RANGES 

0 to 10.24, ±5.12 

mA 

VOLTAGE OUTPUT RANGES 

Oto 1.024, ±0.512 

V 

COMPLIANCE VOLTAGE 

-2 


+ 1.2 

★ 

* 

★ 


* 

V 

OUTPUT RESISTANCE 










Exclusive of Rl 

160 

200 

240 

* 



★ 


n 

Inclusive ofRi, 

99 

100 

101 

★ 



* 


n 

SETTLING TIME 










Current to 










±0.025% 


35 


★ 



* 


ns to 0.025% ofFSR 

±0.1% 


23 


★ 



★ 


ns to 0.1% ofFSR 

Voltage 










50il Load 3 , 0.512V p-p, 










to 0.025% 


37 


★ 



★ 


ns to 0.025% ofFSR 

to 0.1% 


25 


* 



* 


ns to 0.1% ofFSR 

to 1% 


18 


* 



★ 


ns to 1% ofFSR 

7511 Load 3 , 0.768V p-p. 










to 0.025% 


40 


* 



* 


ns to 0.025% ofFSR 

to 0.1% 


25 


★ 



* 


ns to 0.1% ofFSR 

to 1% 


20 


* 



* 


ns to 1% ofFSR 

100G (Internal R L ) 3 , 1 .024V p-p, 










to 0.025% 


50 


★ 



it 


ns to 0.025% ofFSR 

to 0.1% 


38 


* 



★ 


ns to 0.1% ofFSR 

to 1% 


24 


★ 



* 


ns to 1% ofFSR 

Glitch Impulse 4 


350 


★ 
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pV-sec 

Peak Amplitude 


15 


★ 
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% ofFSR 

FULL-SCALE TRANSITION 5 










10% to 90% Rise Time 


11 
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ns 

90% to 10% Fall Time 


11 


* 
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ns 

POWER REQUIREMENTS 










+ 13.5V to + 16.5V 


27 

32 

* 

* 


* 

it 

mA 

-13.5V to- 16.5V 


-7 

-8 

★ 

★ 


it 

it 

mA 

Power Dissipation 


525 

625 

* 

* 


it 

it 

mW 

PSRR 



0.05 


ir 



* 

%ofFSR/V 

TEMPERATURE RANGE 










Rated Specification 2 




0 

70 

— 55 


+ 125 

°C 

Storage 

i -« 


+ 150 

★ 

★ 

★ 


★ 

°c 


NOTES 

*Sameas AD568J. 

‘Measured in I 0 ut mode. 

2 Measured in Vout mode, unless otherwise specified. See text for further information. 
3 Total Resistance. Refer to Figure 3. 


4 At the major carry, driven by HCMOS logic. See text for further explanation. 
s Measured in V OU t mode. 

Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 
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^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ORDERING GUIDE 


Model 

Package 

Option* 

Temperature 
Range °C 

Linearity 
Error Max. 
@25°C 

Voltage 
GainT.C. 
Max ppm/°C 

AD568JQ 

24- Lead Cerdip (Q-24) 

0 to + 70 

±1/2 

±50 

AD568KQ 

24-Lead Cerdip (Q-24) 

Oto +70 

±1/4 

±30 

AD568SQ 

24-Lead Cerdip (Q-24) 

-55 to +125 

±1/2 

±50 


*See Section 14 for package outline information. 
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Definitions 


Connecting the AD568 


LINEARITY ERROR (also called INTEGRAL NON- 
LINEARITY OR INL): Analog Devices defines linearity 
error as the maximum deviation of the actual analog output 
from the ideal output (a straight line drawn from 0 to 
FS — 1LSB) for any bit combination expressed in multiples 
of 1LSB. The AD568 is laser trimmed to 1/4LSB (0.006% of 
FS) maximum linearity error at + 25°C for the K version and 
1/2LSB for the J and S versions. 

DIFFERENTIAL LINEARITY ERROR (also called 
DIFFERENTIAL NONLINEARITY or DNL): DNL is 
the measure of the variation in analog value, normalized to 
full scale, associated with a 1LSB change in digital input 
code. Monotonic behavior requires that the differential linearity 
error not exceed 1LSB in the negative direction. 

MONOTONICITY : A DAC is said to be monotonic if the 
output either increases or remains constant as the digital 
input increases. 

UNIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (0V or 0mA) when the inputs are set 
to all Os is called unipolar offset error. 

BIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (negative half-scale) when the inputs 
are set to all Os is called bipolar offset error. 

BIPOLAR ZERO ERROR: The deviation of the analog 
output from the ideal half-scale output of 0V (or 0mA) for 

bipolar mode when only the MSB is on (100 00) is called 

bipolar zero error. 

GAIN ERROR: The difference between the ideal and actual 
output span of FS — 1LSB, expressed in % of FS, or LSB, 
when all bits are on. 

GLITCH IMPULSE: Asymmetrical switching times in a 
DAC give rise to undesired output transients which are quan- 
tified by their glitch impulse. It is specified as the net area of 
the glitch in nV-sec or pA-sec. 
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Figure 2. AD568 Glitch Impulse 

COMPLIANCE VOLTAGE: The range of allowable voltage 
at the output of a current-output DAC which will not degrade 
the accuracy of the output current. 

SETTLING TIME: The time required for the output to 
reach and remain within a specified error band about its final 
value, measured from the digital input transition. 


UNBUFFERED VOLTAGE OUTPUT 
Unipolar Configuration 

Figure 3 shows the AD568 configured to provide a unipolar 0 to 
+ 1 .024V output range. In this mode, the bipolar offset terminal, 
Pin 21, should be grounded if not used for offset trimming. 

The nominal output impedance of the AD568 with Pin 19 grounded 
has been trimmed to 10012, ±1%. Other output impedances can 
be generated with an external resistor, Rext? between Pins 19 
and 20. An Rext equalling 30012 will yield a total output resistance 
of 7512, while an R E xt of 10012 will provide 5012 of output 
resistance. Note that since the full-scale output current of the 
DAC remains 10.24mA, changing the load impedance changes 
the unbuffered output voltage accordingly. Settling time and 
full-scale range characteristics for these load impedances are 
provided in the specifications table. 


+ 15V - 15V 



Figure 3. Unipolar Output Unbuffered 0 to + 1.024V 
Bipolar Configuration 

Figure 4 shows the connection scheme used to provide a bipolar 
output voltage range of 1.024V. The bipolar offset ( -0.512V) 
occurs when all bits are OFF (00 . . . 00), bipolar zero (0V) 


+ 15V -15V 
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occurs when the MSB is ON with all other bits OFF (10 . . . 
00), and full-scale minus 1LSB (0.51175V) is generated when all 
bits are ON (11 . . . 11). Figure 5 shows an optional bipolar 
mode with a 2.048V range. The scale factor in this mode will 
not be as accurate as the configuration shown in Figure 4, because 
the laser-trimmed resistor R L is not used. 

Figure 4 also demonstrates how the internal span resistor may 
be used to bias the Vth pin (Fin 13) from a 5V supply. This 
eliminates the requirement for an external R TH in applications 
that do not require the precision span resistor. 

+ 15V -15V 



Figure 5. Bipolar Output Unbuffered ± 1.024V 

Optional Gain and Zero Adjustment 

The gain and offset are laser trimmed to minimize their effects 
on circuit performance. However, in some applications, it may 
be desirable to externally reduce these errors further. In those 
cases, the following procedures are suggested. 

UNIPOLAR MODE: (Refer to Figure 6) 

Step 1 - Set all bits (BIT 1-BIT 12) to Logic “0” (OFF) - note 
the output voltage. This is the offset error. 

Step 2 - Set all bits to Logic “1” (ON). Adjust the gain trim 
resistor so that the output voltage is equal to the desired full 
scale minus 1LSB plus the offset error measured in step 1. 

Step 3 - Reset all bits to Logic “0” (OFF). Adjust the offset 
trim resistor for 0V output. 



BIPOLAR MODE (Refer to Figure 7) 

Step 1 - Set bits to offset binary “zero” (10 . . . 00). Adjust the 
zero resistor to produce 0V at the DAC output. This removes 
the bipolar zero error. 

Step 2 - Set all bits to Logic “1” (ON). Adjust gain trim resistor 
so the output voltage is equal to the desired full-scale minus 
1LSB. 

Step 3 - (Optional) If precise trimming of the bipolar offset is 
preferred to trimming of bipolar zero: set all bits to Logic “0” 
(OFF). Trim the zero resistor to produce the desired negative 
full scale at the DAC output. 

Note: this may slightly compromise the bipolar zero trim. 



Figure 7. Bipolar Unbuffered Gain and Zero Adjust 

BUFFERED VOLTAGE OUTPUT 

For full-scale outputs of greater than IV, some type of external 
buffer amplifier is required. The AD840 fills this requirement 
perfectly, settling to 0.025% from a 10V full-scale step in less 
than 100ns. 

A lkO span resistor has been provided on chip for use as a 
feedback resistor in buffered applications. Using Rspan (Pins 
15, 16) introduces a lOOmW code-dependent power source onto 
the chip which may generate a slight degradation in linearity. 
Maximum linearity performance can be realized by using an 
external span resistor. 

Unipolar Inverting Configuration 

Figure 8 shows the connections for producing a — 10.24V full-scale 
swing. This configuration uses the AD568 in the current output 
mode into a summing junction at the inverting input terminal of 
the external op amp. With the load resistor R L grounded, the 
DAC has an output impedance of 10011. This produces a noise 
gain of 1 1 from the noninverting terminal of the op amp, and 
hence, satisfies the stability criterion of the AD840 (stable at a 
gain of 10). The addition of a 5pF compensation capacitor across 
the lkH feedback resistor produces optimal settling. Lower 
noise gain can be achieved by connecting R L to I 0 ut> increasing 
the DAC output impedance to approximately 200fi, and reducing 
the noise gain to 6 (illustrated in Figure 9). While the output in 
this configuration will feature improved noise performance, it is 
somewhat less stable and may suffer from ringing. The compen- 
sation capacitance should be increased to 7pF to maintain stability 
at this reduced gain. 
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+ 15V -15V 



Figure 8. Unipolar Output Buffered 0 to - 10.24V 
Bipolar Inverting Configuration 

Figure 9 illustrates the implementation of a +5. 12V to -5.12V 
bipolar range, achieved by connecting the bipolar offset current, 
Ibpoj to the summing junction of the external amplifier. Note 
that since the amplifier is providing an inversion, the full-scale 
output voltage is -5.12V, while the bipolar offset voltage (all 
bits OFF) is +5. 12V at the amplifier output. 


+ 15V -15V 



Figure 9. Bipolar Output Buffered ±5. 12V 

Noninverting Configuration 

If a positive full-scale output voltage is required, it can be im- 
plemented using the AD568 in the unbuffered voltage output 
mode followed by the AD840 in a noninverting configuration 
(Figure 10). The noise gain of this topology is 10, requiring 
only 5pF across the feedback resistor to optimize settling. 


+ 15V -15V 



Figure 10. Unipolar Output Buffered 0 to + 10.24V 


Guidelines for Using the AD568 


The designer who seeks to combine high speed with high precision 
faces a challenging design environment. Where tens of milliam- 
peres are involved, fractions of an ohm of misplaced impedance 
can generate several LSBs of error. Increasing bandwidths make 
formerly negligible parasitic capacitances and inductances signif- 
icant. As system performance reaches and exceeds that of the 
measurement equipment, time-honored test methods may no 
longer be trustworthy. The DAC’s placement on the boundary 
between the analog and digital domains introduces additional 
concerns. Proper RF techniques must be used in board design, 
device selection, supply bypassing, grounding, and measurement 
if optimal performance is to be realized. The AD568 has been 
configured to be relatively easy to use, even in some of the more 
treacherous applications. The device characteristics shown in 
this datasheet are readily achievable if proper attention is paid 
to the details. Since a solid understanding of the circuit involved 
is one of the designer’s best weapons against the difficulties of 
RF design, the following sections provide illustrations, explana- 
tions, examples, and suggestions to facilitate successful design 
with the AD568. 

Current Output vs. Voltage Output 

As indicated in Figures 3 through 10, the AD568 has been 
designed to operate in several different modes depending on the 
external circuit configuration. While these modes may be 
categorized by many different schemes, one of the most important 
distinctions to be made is whether the DAC is to be used to 
generate an output voltage or an output current. In the current 
output mode, the DAC output (Pin 20) is tied to some type of 
summing junction, and the current flowing from the DAC into 
this summing junction is sensed (e.g.. Figures 8 and 9). In this 
mode, the DAC output scale is insensitive to whether the load 
resistor, R L , is shorted (Pin 19 connected to Pin 20), or grounded 
(Pin 19 connected to Pin 18). However, this does affect the 
output impedance of the DAC current and may have a significant 
impact on the noise gain of the external circuitry. In the voltage 
output mode, the DAC’s output current flows through its own 
internal impedance (perhaps in parallel with an external imped- 
ance) to generate a voltage, as in Figures 3, 4, 5, and 10. In this 
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case, the DAC output scale is directly dependent on the load 
impedance. The temperature coefficient of the AD568’s internal 
reference is trimmed in such a way that the drift of the DAC 
output in the voltage output mode is centered on zero. The 
current output of the DAC will have an additional drift factor 
corresponding to the absolute temperature coefficient of the 
internal thin-film resistors. This additional drift may be removed 
by judicious placement of the lk ft span resistor in the signal 
path. For example, in Figures 8 and 9, the current flowing from 
the DAC into the summing junction could suffer from as much 
as 150ppm/°C of thermal drift. However, since this current 
flows through the internal span resistor (Pins 15 and 16) which 
has a temperature coefficient that matches the DAC ladder 
resistors, this drift factor is compensated and the buffered voltage 
at the amplifier output will be within specified limits for the 
voltage output mode. 

Output Voltage Compliance 

The AD568 has a typical output compliance range of + 1.2V to 
-2.0V (with respect to the LCOM Pin). The current-steering 
output stages will be unaffected by changes in the output terminal 
voltage over that range. However, as shown in Figure 11, there 
is an equivalent output impedance of 200fl in parallel with 
15pF at the output terminal which produces an equivalent error 
current if the voltage deviates from the ladder common. This is 
a linear effect which does not change with input code. Operation 
beyond the maximum compliance limits may cause either output 
stage saturation or breakdown resulting in nonlinear performance. 
The positive compliance limit is not affected by the positive 
power supply, but is a function of output current and the logic 
threshold voltage at V T h» Pin 13. 



Rload Iout LADDER ANALOG 

COMMON COMMON 


digital feedthrough noise, the interconnect distances to the DAC 
inputs should be kept as short as possible. Termination resistors 
may improve performance if the digital lines become too long. 
The digital input should be free from large glitches and ringing 
and have maximum 10% to 90% rise and fall times of 5ns. Figure 
12 shows the equivalent digital input circuit of the AD568. 



TO TO TO LADDER THRESHOLD 

THRESHOLD ANALOG lour COMMON COMMON 

COMMON COMMON 


BIT 1 DRIVES 4 OF THESE CELLS IN PARALLEL. 

BIT 2 DRIVES 2 CELLS. 

BITS 3-12 DRIVE SINGLE CELLS. 

Figure 12. Equivalent Digital Input 

Due to the high-speed nature of the AD568, it is recommended 
that high-speed logic families such as Schottky TTL, high-speed 
CMOS, or the new lines of FAST* TTL be used exclusively. 
Table I shows how DAC performance can vary depending on 
the driving logic used. As this table indicates, STTL, HCMOS, 
and FAST represent the most viable families for driving the 
AD568. 

DAC PERFORMANCE VS. DRIVE LOGIC 1 
I I DAC I I 


Logic 

Family 

10-90% 

DAC 

Rise Time 2 

SETTLING TIME 2 3 
1% 0.1% 0.025% 

Glitch 4 

Impulse 

Maximum 

Glitch 

Excursion 

TTL 

11ns 

18ns 

34ns 

50ns 

2.5nV-s 

240mV 

LSTTL 

11ns 

28ns 

46ns 

80ns 

950pV-s 

160mV 

STTL 

9.5ns 

16ns 

33ns 

50ns 

850pV-s 

150mV 

HCMOS 

11ns 

24ns 

38ns 

50ns 

350pV-s 

115mV 

FAST* 

12ns 

16ns 

36ns 

42ns 

l.OnV-s 

250mV 


'All values typical, taken in test fixture diagrammed in Figure 13. 

Measurements are made for a IV full-scale step into 100ODAC load resistance. 
Settling time is measured from the time the digital input crosses the threshold voltage 
(1.4V) to when the output is within the specified range of its final value. 

4 The worst case glitch impulse, measured on the major carry. DAC full scale is IV. 


Figure 1 1. Equivalent Output 

Digital Input Considerations 

The AD568 uses a standard positive true straight binary code 
for unipolar outputs (all Is full-scale output), and an offset 
binary code for bipolar output ranges. In the bipolar mode, 
with all Os on the inputs, the output will go to negative full 
scale; with 111 . . . 11, the output will go to positive full scale 
less 1LSB; and with 100 . . 00 (only the MSB on), the output 
will go to zero. 

The threshold of the digital inputs is set at 1.4V and does not 
vary with supply voltage. This is provided by a bandgap reference 
generator, which requires approximately 3mA of bias 
current achieved by tying Rth to any + V L supply where 



Table I. 

The variations in settling times can be attributed to differences 
in the rise time and current driving capabilities of the various 
families. Differences in the glitch impulse are predominantly 
dependent upon the variation in data skew. Variations in these 
specs occur not only between logic families, but also between 
different gates and latches within the same family. When selecting 
a gate to drive the AD568 logic input, pay particular attention 
to the propagation delay time specs: t PLH and t PH L- Selecting 
the smallest delays possible will help to minimize the settling 
time, while selection of gates where t PLH and t PH L are closely 
matched to one another will minimize the glitch impulse resulting 
from data skew. Of the common latches, the 74374 octal flip-flop 
provides the best performance in this area for many of the logic 
families mentioned above. 


The input lines operate with small input currents to easily achieve *FAST is a registered trademark of Fairchild Camera and Instrumentation 
interface with unbuffered CMOS logic. The digital input signals Corporation, 
to the DAC should be isolated from the analog output as much 
as possible. To minimize undershoot, ringing, and possible 
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Figure 13. Test Setup for Glitch Impulse and Settling 
Time Measurements 


Settling Time Considerations 

As can be seen from Table I and the specifications page, the 
settling time of the AD568 is application dependent. The fastest 
settling is achieved in the current-output mode, since the voltage- 
output mode requires the output capacitance to be charged to 
the appropriate voltage. The DAC’s relatively large output current 
helps to minimize this effect, but settling-time sensitive applica- 
tions should avoid any unnecessary parasitic capacitance at the 
output node of voltage output configurations. Direct measurement 
of the fine scale DAC settling time, even in the voltage output 
mode, is extremely tricky: analog scope front ends are generally 
incapable of recovering from overdrive quickly enough to give 
an accurate settling representation. The plot shown in Figure 14 
was obtained using Data Precision’s 640 16-bit sampling head, 
which features the quick overdrive recovery characteristic of 
sampling approaches combined with high accuracy and relatively 
small thermal tail. 



TIME- ns 

Figure 14. Zero to Full-Scale Settling 


Glitch Considerations 

In many high-speed DAC applications, glitch performance is a 
critical specification. In a conventional DAC architecture such 
as the AD568 there are two basic glitch mechanisms: data skew 
and digital feedthrough. A thorough understanding of these 
sources can help the user to minimize glitch in any application. 

DIGITAL FEEDTHROUGH - As with any converter product, 
a high-speed digital-to-analog converter is forced to exist on the 
frontier between the noisy environment of high-speed digital 
logic and the sensitive analog domain. The problems of this 
interfacing are particularly acute when demands of high speed 
(greater than 10MHz switching times) and high precision (12 
bits or more) are combined. No amount of design effort can 
perfectly isolate the analog portions of a DAC from the spectral 
components of a digital input signal with a 2ns risetime. Inevitably, 
once this digital signal is brought onto the chip, some of its 
higher frequency components will find their way to the sensitive 
analog nodes, producing a digital feedthrough glitch. To minimize 
the exposure to this effect, the AD568 has intentionally omitted 
the on-board latches that have been included in many slower 
DACs. This not only reduces the overall level of digital activity 
on chip, it also avoids bringing a latch clock pulse on board, 
whose opposite edge inevitably produces a substantial glitch, 
even when the DAC is not supposed to be changing codes. 
Another path for digital noise to find its way onto a converter 
chip is through the reference input pin. The completely internal 
reference featured in the AD568 eliminates this noise input, 
providing a greater degree of signal integrity in the analog portions 
of the chip. 

DATA SKEW - The AD568, like many of its slower predecessors, 
essentially uses each digital input line to switch a separate, 
weighted current to either the output (Iout) or some other node 
(ANALOG COM). If the input bits are not changed simultane- 
ously, or if the different DAC bits switch at different speeds, 
then the DAC output current will momentarily take on some 
incorrect value. This effect is particularly troublesome at the 
“carry points”, where the DAC output is to change by only one 
LSB, but several of the larger current sources must be switched 
to realize this change. Data skew can allow the DAC output to 
move a substantial amount towards full scale or zero (depending 
upon the direction of the skew) when only a small transition is 
desired. Great care was taken in the design and layout of the 
AD568 to ensure that switching times of the DAC switches are 
symmetrical and that the length of the input data lines are short 
and well matched. The glitch-sensitive user should be equally 
diligent about minimizing the data skew at the AD568’s inputs, 
particularly for the 4 or 5 most significant bits. This can be 
achieved by using the proper logic family and gate to drive the 
DAC, and keeping the interconnect lines between the logic 
outputs and the DAC inputs as short and as well matched as 
possible, particularly for the most significant bits. The top 6 
bits should be driven from the same latch chip if latches are 
used. 

Glitch Reduction Schemes 

BIT-DESKEWING - Even carefully laid-out boards using the 
proper driving logic may suffer from some degree of data-skew 
induced glitch. One common approach to reducing this effect is 
to add some appropriate capacitance (usually several pF) to each 
of the 2 or 3 most significant bits. The exact value of each capacitor 
for a given application should be determined experimentally, as 
it will be dependent on circuit board layout and the type of 
driving logic used. Table II presents a few examples of how the 
glitch impulse may be reduced through passive deskewing. 
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BIT DELAY GLITCH REDUCTION EXAMPLES' 


Logic 

Family 

Gate 

Uncompen- 
sated Glitch 

Compensation 

Used 

Compen- 
sated Glitch 

HCMOS 

74157 

350pV-s 

C2 = 5pF 

250pV-s 

STTL 

74158 

850pV-s 

R1 = 50fl,Cl = 7pF 

600pV-s 


NOTE 

‘Measurements were made using a modified version of the fixture shown in 
Figure 13, with resistors and capacitors placed as shown in Figure 15. 

Resistance and capacitance values were set to zero except as noted. 

Table II. 

As Figure 15 indicates, in some cases it may prove useful to 
place a few hundred ohms of series resistance in the input line 
to enhance the delay effect. This approach also helps to reduce 
some of the digital feedthrough glitch, as the higher frequency 
spectral components are being filtered out of the most significant 
bits’ digital inputs. 


FROM 

DRIVING 

LOGIC 


Figure 15. R-C Bit Deskewing Scheme 

THRESHOLD SHIFT - It is also possible to reduce the data 
skew by shifting the level of logic voltage threshold, Vth (Fin 
13). This can be readily accomplished by inserting some resistance 
between the THRESHOLD COM pin (Pin 14) and ground, as 
in Figure 16. To generate threshold voltages below 1.4V, Pin 13 
may be directly driven with a voltage source, leaving Pin 14 tied 
to the ground plane. As Note 2 in Table III indicates, lowering 
the threshold voltage may reduce output voltage compliance 
below the specified limits, which may be of concern in an un- 
buffered voltage output topology. 

Table III shows the glitch reduction achieved by shifting the 
threshold voltage for HCMOS, STTL, and FAST logic. 



SELECTING RAANDRB: 
RA + RB = 5V/3.6m A 



Figure 16. Positive Threshold Voltage Shift 


THRESHOLD SHIFT FOR GLITCH IMPROVEMENT 1 


Logic 

Family 

Gate 

Uncompen- 
sated Glitch 

Modified 

Threshold 2 

Resulting 

Glitch 

HCMOS 

74HC158 

350pV-s 

1.7V 

150pV-s 

STTL 

74S158 

850pV-s 

1.0V 

200pV-s 

FAST 

74F158 

lOOOpV-s 

1.3V 

480pV-s 


NOTES 

'Measurements made on a modified version of the circuit shown in 
Figure 13, with a IV full scale. 

2 Use care in any scheme that lowers the threshold voltage since the 
output voltage compliance of the DAC is sensitive to this voltage. 

If the DAC is to be operated in the voltage output mode, it is strongly 
suggested that the threshold voltage be set at least 200mV above 
the output voltage full scale. 

Table III. 

Deglitching 

Some applications may prove so sensitive to glitch impulse that 
reduction of glitch impulse by an order of magnitude or more is 
required. In order to realize glitch impulses this low, some sort 
of sample-and-hold amplifier (SHA)-based deglitching scheme 
must be used. 

There are high-speed SHAs available with specifications sufficient 
to deglitch the AD568, however most are hybrid in design at 
costs which can be prohibitive. A high performance, low cost 
alternative shown in Figure 17 is a discrete SHA utilizing a 
high-speed monolithic op amp and high-speed DMOS FET 
switches. 

This SHA circuit uses the inverting integrator architecture. The 
AD841 operational amplifier used (300MHz gain bandwidth 
product) is fabricated on the same high-speed process as the 
AD568. The time constant formed by the 2000 resistor and the 
lOOpF capacitor determines the acquisition time and also band 
limits the output signal to eliminate slew induced distortion. 

A discrete drive circuit is used to achieve the best performance 
from the SD5000 quad DMOS switch. This switch driving cell 
is composed of MPS571 RF npn transistors and an MC10124 
TTL to ECL translator. Using this technique provides both 
high speed and highly symmetrical drive signals for the SD5000 
switches. The switches are arranged in a single-throw double-pole 
(SPDT) configuration. The 360pF “flyback” capacitor is switched 
to the op amp summing junction during the hold mode to keep 
switching transients from feeding to the output. This capacitor 
is grounded during sample mode to minimize its effect on ac- 
quisition time. 

Circuit layout for a high speed SHA is almost as critical as the 
design itself. Figure 17 shows a recommended layout of the 
deglitching cell for a double sided printed circuit board. The 
layout is very compact with care taken that all critical signal 
paths are short. 


DIGITAL-TO-ANALOG CONVERTERS 2-79 






20011 



Figure 1 7. High Performance Deglitcher 


Grounding Rules 

The AD568 brings out separate reference, output, and digital 
power grounds. This allows for optimum management of signal 
ground currents for low noise and high-speed settling performance. 
The separate ground returns are provided to minimize changes 
in current flow in the analog signal paths. In this way, logic 
return currents are not summed into the same return path with 
the analog signals. 

It is important to understand which supply and signal currents 
are flowing in which grounds so that they may be returned to 
the proper power supply in the best possible way. 

The majority of the current that flows into the Vcc supply 
(Pin 24) flows out (depending on the DAC input code) either 
the ANALOG COMMON (Pin 18), the LADDER COMMON 
(Pin 17), and/or I 0 ut (Pin 20). 

The current in the LADDER COMMON is configured to be 
code independent when the output current is being summed 
into a virtual ground. If Iout is operated into its own output 
impedance (or in any unbuffered voltage output mode) the 
current in LADDER COMMON will become partially code 
dependent. 

The current in the ANALOG COMMON (Pin 18) is an approx- 
imate complement of the current in Iout? i.e., zero when the 
DAC is at full scale and approximately 10mA at zero input 
code. 

A relatively constant current (not code dependent) flows out the 
REFERENCE COMMON (Pin 23). 

The current flowing out of the Vee supply (Pin 22) comes from 
a combination of reference ground and BIPOLAR OFFSET 
(Pin 21). The plus and minus 15V supplies are decoupled to the 
REFERENCE COMMON. 

The ground side of the load resistor R L , ANALOG COMMON 
and LADDER COMMON should be tied together as close to 
the package pins as possible. The analog output voltage is then 


referred to this node and thus it becomes the “high quality” 
ground for the AD568. The REFERENCE COMMON (and 
Bipolar offset when not used), should also be connected to this 
node. 

All of the current that flows into the Vth terminal (Pin 13) 
from the resistor tied to the 5V logic supply (or other convenient 
positive supply) flows out the THRESHOLD COMMON (Pin 
14). This ground pin should be returned directly to the digital 
ground plane on its own individual line. 

The + 5 V logic supply should be decoupled to the THRESHOLD 
COMMON. 

Because the V T h pin is connected directly to the DAC switches 
it should be decoupled to the analog output signal common. 

In order to preserve proper operation of the DAC switches, the 
digital and analog grounds need to eventually be tied together. 
This connection between the ground planes should be made 
within 1/2" of the DAC. 

The Use of Ground and Power Planes 

If used properly, ground planes can perform a myriad of functions 
on high-speed circuit boards: bypassing, shielding, current 
transport, etc. In mixed signal design, the analog and digital 
portions of the board should be distinct from one another, with 
the analog ground plane covering analog signal traces and the 
digital ground plane confined to areas covering digital interconnect. 



Component Side 
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The two ground planes should be connected at or near the 
DAC. Care should be taken to insure that the ground plane is 
uninterrupted over crucial signal paths. On the digital side, this 
includes the digital input lines running to the DAC and any 
clock lines. On the analog side, this includes the DAC output 
signal as well as the supply feeders. The use of wide runs or 
planes in the routing of power lines is also recommended. This 
serves the dual function of providing a low series impedance 
power supply to the part as well as providing some “free” capacitive 
decoupling to the appropriate ground plane. Figure 18 illustrates 
the PC board used for the circuit shown in Figure 13. This 
design was constructed on a simple two-layer board and illustrates 
many of the points discussed above. If more layers of interconnect 
are available, even better results are possible. 

Using The Right Bypass Capacitors 

Probably the most important external components associated 
with any high-speed design are the capacitors used to bypass the 
power supplies. Both selection and placement of these capacitors 
can be critical and, to a large extent, dependent upon the specifics 
of the system configurations. The dominant consideration in 
selection of bypass capacitors for the AD568 is minimization of 
series resistance and inductance. Many capacitors will begin to 
look inductive at 20MHz and above, the very frequencies we are 
most interested in bypassing. Ceramic and film-type capacitors 
generally feature lower series inductance than tantalum or elec- 


trolytic types. A few general rules are of universal use when 
approaching the problem of bypassing: 

Bypass capacitors should be installed on the printed circuit 
board* with the shortest possible leads consistent with reliable 
construction. This helps to minimize series inductance in the 
leads. Chip capacitors are optimal in this respect. 

Some series inductance between the DAC supply pins and the 
power supply plane often helps to filter out high-frequency 
power supply noise. This inductance can be generated using a 
small ferrite bead. 

High-Speed Interconnect and Routing 

It is essential that care be taken in the signal and power ground 
circuits to avoid inducing extraneous voltage drops in the signal 
ground paths. It is suggested that all connections be short and 
direct, and as physically close to the package as possible, so that 
the length of any conduction path shared by external components 
will be minimized. When runs exceed an inch or so in length, 
some type of termination resistor may be required. The necessity 
and value of this resistor will be dependent upon the logic family 
used. 

For maximum ac performance, the DAC should be mounted 
directly to the circuit board; sockets should not be used as they 
introduce unwanted capacitive coupling between adjacent pins 
of the device. 


Applications 


lpis, 12-BIT SUCCESSIVE APPROXIMATION A/D 
CONVERTER 

The AD568’s unique combination of high speed and true 12-bit 
accuracy can be used to construct a 12-bit SAR-type A/D converter 
with a sub-jjLS conversion time. Figure 19 shows the configuration 
used for this application. A negative analog input voltage is 
converted into current and brought into a summing junction 


with the DAC current. This summing junction is bidirectionally 
clamped with two Shottky diodes to limit its voltage excursion 
from ground. This voltage is differentially amplified and passed 
to a high-speed comparator. The comparator output is latched 
and fed back to the successive approximation register, which is 
then clocked to generate the next set of codes for the DAC. 

V| N 

0 TO -10.24V +5V 
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Circuit Details 

Figure 20 shows an approximate timing budget for the A/D 
converter. If 12 cycles are to be completed in ljxs, approximately 
80ns is allowed for each cycle. Since the Shottky diodes clamp 
the voltage of the summing junction, the DAC settling time 
approaches the current-settling value of 35ns, and hence uses up 
less than half the timing budget. 

To maintain simplicity, a simple clock is used that runs at a 
constant rate throughout the conversion, with a duty cycle of 
approximately 90%. If absolute speed is worth the additional 
complexity, the clock frequency can be increased as the conversion 
progresses since the DAC must settle from increasingly smaller 
steps. 

When seeking a cycle time of less than 100ns, the delays generated 
by the older generation SAR registers become problematic. 
Newer, higher speed SAR logic chips are becoming available in 
the classic 2504 pinout that cuts the logic overhead in half. One 
example of this is Zyrel’s ZR2504. 

Finding a comparator capable of keeping up with this DAC 
arrangement is fairly difficult: it must respond to an overdrive 
of 250fxV (1LSB) in less than 25ns. Since no inexpensive com- 
parator exists with these specs, special arrangements must be 
made. The LT1016 comparator provides relatively quick response, 
but requires at least 5mV of overdrive to maintain this speed. A 
discrete preamplifier may be used to amplify the summing junction 
voltage to sufficiently overdrive the comparator. Care must be 
exercised in the layout of the preamp/comparator block to avoid 
introducing comparator instability with the preamp’s additional 
gain. 


SAR DACSETTUNfi PREAMP COMPARATOR 
DELAY i ■ unit. DELAY DELAY 


10ns 

35ns 

15ns 

10ns 

10ns 


_r 


CLOCK 

PULSE 


i i i t i i i i r 

0 10ns 20ns 30ns 40ns 50ns 60ns 70ns 80ns 


f 

START OF 
CLOCK CYCLE 


♦ ♦ 

START OF NEXT 
CLOCK CYCLE 

LATCH COMPARATOR 


Figure 20. Typical Clock Cycle for a Ips SAR A/D Converter 


HIGH-SPEED MULTIPLYING DAC 

A powerful use for the AD568 is found in multiplying applications, 
where the DAC controls the amplitude of a high-speed signal. 
Specifically, using the AD568 as the control voltage input signal 
for the AD539 60MHz analog multiplier and AD5539 wide-band 
op amp, a high-speed multiplying DAC can be built. 

In the application shown in Figure 21, the AD568 is used in a 
buffered voltage output mode to generate the input to the AD539’s 
control channel. The speed of the AD568 allows oversampling 
of the control signal waveform voltage, thereby providing increased 
spectral purity of the amplitude envelope that modulates the 
analog input channels. 

The AD568 is configured in the unbuffered unipolar output 
mode. The internal 20011 load resistor creates the 0-1V FS 
output signal, which is buffered and amplified to a 0-3V range 
suitable for the control channel of the AD539. 

A 5000 input impedance exists at Pin 1, the input channel. To 
provide a buffer for the 0-1V output signal from the AD568 
looking into the impedance and to achieve the full-scale range, 
the AD 841, high-speed, fast settling op amp is included. The 
gain of 3 is achieved with a 2kO resistor configured in follower 
mode with a IkO pot and 5000 resistor. A 20kO pot with con- 
nections to Pins 3, 4 and 12 is provided for offset trim. 

The AD539 can accept two separate input signals, each with a 
nominal full-scale voltage range of ± 2V. Each signal can then 
be simultaneously controlled by the AD568 signal at the common 
input channel, V x . The current outputs from the two signal 
channels, Pins 1 1 and 14, applied to the AD5539 in a subtracting 
configuration, provide the voltage output signal: 

D V Y1 - V Y2 

(0 =s D « 4095) 

For applications where only a single channel is involved, channel 
2, Vy 2 » is tied to ground. This provides: 

Vout= 4^ X ^ (0 =s D =s 4095) 

Some AD539 circuit details: The control amplifier compensation 
capacitor for Pin 2, Co must have a minimum value of 3000pF 
to provide circuit stability. For improved bandwidth and feed- 
through, the feedthrough capacitor between Pins 1 and 2 should 
be 5-20% of Q> A Schottky diode at Pin 2 can improve recovery 
time from small negative values of V x . Lead lengths along the 
path of the high-speed signal from AD568 should be kept at a 
minimum. 
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ANALOG 

DEVICES 


16-Bit Monotonic 
Voltage Output D/A 



FEATURES 

Guaranteed 16-Bit Monotonicity 
Monolithic BiMOS II Construction 
±0.01% Typical Nonlinearity 
8- and 16-Bit Bus Compatibility 
3ps Settling to 16-Bits 
Low Drift 
Low Power 
Low Noise 

APPLICATIONS 

Robotics 

Closed-Loop Positioning 
High-Resolution ADCs 
Microprocessor-Based Process Control 


PRODUCT DESCRIPTION 

The AD569 is a monolithic 16-bit digital-to-analog converter 
(DAC) manufactured in Analog Devices’ BiMOS II process. 
BiMOS II allows the fabrication of low power CMOS logic 
functions on the same chip as high precision bipolar linear circuitry. 
The AD569 chip includes two resistor strings, selector switches, 
decoding logic, buffer amplifiers, and double-buffered input 
latches. 

The AD569’s voltage-segmented architecture insures 16-bit 
monotonicity over time and temperature. Integral nonlinearity is 
maintained at ±0.01%, while differential nonlinearity is 
±0.0004%. The on-chip, high-speed buffer amplifiers provide a 
voltage output settling time of 3p,s to within ±0.001% for a 
full-scale step. 

The reference input voltage which determines the output range 
can be either unipolar or bipolar. Nominal reference range is 
± 5V and separate reference force and sense connections are 
provided for high accuracy applications. The AD569 can operate 
with an ac reference in multiplying applications. 

Data may be loaded into the AD569’s input latches from 8- and 
16-bit buses. The double-buffered structure simplifies 8-bit bus 
interfacing and allows multiple DACs to be loaded asynchronously 
and updated simultaneously. Four TTL/L STTL / 5V C MOS- 
compatible signals control the latches: CS, LBE, HBE, and 
LDAC. 

The AD569 is available in five grades: J and K versions are 
specified from 0 to + 70°C and are packaged in a 28-pin plastic 
DIP and 28-pin PLCC package; AD and BD versions are specified 
from - 25°C to + 85°C and are packaged in a 28-pin ceramic 
DIP. The SD version, also in a 28-pin ceramic DIP, is specified 
from -55°C to + 125°C. 


AD569 FUNCTIONAL BLOCK DIAGRAM 



DB15 • • • DB8 DB7 • • • DB0 


PRODUCT HIGHLIGHTS 

1. Mono tonicity to 16 bits is insured by the AD569’s voltage- 
segmented architecture. 

2. The output range is ratiometric to an external reference or ac 
signal. Gain error and gain drift of the AD569 are negligible. 

3. The AD569’s versatile data input structure allows loading 
from 8- and 16-bit buses. 

4. The on-chip output buffer amplifier can supply ±5V into a 
lkfl load, and can drive capacitive loads of up to lOOOpF. 

5. Kelvin connections to the reference inputs preserve the gain 
and offset accuracy of the transfer function in the presence of 
wiring resistances and ground currents. 
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SPECIFICATIONS (T a = +25°C, +V S = + 12V, -V s 


~12V f 4-V^ 


+ 5V, V REF 


— 5V, unless otherwise noted) 


Model 

AD569JN/AD 

AD569KN/BD 

AD569SD 


Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 



16 



16 



16 

Bits 

LOGIC INPUTS 











Vih (Logic “1”) 

2.0 


5.5 

mSM 


5.5 

2.0 


5.5 

Volts 

Vil (Logic “0”) 

0 


0.8 

Wmm 


0.8 

0 


0.8 

Volts 

Iih (Vih = 5.5V) 



10 



10 



10 

|aA 

Iil(Vi L = 0V) 



10 



10 



10 

jj-A 

TRANSFER FUNCTION 











CHARACTERISTICS 











Integral Nonlinearity 


±0.02 

±0.04 


±0.01 

±0.024 



±0.04 

o/oFSR 1 

Tniin tO T max 


±0.02 

±0.04 


±0.020 

±0.024 



±0.04 

% FSR 

Differential Nonlinearity 


±1/2 

±1 


±1/4 

±1/2 



±1 

LSB 

Tmin tO T max 


±1/2 

±1 


±1/2 

±1 



±1 

LSB 

Unipolar Offset 2 



±500 



±350 



±500 

pV 

Tmin tO T max 



±750 



±450 




^V 

Bipolar Offset 2 



±500 



±350 



EH 

pV 

T mi n tO T max 



±750 



±450 



±750 

pV 

Full Scale Error 2 



±350 



±350 



±350 

pV 

T mln toT ra „ 



±450 



±450 



±450 

pV 

Bipolar Zero 2 



±0.04 



±0.024 



±0.04 

% FSR 

Tmin tO Tmax 



±0.04 



±0.024 



±0.04 

% FSR 

REFERENCE INPUT 











4- V REF Range 3 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

■ 

-V RE f Range 3 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 


Resistance 

15 

20 

25 

15 

20 

25 

15 

20 

25 


OUTPUT CHARACTERISTICS 











Voltage 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 

Capacitive Load 



1000 



1000 



1000 

pF 

Resistive Load 

1 



1 



1 



ktt 

Short Circuit Current 


10 



10 



10 


mA 

POWER SUPPLIES 











Voltage 











+ V S 

+ 10.8 

+ 12 

+ 13.2 

+ 10.8 

+ 12 

+ 13.2 

+ 10.8 

+ 12 

+ 13.2 

Volts 

-Vs 

-10.8 

-12 

-13.2 

-10.8 

-12 

-13.2 

-10.8 

-12 

-13.2 

Volts 

Current 











+ Is 


+ 9 

+ 13 


+ 9 

+ 13 


+ 9 

+ 13 

mA 

-Is 


-9 

-13 


-9 

-13 


— 9 

-13 

mA 

Power Supply Sensitivity 5 











+ 10.8V< + V S ^ + 13.2V 


±0.5 

±2 


±0.5 

±2 


±0.5 

±2 

ppm/% 

-10.8V>-V S ^- 13.2V 


±1 

±3 


±1 

±3 


± 1 

±3 

ppm/% 

TEMPERATURE RANGE 











Specified 











JN,KN,JP, KP 

0 


+ 70 

0 


+ 70 




°C 

AD,BD 

-25 


+ 85 

-25 


+ 85 




°C 

SD 







-55 


+ 125 

°c 

Storage 











JN, KN, JP, KP 

-65 


+ 150 

-65 


+ 150 




°c 

AD, BD,SD 

-65 


+ 150 

-65 


+ 150 

-65 


+ 150 

°c 


NOTES 

"FSR stands for Full-Scale Range, and is 10V for a — 5 to + 5 V span. 
2 Refer to Definitions section. 

3 For operation with supplies other than ± 12V, refer to the Power Supply 
and Reference Voltage Range Section. 

4 Measured between + V REF Force and -V REF Force. 

5 Sensitivity of Full-Scale Error due to changes in + V s and sensitivity 
of Offset to changes in - Vs- 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for Design Guidance Only and are not subject to test 
+Y S = +12V;-V S = -12Y;+Y ref = +5Y ; -Y ref = -5Y except where stated. 


Parameter 

Limit 

Units 

Test Conditions/Comments 

Output Voltage Settling 

5 

|xs max 

No Load Applied 

(Time to ± 0.001% FS 

3 

M-s typ 

(DAC output measured from falling edge of LDAC .) 

For FS Step) 

6 

pis max 

Vout Load = lkff,CLOAD = lOOOpF. 


4 

M-s typ 

(DAC output measured from falling edge of LDAC -) 

Digital-to- Analog Glitch 
Impulse 

500 

nV-sec typ 

Measured with Vref = 0V. DAC registers alternatively loaded 
with input codes of 8000 H and 0FFF H (worst-case 
transition). Load = lkfL 

Multiplying Feedthrough 

-100 

dB max 

+ Vref = IV rms 10kHz sine wave, 

-Vref = 0V 

Output Noise Voltage 
Density (lkHz-lMHz) 

40 

nV/VHz typ 

Measured between Vqut and - Vref 


TIMING CHARACTERISTICS <+v s = + i 2 v,-v s = -i« wu 


Parameter 

Limit 

Units 

Test Conditions/Comments 

Case A 1 



150ns Pulse on HBE, LBE, and LDAC 

twc 

70 

ns min 

CS Pulse Width 

Lsc 

60 

ns min 

CS Data Setup Time 

*HC 

0 

ns min 

CS Data Hold Time 

Case B 2 



100ns Pulse onCS 

tWB 

60 

ns min 

HBE, LBE Pulse Width 

tsB 

30 

ns min 

HBE, LBE Data Setup Time 

*HB 

20 

ns min 

HBE, LBE Data Hold Time 

twr> 

70 

ns min 

LDAC Pulse Width 

Case C 3 



100ns Pulse onCS 

tws 

70 

ns min 

LDAC & HBE, LBE Pulse Width 

tss 

30 

ns min 

LDAC & HBE, LBE Data Setup Time 

Ihs 

10 

ns min 

LDAC & HBE, LBE Data Hold Time 


NOTES 

'Write strobe applied to CS as shown in Figure 20a. Address decoding defines which 
register(s) data is strob ed into (see F igure 1 ). 

2 Write strobe applied to HBE and/or LBE as in Figure 19 or applied to LDAC 
separately. DAC base a ddress a pplied to CS(se e Figure 1). 

3 Write strobe applied to LDAC and either HBE or LBE for synchronous load of 16-bit DAC 
register with one of the 8-bit first-rank registers as shown in Figure 20b (see Figure 2). 
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Figure 1. AD569 Timing Diagram 
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Figure 2. Timing for Synchronous Load of DAC Register 
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ABSOLUTE MAXIMUM RATINGS* 

(T A = + 25°C unless otherwise noted) 


4- V s (Pin 1) to GND (Pin 18) + 18V, - 0.3V 

-V s (Pin 28) to GND (Pin 18) - 18V, + 0.3V 

+ V S (Pin 1) to -V s (Pin 28) + 26.4V, -0.3V 

Digital Inputs 

(Pins 4-14, 19-27) to GND (Pin 18) + V s , - 0.3V 


+ Vref Force (Pin 3) to + V REF Sense (Pin 2) .... ± 16.5V 
- Vref Force (Pin 15) to - Vref Sense (Pin 16) . . . ± 16.5V 

Vref Force (Pins 3, 15) to GND (Pin 18) ± V s 

Vref Sense (Pins 2, 16) to GND (Pin 18) ± V s 

Vqut (Pin 17) Indefinite Short to GND 

Momentary Short to 4- Vs, — Vs 


Power Dissipation (Any Package) lOOOmW 

Operating Temperature Range 

Commercial Plastic (JN, KN Versions) 0 to 4- 70°C 

Industrial Ceramic (AD, BD Versions) . . — 25°C to -I- 85°C 

Extended Ceramic (SD Versions) ...... 55°C to 4- 125°C 

Storage Temperature -65°C to 4- 150°C 

Lead Temperature (Soldering, lOsecs) 4- 300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ESD SENSITIVITY 

The AD569 features input protection circuitry consisting of large “distributed” diodes and polysilicon 
series resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD569 has been 
classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equipment 
and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam should be discharged to the destination socket before devices are removed. For 
further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual . 



PIN DESIGNATIONS 


+ VsP~ 

• 

ID -V s 

+ V REF SENSE nr 


~ 27 ] DB0 (LSB) 

+ V REF FORCE [T 


If] DBI 

088 d 


~25lDB2 

PB9f"s" 

AD569 

*24] DB3 

dbioJjT 

TOP VIEW 

lilLBE 

PBiirr 

(Not to Scale) 

*22l DB4 

HBEpr 


2l] DBS 

DBi2 Ol 


~ 2 o] DB6 

PB13 [To 


Ti?] DB7 

PB14QT 


TsJgnd 

(MSB) PB15 H? 


TtJVout 

cs|ji 


T6J-Vr EF sense 

LDAC HT 


T5]-V rff force 



ORDERING INFORMATION 


Integral Nonlinearity 

Differential Nonlinearity 

Temperature Range and Package Options* 

4-25°C 

T m in T max 

4-25°C 

Tmi„-T max 

Plastic (N-28) 

Oto 4-70°C 

Ceramic (D-28) 

— 25°C to 4- 85° 

Ceramic (D-28) 
-55°Cto+125°C 

±0.04% 

±0.024% 

±0.04% 

±0.024% 

± 1LSB 
± 1/2LSB 

± 1LSB 
± 1LSB 

AD569JN, JP 
AD569KN, KP 

AD569AD 

AD569BD 

AD569SD 


*See Section 14 for package outline information. 
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FUNCTIONAL DESCRIPTION 

The AD569 consists of two resistor strings, each of which is 
divided into 256 equal segments (see Figure 3). The 8MSBs of 
the digital input word select one of the 256 segments on the 
first string. The taps at the top and bottom of the selected segment 
are connected to the inputs of the two buffer amplifiers A1 and 
A2. These amplifiers exhibit extremely high CMRR and low 
bias current, and thus accurately preserve the voltages at the top 
and bottom of the segment. The buffered voltages from the 
segment endpoints are applied across the second resistor string, 
where the 8LSBs of the digital input word select one of the 256 
taps. Output amplifier A3 buffers this voltage and delivers it to 
the output. 

Buffer amplifiers A1 and A2 leap-frog up the first string to 
preserve monotonicity at the segment boundaries. For example, 
when increasing the digital code from 00FF H to 0100 H , (the 
first segment boundary), A1 remains connected to the same tap 
on the first resistor, while A2 jumps over it and is connected to 
the tap which becomes the top of the next segment. This design 
guarantees monotonicity even if the amplifiers have offset voltages. 
In fact, amplifier offset only contributes to integral linearity 
error. 

CAUTION 

It is generally considered good engineering practice to avoid 
inserting integrated circuits into powered-up sockets. This 
guideline is especially important with the AD569. An empty, 
powered-up socket configures external buffer amplifiers in an 



Figure 3. AD569 Block Diagram 


open-loop mode, forcing their outputs to be at the positive or 
negative rail. This condition may result in a large current surge 
between the reference force and sense terminals. This current 
surge may permanently damage the AD569. 


ANALOG CIRCUIT DETAILS 
Definitions 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal output (a straight line drawn from 0 to FS-1LSB) 
for any bit combination. The AD569’s linearity is primarily 
limited by resistor uniformity in the first divider (upper byte of 
16-bit input). The plot in Figure 4 shows the AD569’s typical 
linearity error across the entire output range to be within ±0.01% 
of full scale. At 25°C the maximum linearity error for the 
AD569JN, AD and SD grades is specified to be ± 0.04%, and 
±0.024% for the KN and BD versions. 


% ERROR 



Figure 4. Typical Linearity 


MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs. All 
versions of the AD569 are monotonic over their full operating 
temperature range. 

DIFFERENTIAL NONLINEARITY: DNL is the measure of 
the change in the analog output, normalized to full scale, associated 
with a 1LSB change in the digital input code. Monotonic behavior 
requires that the differential linearity error be less than 1LSB 
over the temperature range of interest. For example, for a ± 5V 
output range, a change of 1LSB in digital input code should 
result in a 152ptV change in the analog output (1LSB = 10V/ 
65,536). If the change is actually 38|xV, however, the differential 
linearity error would be - 1 14jjlV, or -3/4LSB. By leapfrogging 
the buffer amplifier taps on the first divider, a typical AD569 
keeps DNL within ± 38fxV ( ± 1/4LSB) around each of the 256 
segment boundaries defined by the upper byte of the input 
word (see Figure 5). Within the second divider, DNL also 
typically remains less than ± 38|xV as shown in Figure 6. Since 
the second divider is independent of absolute voltage, DNL is 
the same within the rest of the 256 segments. 

OFFSET ERROR: The difference between the actual analog 
output and the ideal output (-Vre F ), with the inputs loaded 
with all zeros is called the offset error. For the AD569, Unipolar 
Offset is specified with 0V applied to - Vre F and Bipolar Offset 
is specified with - 5V applied to — Vref- Either offset is trimmed 
by adjusting the voltage applied to the - Vre F terminals. 

BIPOLAR ZERO ERROR: The deviation of the analog output 
from the ideal half-scale output of 0.0000V when the inputs are 
loaded with 8000 H is called the Bipolar Zero Error. For the 
AD569, it is specified with ± 5V applied to the reference 
terminals. 
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16-BIT LSB 



Figure 5. Typical DNL at Segment Boundary Transitions 

16-BIT LSB 



CODE (HEX) 

a. Segment 1 

16-BIT LSB 



b. Segment 256 

Figure 6. Typical DNL Within Segments 

MULTIPLYING FEEDTHROUGH ERROR: This is the error 
due to capacitive feedthrough from the reference to the output 
with the input registers loaded with all zeroes. 

FULL-SCALE ERROR: The AD569’s voltage dividing ar- 
chitecture gives rise to a fixed full-scale error which is independent 
of the reference voltage. This error is trimmed by adjusting the 
voltage applied to the + Vre F terminals. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: The charge 
injected into the analog output when a new input is latched into 
the DAC register gives rise to the Digital-to-Analog Glitch Impulse. 
Glitches can be due to either time skews between the input bits 
or charge injection from the internal switches. Glitch Impulse 
for the AD569 is mainly due to charge injection, and is measured 
with the reference connections tied to ground. It is specified as 
the area of the glitch in nV-secs. 

TOTAL ERROR: The worst-case Total Error is the sum of the 
fixed full-scale and offset errors and the linearity error. 

POWER SUPPLY AND REFERENCE VOLTAGE RANGES 

The AD569 is specified for operation with ±12 volt power 
supplies. With ± 10% power supply tolerances, the maximum 
reference voltage range is ± 5 volts. Reference voltages up to 
± 6 volts can be used but linearity will degrade if the supplies 
approach their lower limits of ± 10.8 volts (12 volts - 10%). 

If ± 12 volt power supplies are unavailable in the system, several 
alternative schemes may be used to obtain the needed supply 
voltages. For example, in a system with ± 15V supplies, a single 
Zener diode can be used to reduce one of the supplies to 9 volts 
with the remaining one left at 15 volts. Figure 7a illustrates this 
scheme. A 1N753A or equivalent diode is an appropriate choice 
for the task. Asymmetrical power supplies can be used since the 
AD569’s output is referenced to - Vref only and thus floats 
relative to logic ground (GND, Pin 18). Assuming a worst-case 
±1.5 volt tolerance on both supplies (10% of 15 volts), the 
maximum reference voltage ranges would be + 6 and - 2 volts 
for + V s = + 15V and - V s = -9V, and +2 to -8 volts for 
+ V S = 9V and -V s = -15V. 

Alternately, two 3V Zener diodes or voltage regulators can be 
used to drop each ±15 volt supply to ± 12 volts, respectively. 

In Figure 7b, 1N746A diodes are a good choice for this task. 

A third method may be used if both ±15 volt and ± 5 volt 
supplies are available. Figure 7c shows this approach. A com- 
bination of +Vs = +15V and - Vs = — 5V can support a 
reference range of 0 to 6 volts, while supplies of + Vs = + 5V 
and — V s = - 15V can support a reference range of 0 to - 8 
volts. Again, 10% power supply tolerances are assumed. 

NOTE: Operation with + V s = + 5V alters the input latches’ 
operating conditions causing minimum writ e pulse widt hs to 
extend to lfis or more. Control signals CS, HBE, LBE, and 
LDAC should, therefore, be tied low to render the latches 
transparent. 

No timing problems exist with operation at + Vs = 9V and 
— V s = — 15V. However, 10% tolerances on these supplies 
generate a worst-case condition at - V s = - 16.5V and + Vs = 
+ 7.5V (assuming + V s is derived from a + 15V supply). Under 
these conditions, write pulse widths can stretch to 200ns with 
similar degradation of data setup and hold times. However, 

± 0.75V tolerances (±5%) yield minimal effects on digital timing 
with write pulse widths remaining below 100ns. 

Finally, Figure 7d illustrates the use of the combination of an 
AD588 and AD569 in a system with ± 15 volt supplies. As 
shown, the AD588 is connected to provide ± 5V to the reference 
inputs of the AD569. It is doing double-duty by simultaneously 
regulating the supply voltages for the AD569 through the use of 
the level shifting zeners and transistors. This scheme utilizes the 
capability of the outputs of the AD588 to source as well as sink 
current. Two other benefits are realized by using this approach. 
The first is that the AD569 is no longer directly connected to 
the system power supplies. Output sensitivity to variations in 
those supplies is, therefore, eliminated. The second benefit is 
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that, should a zener diode fail (a short circuit would be the most 
likely failure), the supply voltage decreases. This differs from 
the situation where the diode is used as a series regulator. In 
that case, a failure would place the unregulated supply voltage 
on the AD569 terminal. 


+ 15V 



+ 15V 



b. Diodes Regulate Both Supplies 


+ 15V ( + 5Vj 



c. Use of ± 15V and ±5V Supplies 



d. AD588 Produces References and Supply Voltages 


Figure 7. Power Supply Options 


ANALOG CIRCUIT CONNECTIONS 

The AD569 is intended for use in applications where high reso- 
lution and stability are critical. Designed as a multiplying D/A 
converter, the AD569 may be used with a fixed dc reference or 
an ac reference. Vref niay be any voltage or combination of 
voltages at -I- V F orce and ~ V F orce that remain within the 
bounds set for reference voltages as discussed in the power 
supply range section. Since the AD569 is a multiplying D/A 
converter, its output voltage, Vout> is proportional to the product 
of the digital input word and the voltage at the reference terminal. 
The transfer function is Vout = D V REF where D is the fractional 
binary value of the digital word applied to the converter using 
offset-binary coding. Therefore, the output will range from 
- Vre F for a digital input code of all zeros (OOOOh) to + Vre F 
for an input code of all ones (FFFFh). 

For applications where absolute accuracy is not critical, the 
simple reference connection in Figure 8 can be used. Using only 
the reference force inputs, this configuration maintains linearity 
and 16-bit monotonicity, but introduces small, fixed offset and 
gain errors. These errors are due to the voltage drops across 
resistors R A and R B shown in Figure 9. With a 10V reference 
voltage, the gain and offset errors will range from 80 to lOOmV. 
Resistors R A and R B were included in the first resistor string to 
avoid degraded linearity due to uneven current densities at the 
string’s endpoints. Similarly, linearity would degrade if the 
reference voltage were connected across the reference sense 
terminals. Note that the resistance between the force and sense 
terminals cannot be measured with an ohmmeter; the layout of 
the thin-film resistor string adds approximately 4kfl of resistance 
(R s ) at the sense tap. 


+ 15V -9V 



Figure 8. Simple Reference Connection 

For those applications in which precision references and high 
accuracy are critical, buffer amplifiers are used at + Vre F and 
— Vre F as shown in Figure 10 to force the voltage across resistors 
R1 to R256. This insures that any errors induced by currents 
flowing through the resistances of the package pins, bond wires, 
aluminum interconnections, as well as R A and R B are minimized. 
Suitable amplifiers are the AD517, AD OP-07, AD OP-27, or 
the dual amplifier, the AD712. Errors will arise, however, as 
the buffer amplifiers’ bias currents flow through R s (4kH). If 
the bias currents produce such errors, resistance can be inserted 
at the noninverting terminal (Rrc) of the buffer amplifiers to 
compensate for the errors. 
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Figure 9. MSB Resistor Divider 

Figures 11, 12, and 13 show reference configurations for various 
output ranges. As shown in Figure 11, the pin-programmable 
AD588 can be connected to provides tracking ± 5V outputs 
with l-3ppm/°C temperature stability. Buffer amplifiers are 
included for direct connection to the AD 569. The optional gain 
and balance adjust trimmers allow bipolar offset and full-scale 
errors to be nulled. In Figure 12, the low-cost AD586 provides 



Rbc 

(OPTIONAL) 


Figure 10. Reference Buffer Amplifier Connections 

+ 5V reference. A dual op amp, the AD712, buffers the reference 
input terminals preserving the absolute accuracy of the AD569. 
The optional noise-reduction capacitor and gain adjust trimmer 
allow further elimination of errors. The low-cost AD584 offers 
2.5V, 5V, 7.5V, and 10V options and can be connected for 
±5V tracking outputs as shown in Figure 13. Again, an AD712 
is used to buffer the reference input terminals. 



Figure 12. Low-Cost ±5V Reference 
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1/2 AD712 



Figure 13. Low-Cost ±5V Tracking Reference 


MULTIPLYING PERFORMANCE 

Figure 14 illustrates the gain and phase characteristics of the 
AD569 when operated in the multiplying mode. Full-power 
bandwidth is shown in Figure 14a and the corresponding phase 
shift is shown in Figure 14b. Performance is plotted for both a 
full-scale input of FFFF H and an input of 8080 H . An input 
represents worst-case conditions because it places the buffer taps 



at the midpoints of both dividers. Figure 15 illustrates the AD569’s 
ability to resolve 16-bits (where 1LSB is 96dB below full scale) 
while keeping the noise floor below - 130dB with an ac reference 
of IV rms at 200Hz. 



a. Time Domain 



1kHz 10kHz 100kHz 1MHz 


b. Phase Shift 

Figure 14. Full Power Multiplying Performance 



b. Frequency Domain 


Figure 15. Multiplying Mode Performance ( input Code 
0001 H ) 
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Multiplying feedthrough is due to capacitive coupling between 
the reference inputs and the output. As shown in Figure 16, 
under worst-case conditions (hex input code 0000), feedthrough 
remains below - lOOdB at ac reference frequencies up to 
10kHz. 



Mlc8« H f0 000 Hz BM? S 3$j*Hz 


Figure 16. Multiplying Feedthrough 

BYPASSING AND GROUNDING RULES 

It is generally considered good engineering practice to use bypass 
capacitors on the device supply voltage pins and to insert small 
valued resistors in the supply lines to provide a measure of 
decoupling between various circuits in a system. For the AD569, 
bypass capacitors of at least 4.7}xF and series resistors of 100 
are recommended. The supply voltage pins should be decoupled 
to Pin 18. 

NOISE 

In high-resolution systems, noise is often the limiting factor. A 
1 6-bit DAC with a 10 volt span has an LSB size of 152puV ( — 96dB) . 
Therefore, the noise floor must remain below this level in the 
frequency ranges of interest. The AD569’s noise spectral density 
is shown in Figures 17 and 18. The lowband noise spectrum in 
Figure 17 shows the 1/f corner frequency at 1.2kHz and Figure 
18 shows the wideband noise to be below 40nV/VHz. 



Figure 17. Lowband Noise Spectrum 



Figure 18. Wideband Noise Spectrum 


DIGITAL CIRCUIT CONNECTIONS 

The AD 569’s truth table appears in T able I . The High Byte 
Enable (HBE) and Low Byte Enable (LBE) inputs load the 
upper and lower bytes of the 16-bit input when Ch ip Selec t 
(CS) is valid (low). A similar strobe to Load DAC (LDAC) 
loads the 16-bit input into the DAC register and completes the 
DAC update. The DAC register can either be loaded with a 
separate write cycle or synchronously with either of the 8-bit 
registers in the first rank. A simultaneous up date of several 
AD569s can be achieved by controlling their LDAC inputs with 
a single control signal. 


CS 

HBE 

LBE 

LDAC 

OPERATION 

1 

X 

X 

X 

No Operation 

X 

1 

1 

1 

No Operation 

0 

0 

1 

1 

Enable 8MSBs of First Rank 

0 

1 

0 

1 

Enable 8LSBs of First Rank 

0 

1 

1 

0 

Enable 16-Bit DAC Register 

0 

0 

0 

0 

All Latches Transparent 


Table/. AD569 Truth Table 


All four control inputs latches are level- triggered and active low. 
When the DAC register is loaded directly from a bus, the data 
at the d i gital i nput s will be reflected in the output any time CS, 
LDAC , L BE and HB E are lo w. Sh ould this not be the desired 
case, bring LDAC (or HBE or LBE) high before changing the 
data. Alternately, use a second write cycle to transfer the data to 
the DAC register or delay the write strobe pulse until the ap- 
propriate data is valid. Be sure to observe the appropriate data 
setup and hold times (see Timing Characteristics). 

Whenever poss ible, the write strobe signal should be applied to 
HBE and LBE with the AD569’s decod ed ad dress appl ied to 
CS. A minimum pulse width of 60ns at HBE and LBE allows 
the AD569 to interface to the fastest microprocessors. Actually, 
data can be latched with narrower pulses, but the data setup 
and hold times must be lengthened. 

16-Bit Microprocessor Interfaces 

Since 16-bit microprocessors supply the AD569’s complete 16- 
bit input in one write cycle, the DAC register is ofte n unnec essary. 
If so, it should be made transparent by grounding LDAC. The 
DAC’s decoded a ddres s sh ould b e applied to CS, with the write 
strobe applied to HBE and LBE as shown in the 68000 interface 
in Figure 19. 



Figure 19. AD569/68000 Interface 
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a. Simple Interface 


least one address line is needed to differ entiat e bet ween the 
upper and lower bytes of the first rank (HBE and LBE). The 
simplest method involves applying the two addresses directly to 
HBE and LBE and strobing the data using CS as shown in 
Figure 20a. However, the minimum pulse width on CS is 70ns 
with a minimum data setup time of 60ns. If operation with a 
shorter pulse width is required, the base address should be 
applied to CS with an address line gated with the strobe signal 
to supply the HBE and LBE inputs (see Figure 20b). However, 
since the write pulse sees a propagation delay, the data still 
must remain valid at least 20ns after the rising edge of the delayed 
write pulse. 




b. Fast Interface 

Figure 20. 8-Bit Microprocessor Interface 

8-Bit Microprocessor Interfaces 

Since 8-bit microprocessors require two write cycles to provide 
the AD569’s 16-bit input, the DAC register must be utilized. It 
is most often loaded as the second byte enters the first rank of 
latches. This synchronous load method, shoton in Figure 20, 
requires LDAC to be tied to either LBE or HBE, depending 
upon the byte loading sequence. In either case, the propagation 
delay through the first rank gives rise to longer timing requirements 
as shown in Figure 2. If the DAC register (LDAC) is controlled 
separately using a third write cycle, the minimum write pulse 
on LDAC is 70ns, as shown in Figure 1. 

Two basic methods exist for interfacing the AD569 to an 8-bit 
microprocessor’s address and control buses. In either case, at 


OUTPUT SETTLING 

The AD569’s output buffer amplifier typically settles to within 
±0.001% FS of its final value in 3|xs for a 10V step. Figure 21 
shows settling for negative and positive full-scale steps with no 
load applied. Capable of sourcing or sinking 5mA, the output 
buffer can also drive loads of Ikfl and lOOOpF without loss of 
stability. Typical settling to 0.001% under these worst-case 
conditions is 4|xs, and is guaranteed to be a maximum of 6ps. 
The plots of Figure 21 were generated using the settling test 
procedure developed specifically for the AD569. 

Subranging 16-Bit ADC 

The subranging ADC shown in Figure 22 completes a conversion 
in less than 20jljls, including the sample-hold amplifier’s sample 
time. The sample-hold amplifier is allocated 5|xs to settle to 16 
bits. 

Before the first flash, the analog input signal is routed through 
the AD630 at a gain of + 1. The lower AD7820 quantizes the 
signal to the 8-bit level within 1.4|xs, and the 8-bit result is 
routed to the AD569 via a digital latch which holds the 8-bit 
word for the AD569 and the output logic. 

The AD569’s reference polarity is reversed so that a full-scale 
output is - 5V and zero scale is 0V, thereby subtracting an 8- 
bit approximation from the original sampled signal. The residue 
from the analog subtraction is then quantized by the second 8- 
bit flash conversion to recover the 8LSBs. Even though only the 
AD569’s upper 8MSBs are used, the AD569’s accuracy defines 
the A/D converter’s overall accuracy. Any errors are directly 
reflected in the output. 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

TIME - |xs TIME - jts 

a. Turn-On Settling b. Turn-Off Settling 

Figure 21. Full-Scale Output Settling 
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Preceding the second flash, the residue signal must be amplified extra bit of overlap for digital correction of any errors that occurred 

by a factor of 256. The OP-37 provides a gain of 25.6 and the in the first flash. The correction bit is digitally added to the 

AD630 provides another gain of 10. In this case, the AD630 first flash before the entire 16-bit output is strobed into the 

acts as a gain element as well as a channel control switch. The output register, 

second flash conversion yields a 9-bit word. This provides one 



Figure 22. 16-Bit Subranging ADC 
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n ANALOG 

Single Supply 

U DEVICES 

12-Bit DACPORT 


AD662 


FEATURES 

Complete 12-Bit D/A Function 
On-Chip Output Amplifier 
Internal High Stability Voltage Reference 
Single +5 V Operation 
Settling Time: 3 ps to 1/2 LSB 
Monotonicity Guaranteed Over Temperature 
Fast Digital Interface 
Low Power Consumption: 55 mW 
TTL/5 V CMOS Compatible Logic Inputs 
20-Pin Cerdip and Plastic Packages 


AD 662 FUNCTIONAL BLOCK DIAGRAM 


CE DBO DB11 



PRODUCT DESCRIPTION 

The AD662 DACPORT™ is a complete 12-bit voltage output 
DAC specified to operate on a single +5 V power supply. The 
converter combines 1023 individual current sources and a 2-bit 
binary weighted DAC, high stability voltage reference, and an 
on-chip output amplifier to achieve 12-bit resolution and mono- 
tonicity over temperature. 

Microprocessor compatibility is accomplished with an on-chip 
data latch, allowing a direct interface between the AD662 and a 
16-bit digital bus. The latch responds to write pulses as short as 
35 ns, for easy use with the fastest available microprocessors. 

Functional completeness of the 12-bit DACPORT provides 
designers of single supply systems with a complete interface 
solution that was previously unavailable. 

The AD662 is available in two performance grades over com- 
mercial, industrial, and military temperature ranges. The device 
is available in 20-pin plastic and cerdip packages. The AD662J, 
A, and S grades provide 4 LSB integral nonlinearity (INL), 
while the K, B, and, T grades provide 2 LSB INL, over 
temperature. 


PRODUCT HIGHLIGHTS 

1 . The AD662 is a complete voltage output DAC with a voltage 

reference, an output amplifier, and digital latches on a single 
chip. ^ & 

2. Device performance is optimized for single +5 V supply 
operation. 

* 3, The output amplifier is capable of driving to within 3 mV of 
■ ground. ; , 

4. The data latch responds to write pulse widths as short as 
35 ns, assuring direct interface with the industry’s fastest 
microprocessors. 

5. Output settling time is 3 ps to within 1/2 LSB of the final 

ffk va l ue - 

6. Low power consumption of the device, 55 mW, makes it 
ideal for applications that are power constrained such as 
portable or battery-operated equipment. 


DACPORT is a trademark of Analog Devices, Inc. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS <@ t a = T min to T max , dv di 


= AVn, 


5 V, unless otherwise specified) 1 




AD662J/A/S | 


AD662K/B/T 1 


Parameter 

Min 

Typ 

Max j 

Min 

Typ 

Max | 

Units 

RESOLUTION 


12 1 

Bits 

TRANSFER CHARACTERSTICS 








Accuracy 








Integral Nonlinearity 

-4 


+4 

-2 


+2 

LSB 

Differential Nonlinearity 

-1 

±1/2 

+1 

-1 

±1/2 

+1 

LSB 

Monotonicity 

GUARANTEED OVER RATED SPECIFICATION RANGE 


Gain Error 2 

-0.25 


+0.25 

-0.25 


+0.25 

% of FS 

Zero Error 2 

-3.2 

±2 

+3.2 

-3.2 

±2 

+3.2 

mV 

TEMPERATURE COEFFICIENT 








Gain Error 

-60 

±30 

+60 

-30 

±15 

+30 

ppm of FS/°C 

Zero Error 

-10 


+ 10 

-10 


+10 

pV/°C 

DIGITAL INPUTS 








Logic Levels 








v IH 

+2.0 


DV dd 

+2.0 


DV dd 

V 

v IL 

0 


+0.8 

0 


+0.8 

V 

Iih 

-1 


+1 

-1 


m+f 

M'A 

IlL 

Data Setup Time t DS 

-1 

25 


+1 

-1 

^5m 

m Ct 
11% 


|xA 

ns 

Data Hold Time t DH 

0 



0 

9 


ns 

Write Pulse Width t PW 

35 



35 



ns 

ANALOG OUTPUT 








Range 

0 


+2.5fe 

0 


+2.56 

V 

Output Current 

-5 


^5 

-5 

** 

+ 5 

mA 

Output Impedance * 


f#* If * 






Source 


0.05 

0 iu® 


0.05 

0.1 

a 

Sink 


0.1 

0.2 +? 


P 0.1 

0.2 

n 

Sink from V OU t <50 mV 2 


10 

|fli% JJ’%. 


io 


a 

Short Circuit Current 



ii if ir~ ^ 

P 




to GND 



<"450 



+ 50 

mA 

to V DD 

-50 



-50 



mA 

SETTLING TIME 








To 0.01% 

(< 1/2 LSB, R l = 1 kfl, C L = 470 pF) 








Full Scale Change (0 to FS) 


3.0 



3.0 


|JIS 

FS to Code 40 (25 mV) 2 


3.0 



3.0 


|JIS 

FS to Code 12 (7.5 mV) 2 


5.5 



5.5 


|XS 

FS to Zero 2 


8.6 



8.6 


(JLS 

LSB Change (Midscale) 2 


2.0 



2.0 


(XS 

LSB Change (Not Midscale) 2 


1.0 



1.0 


juus 

REFIN INPUT IMPEDANCE 

1 50 

i 50 

kfl 

POWER SUPPLY SENSITIVITY 








PSRR 2 

-400 

100 

+400 

-400 

100 

+400 

ppm of FS/V 

POWER SUPPLY REQUIREMENTS 








Operating Voltage Range 

4.5 

5.0 

5.5 

4.5 

5.0 

5.5 

V 

Supply Current 


11 

13.5 


11 

13.5 

mA 

Power Consumption 


55 

68 


55 

68 

mW 

TEMPERATURE RANGE 








Specified Range (J, K) 

0 


70 

0 


70 

°C 

Specified Range (A, B) 

-40 


+ 85 

-40 


+ 85 

°C 

Specified Range (S, T) 

-55 


+ 125 

-55 


+ 125 

°C 

Storage 

-65 


+ 150 

-65 


+ 150 

°C 


NOTES 

‘Specified for AV DD tied to DV dd . 

2 This parameter is specified for +25°C operation only. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested at+25°C on all production units at final electrial test. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS* 

AV dd and DV dd to AGND and DGND -0.3 V to +7 V 

Digital Inputs to DGND -0.3 V to DV dd +0.3 V 

REFIN to AGND -0.3 V to AV DD +0.3 V 

V OUT to AGND -0.3 V to AV DD 

REFOUT to AGND -0.3 V to AV DD 

AV DD toDV DD ± IV 

AGND to DGND -0.3 V to +0.3 V 

Power Dissipation 500 mW 

Storage Temperature Range 

N Package (Plastic) -25°C to +100°C 

Q Package (Cerdip) -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) + 300°C 

^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Binary 

Hexadecimal 

Decimal 

Output (V) 

0000 0000 0000 

000 

0 

0 

0000 0000 0001 

001 

1 

0.000625 

0000 0000 0010 

002 

2 

0.001250 

oooo oooo mi 

OOF 

15 

0.009375 

0000 0001 oooo 

010 

16 

0.010000 

oooo mi nil 

! OFF 

255 

0.159375 

0001 oooo oooo 

100 

256 

0.160000 

oooi nil nil 

IFF 

511 

0.319375 

0010 oooo oooo 

200 

512 

0.320000 

oon ini nil 

3FF 

1023 

0.639375 

0100 oooo oooo 

400 

1024 

0.640000 

oni nil nil 

7FF 

2047 

1.279375 

1000 oooo oooo 

800 

2048 

1.280000 

noo oooo oooo 

COO 

3072 

1.920000 

nil mi ini 

FFF 

4095 

2.559375 


Table I. Output Voltage vs. Input Code 


caution "i — 222 — 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! 


ESD SENSITIVE DEVICE 


20 OV bd |+5V) 


DB7 nT AD662 jel CE 

TOP VIEW ZZ 

DB8 [6 (Not to Scale) 15J AV OD (+5 V) 


DB11 (MSB) 9 


AD662 Pin Configuration 


ORDERING GUIDE 


Model 

Package 

Temperature 
Range °C 

Linearity 

Error Max 
T m i n tO T max 

AD662JN 

Plastic DIP 

0 to +70 

±4 LSB 

AD662KN 

Plastic DIP 

0 to +70 

±2 LSB 

AD662AQ 

Cerdip 

-40 to +85 

±4 LSB 

AD662BQ 

Cerdip 

-40 to +85 

±2 LSB 

AD662SQ 

Cerdip 

-55 to +125 

±4 LSB 

AD662TQ 

Cerdip 

-55 to +125 

±2 LSB 


Gain TC 
Max ppm/°C 


Package 

Options* 



*See Section 14 for package outline information. 
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Definitions 

LINEARITY ERROR (also called INTEGRAL NONLINEAR- 
ITY or INL): Analog Devices defines linearity error as the 
maximum deviation of the actual analog output from the ideal 
output ( a straight line drawn from 0 to FS) for any bit combi- 
nation expressed in multiples or fractions of 1 LSB. The AD662 
requires no trimming to achieve 2 LSB (0.048% of FS) maxi- 
mum INL at +25°C for the K, B, and T versions and 
4 LSB for the J, A, and S versions. 

DIFFERENTIAL LINEARITY ERROR (also called DIFFER- 
ENTIAL NONLINEARITY or DNL): DNL is the measure of 
the variation in analog value, normalized to full scale, associated 
with a 1 LSB change in digital input code. Monotonic behavior 
requires that the differential linearity error not exceed 1 LSB in 
the negative direction. 

MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant as the digital input 
increases. 

ZERO ERROR: Zero error is the difference between the actual 
DAC output with respect to analog ground and zero when all 
bits are set to 0, expressed in % of FS, mV or LSBs. 

GAIN ERROR: The DAC’s gain error is the difference between 


the ideal and actual outputs of FS - 1 LSB, expressed in % of 
FS, mV or LSB, when all bits are on. 

SETTLING TIME: Settling time is the time required for the 
output to reach and remain within a specified error band about 
its final value, measured from the digital input transition. Fig- 
ure 1 exhibits the AD662’s settling time characteristics from 
zero to full scale. See the section Output Considerations for 
more details. 



Figure h Code 0 to Full Scale Settling Time 


Circuit Description 


; ! 


S 




The AD662 consists of four functional blocks as shown in th$ 
AD662 functional block diagram on the previous page. These 
blocks are a 12-bit current output DAC, a bandgap reference, 
an output amplifier, and digital decode logic. The top 10 bits of 
the current output DAC are realized by 1023 identical current 
source segments. An additional 2-bit binary current source DAC 
creates the lower 2 bits. As the input code increases, the current 
sources turn on sequentially. The inherently monotonic current 
output flows from the DAC through the resistor, R Q ut> anc * 
appears as an unbuffered voltage output at an input terminal of 
the output amplifier. The internal bandgap reference circuit pro- 
duces a temperature stable 2.0 V reference when the REFOUT 
pin is externally connected to the REFIN pin. The unbuffered 
full scale value is set equal to the voltage input at REFIN by the 
control amplifier. Therefore, when utilizing the internal 2.0 V 
reference, the voltage at the top terminal of R G ut swings from 0 
to 2.0 V. The output amplifier then takes the unbuffered output 
from the current-output DAC and amplifies it by a factor of 
1.28 to provide a low impedance voltage output which ranges 
from 0 to 2.56 V. 

An advanced 2.0 jxm BiCMOS process provides the low power, 
high speed and high density implementation of the digital inter- 
face. This interface consists of TTL/CMOS converters, 12-bit 
data latch, and decode logic. All digital inputs are TTL compat- 
ible. The level triggered latches have an active low CE as the 
control signal, allowing a direct interface with industry standard 
microprocessors and digital signal processors. Hard- wiring CE 
low renders the latches “transparent” for direct DAC access. 

INTERNAL/EXTERNAL REFERENCE 

The AD662 has an internal bandgap reference circuit that is 
laser trimmed to produce a temperature stable 2 V reference 
when REFIN is externally connected to REFOUT. The full 
scale trim of the device is performed with the internal reference. 


I mil reference is intended only for this purpose and not for driv- 
ing any external load. To insure the specified performance of 
the device, when using the internal reference, it is recommended 
to add an external decoupling capacitor of at least 1 p,F as 
shown in Figure 2. 


SYSTEM SUPPLY 



Figure 2. Internal Reference Configuration 

The REFIN/REFOUT configuration demonstrates that the 
AD662 can operate with either the on-chip reference or an 
external reference. The external reference can be used to set a 
different full scale value to further improve temperature stabil- 
ity, or to reduce 1/f noise contribution from the reference. A 
user has to simply apply an external voltage reference to 
REFIN. REFOUT may be either open or connected to REFIN. 
When REFOUT is left open, the input impedance at REFIN is 
the specified value of 50 kfl, typical. The output impedance of 
REFOUT is 12 k Cl, typical. Consequently, when REFIN and 
REFOUT are connected, the input impedance of REFIN 
becomes 9.0 kO, typical. Figure 3 exhibits a scheme to achieve 
a programmable full scale output between 1.58 V and 2.56 V. It 
is not recommended to reduce the full scale voltage any further 
than 1.58 V because the output noise will exceed an LSB level. 
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Figure 3. External Reference Configuration 


Figure 5. Output Voltage for Sink Current of 0 to 5 mA 


TIMING AND CONTROL 

The AD662 has a 12-bit latch that simplifies interface to a 12-bit 
(or wider) data bus. The latch is controlled by the Chip Enable 
(CE) input. If the application does not involve a data bus, wir- 
ing CE low allows direct operation of the DAC. 

The data latch is level triggered and acquires data f rom tbe data 
bus during the time period when CE is low* When CE goes 
high, the data is latched into the register and held until CE 
returns low. The minimum time required for the data to be . 
present on the bus before CE returns high is called the data 
setup time (t DS ) as seen in Figure 4. The data hold time(t DH ) is 
the amount of time that the data has to remain on the bus after 
CE goes high. The AD662 is specified for t DS = 25 ns and t DH 
= 0 ns for minimum CE pulse width (t PW ) of 35 ns, allowing 
direct interface with the fastest microprocessors and controllers. 


The settling time from 0 to full scale is 3 us. However, the set- 
tling time of the DAC from full scale towards 0 will increase for 
final values below approximately 25 mV (Code 40). For a system 
which requires 3 (is settling for all the code transitions, it is rec- 
ommended to disregard the codes below 40 and to refer the out- 
put to a pseudoground at 25 mV above AGND. Figure 6 illus- 
trates the settling time for the AD662 from 0 to full scale and 
then from full scale back to 0. Figures 1 and 7 are enlargements 
of the respective settling times circled in Figure 6. 




[■* ^SETTLING 

t PW ; CHIP ENABLE PULSE WIDTH = 35 ns MIN 
t OH . DATA HOLD TIME = 0 ns MIN 
t os : DATA SETUP TIME = 25 ns MIN 
t SETTLING : DAC SETTLING TIME = 3.0 n* TYP 

Figure 4. Timing Diagram 

OUTPUT CONSIDERATIONS 

The AD662 has an internal output amplifier which provides the 
specified low impedance output. The amplifier drives the output 
down to the zero offset value from ground when the input code 
is 000H. The output maintains its specified linearity for all the 
codes from 000H to FFFH when the output sources up to 5 mA 
of output current. When the output sinks current for input 
codes below 048H, however, the output impedance increases up 
to 10 fl typical. This output impedance determines the lowest 
possible output level for a given sink current. The transfer curve 
will be nonlinear at this level and stay flat for inputs below it. 
This situtuation is illustrated in Figure 5. For example, the out- 
put stays at about 50 mV for input codes between 000H and 
050H when the output is sinking 5 mA. 



SECONDS - ps 


Figure 6. Settling Time 



SECOND - |is 


Figure 7. Full Scale to Code 40 Settling Time 

When the internal reference is used, it is highly recommended 
to filter the internal reference output by adding an external 
capacitor of at least 1 |xF from REFIN ( = REFOUT) to 
AGND. Otherwise, noise from the reference will dominate the 
total output noise and will exceed an LSB level. The total out- 
put noise is largest at full scale because the DAC core has the 
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maximum number of current sources connected to its output. 
The measured output white noise is 68 nV/VHz. The corner 
frequency for 1/f noise is approximately 15 kHz. The output 
amplifier has its -3 dB frequency at about 1 MHz. This data 
results in a total output noise of about 79 jxV rms from 0.1 Hz 
at full scale. Figure 8 illustrates the output noise versus fre- 
quency with a 1 |xF cap from REFIN and REFOUT to AGND. 

The output of the AD662 is protected against short circuits to 
ground and the supply. However, short circuits to another 5 V 
supply through resistances in the 30 O to 120 H range may 
cause device damage and should be avoided. 



POWER SUPPLY AND DECOUPLING 

The AD662 has two power supply pins, digital V DE> at Pin 20 
and analog V DD at Pin 15. Specified device performance is 
achieved for a supply voltage between 4.5 V and 5.5 V at both 
pins. The AD662 is designed to operate from a single power 
supply, although it has two supply pins. Figure 2 shows this 
configuration. The two supply pins should be tied at one point 
to the single system supply and should be decoupled to one sys- 
tem ground point. Figure 10 is the measured PSRR of the out- 
put at full scale when the analog and digital V DD s are tied 
together. 

When it is impractical or uneconomical to provide a quiet single 
system supply, the user can use two system supplies as shown in 
Figure 9. The analog V DD at Pin 15 should be the “high qual- 
ity” supply in this case. Decoupling capacitors should be used 
on both supply pins. They should be located as near as possible 
to the device. The digital V DE > should be bypassed to the digital 
ground pin and likewise for analog V DD and ground. 


FREQUENCY - Hi 


Figure 8. Output Noise vs. Frequency 


GROUNDING RULES 

The AD662 has two ground connections, digital 
(DGND) at Pin 10 and analog ground (AGND) at Pin 12. 
AGND pin is the “high quality” ground reference point fo| 
device. Any external loads or external reference should be 
referred to this ground. In order to minimize a voltage drop 
across Pin 12 and the reference point, care should be taken to 
provide a system reference point as close to Pin 12 as possible. 
Note that the AD662 typically has 10 mA analog ground current 
and a 0.1 fl series resistance between AGND, Pin 12, and the 
system reference point would result in an additional offset of 
1 mV (equivalent to 1.6 LSBs). The digital ground returns cur- 
rent from the digital portion of the device and should be tied to 
the analog ground at one point, usually the device power 
ground. This should be as close to the device as possible in 
order to avoid a differential voltage across these two ground 
pins. Differential voltage across two ground pins will degrade 
the accuracy of the device. Figures 2 and 9 illustrate connections 
for proper operation of the device. 
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Figure 10. PSRR vs. Frequency 

BIPOLAR OPERATION 

The AD662 was designed for operation from a single +5 V sup- 
ply and is capable of providing a unipolar output range. When a 
negative supply is available in a system, bipolar output ranges 
can be achieved by properly offsetting and scaling the output. 
Figure 1 1 shows an example of this application and Figure 12 is 
a photo of its settling time characteristics. The precision voltage 
reference, AD589, provides the offset and determines the bipo- 
lar zero level. The BiFET amplifier, AD711, provides the buff- 




Figure 9. Output Configuration Using Two Supplies 
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AD662 


ered output. In the case of the circuit shown in Figure 11, the 
bipolar signal range is ±1.28 V. If we adjust the bipolar zero 
with the 10 kO potentiometer to be 0 V, the input code, FFFH, 
will produce a nominal -1.2794 V and 000H will give +1.28 V. 



Figure 12. Settling Time Characteristics 


ADSP-2101 or ADSP-2102 - AD662 INTERFACE 

Figure 14 demonstrates the AD662 interfaced to an ADSP- 
2101/ADSP-2102. With a clock frequency of 12.5 MHz, and 
instruction execution in one 80 ns cycle, the digital signal pro- 
cessor supports the AD662 interface with one software wait 
state. 



Applications 

MICROPROCESSOR INTERFACE 

The high speed digital interface of the AD662 facilitates its use 
with a wide variety of microprocessors and microcontrollers. 

The 12-bit single buffered input register accepts 12-bit parallel 
load data from processors such as the ADSP-2101, TMS320 
series, 80386, and microcontrollers such as the 8096. Several 
illustrative examples follow. 

ADSP-2100 - AD662 INTERFACE 

Figure 13 demonstrates the AD662 interfaced to an ADSP- 
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digitial signal processor sup- 
ports the AD662 interface with one hardware wait state. 

ADSP-2100A starts a data memory write operation by providing 
the converter’s memory mapped address on the DMA bus. The 
decoded address generates CE for the converter. CE, together 
with some glue logic and latches, is used to force the ADSP- 
2100A into a one cycle wait state by generating DMACK. The 
write operation to the AD662 is thus started and completed 
within two processor cycles (160 ns). At clock speeds of 6 MHz, 
no wait states are necessary. 



Figure 14. A0662 Interface to ADSP-2101 /ADSP-2102 

ADSP-2101/ADSP-2102 starts the data memory write operation 
by providing the converter’s memory mapped address on its 
address bus and by asserting DMS. The decoded address gener- 
als CE for the converter. This allows the converter’s 12-bit 
input latch to be loaded with the value on the data bus. The 
write operation to the AD662 is extended by a software wait 
state and completed within two processor cycles (160 ns). 

TMS320C25 - AD662 INTERFACE 

Figure 15 illustrates the AD662 interface to a TMS320C25 digi- 
tal signal processor using the I/O port capability. The IS signal 
distinguishes the I/O address space from the local program/data 
memory space is used to enable 74F138 deco der. Th e decoded 
port addresses then gated with the R/W and STRB to provide 
the AD662 CE. As shown, this interface will support a 40 MHz 
processor without wait states. 

+5V 



‘LINEAR CIRCUITRY OMITTED FOR CLARITY. 


Figure 15. AD662 Interface to TMS32C25 


Figure 13. AD662 Interface to ADSP-2100A 
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80386 - AD662 INTERFACE 

The AD662 interface to the 803 86 microprocessor is shown in 
Figure 16. The processor’s WR signal is g ated with a decoded 
address to provide CE for the AD662. As WR returns high, 
valid data is latched into the DAC. 



•LINEAR CIRCUITRY OMITTED FOR CLARITY. 

Figure 16. 80386 - AD662 Interface 

8096 - AD662 INTERFACE 

The circuit of Figure 17 shows the interface between the 8096 
16-bit microcontroller and the AD662. In this application, the 


8096 external bus width is programmed via the chip configura- 
tion register to operate as a standard 16-bit multiplexed address/ 
data bus. A write cycle to the DAC outputs the low order 
address/data to Port 3 and the high order to Port 4. The ALE 
signal then latches the address which is decoded and gated with 
WR to control the AD662 CE. Data is latched into the DAC on 
the rising edge of WR updating the analog output. The cycle is 
now complete. 



Figure 17. 8096 - AD662 Interface 


Bipolar Around +5 V * 

A popular use for the AD662 can be found in disk drive and 
other +12 V supply applications. Tht# AD662 can be easily 
applied to create a bipolar swing around +5 V in a +12 V sys- 
tem by properly offsetting and scaling its output. Figure 18 
illustrates a circuit which has an output swing of ±2 V around a 
bipolar zero point of +5 V. A high precision voltage reference, 
AD689, creates +8.192 V from the +12 V system supply. This 
output is resistively divided to produce a temperature-stable 
bipolar zero point at +5 V. The AD847 acts as a buffer for this 
voltage and drives the AD662. The output amplifier AD711 
provides the proper scaling and offsetting. Gain and bipolar zero 


of the output are trimmed by 10 kfl and 5 kfl potentiometer, 
respectively. To trim the gain, the output of the AD711 is mea- 
sured at input code 800H (to be +5V, ideally) first. Then the 
gain is trimmed at code 000H to achieve an ouput of +2 V plus 
||.|he measured value at code 800H. The bipolar zero can then be 
trimmed by adjusting the output to +5 V for an input code of 
800H. The 2 pF capacitor cancels a parasitic capacitance at the 
negative input terminal of AD711 and improves its settling char- 
acteristics. This capacitance value should be properly chosen for 
a given circuit board. The scope photo, Figure 19, shows set- 
tling characteristics of this circuit with the outputs of AD662 
and AD711 on the same scale. 



OUTPUT OF 
AD711 


OUTPUT OF 
AD662 



Figure 19. Bipolar Output Settling Characteristics 
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ANALOG 

Monolithic 

U DEVICES 

12-Bit Quad DAC 


AD664 


FEATURES 

Four Complete Voltage Output DACs 
Data Register Readback Feature 
“Reset to Zero" Override 
Multiplying Operation 
Double-Buffered Latches 
Surface Mount and DIP Packages 

APPLICATIONS 

Automatic Test Equipment 

Robotics 

Process Control 

Disk Drives 

Instrumentation 

Avionics 


PRODUCT DESCRIPTION 

The AD664 is four complete 12-bit, voltage-output DACs on 
one monolithic IC chip. Each DAC has a double-buffered input 
latch structure and a data readback function. All DAC read and 
write operations occur through a single microprocessor-compatible 
I/O port. 

The I/O port accomodates 4-, 8- or 12-bit parallel words allowing 
simple interfacing with a wide variety of microprocessors. A 
reset to zero control pin is provided to allow a user to simultaneously 
reset all DAC outputs to zero, regardless of the contents of the 
input latch. Any one or all of the DACs may be placed in a 
transparent mode allowing immediate response by the outputs 
to the input data. 

The analog portion of the AD664 consists of four DAC cells, 
four output amplifiers, a control amplifier and switches. Each 
DAC cell is an inverting R-2R type. The output current from 
each DAC is switched to the on-board application resistors and 
output amplifier. The output range of each DAC cell is pro- 
grammed through the digital I/O port and may be set to unipolar 
or bipolar range, with a gain of one or two times the reference 
voltage. All DACs are operated from a single external reference. 

The functional completeness of the AD664 results from the 
combination of Analog Devices’ BiMOS II process, laser-trimmed 
thin-film resistors and double-level metal interconnects. 

PRODUCT HIGHLIGHTS 

1 . The AD664 provides four voltage-output DACs on one chip 
offering the highest density 12-bit D/A function available. 

2. The output range of each DAC is fully and independently 
programmable. 

3. Readback capability allows verification of contents of the 
internal data registers. 

4. The asynchronous RESET control returns all D/A outputs to 
zero volts. 

5. DAC-to-DAC matching performance is specified and tested. 


AD664 PIN CONFIGURATIONS 
44-Pin Package 


I § 


8 a 


§ 12 IS 


E _ 

lu oo 

IS 

O oo 



28-Pin DIP Package 



6. Linearity error is specified to be 1/2LSB at room temperature 
and 1LSB maximum. 

7. DAC performance is guaranteed to be monotonic over the 
full operating temperature range. 

8. Readback buffers have tristate outputs. 

9. Multiplying-mode operation allows use with fixed or variable, 
positive or negative external references. 
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SPECIFICATIONS 


(V a = + 5V, V cc = +15V, V BE = — 1 5V, Vref = +10V,T A = + 25°C unless otherwise noted) 


Model 

AD664BD/BE/TD/TE 




Min 

Typ 

Max 

Units 

RESOLUTION 


12 

12 

Bits 

ANALOG OUTPUT 





Voltage Range 1 





UNI Versions 

0 


Vcc - 2 . 0 * 

Volts 

BIP Versions 

V ee +2.0* 


Vcc - 2 . 0 * 

Volts 

Output Current 

5 



mA 

Load Resistance 


2 


m 

Load Capacitance 



500 

pF 

Short-Circuit Current 


25 

40 


ACCURACY 





Gain Error 

-5 

±2 

5 

LSB 

Unipolar Offset 

-1 

±1/4 

1 

LSB 

Bipolar Zero 2 

-2 

± 1/2 

2 

LSB 

Linearity Error 3 

- 1/2 

±0.25 

1/2 

LSB 

Linearity Tmin to T max 

-3/4 

± 1/2 

3/4 

LSB 

Differential Linearity 

- 1/2 


1/2 

LSB 

Differential Linearity T,™,, to T^ 

Monotonic @ All Temperatures 


Gain Error Drift 





Unipolar 0 to -1- 10V mode 

-10 

±5 

10 

ppm of FSR 4 /°C 

Bipolar — 5V to + 5V mode 

-10 

±5 

10 

ppm ofFSR/°C 

Bipolar - 10 V to -1- 10 V mode 

-10 

±5 

10 

ppm ofFSR/°C 

Unipolar Offset Drift 





Unipolar 0 to + 10 V mode 

-2 

± 1 

2 

ppmofFSR/°C 

Bipolar Zero Drift 





Bipolar — 5V to + 5V mode 

-10 

±5 

10 

ppm ofFSR/°C 

Bipolar - 10 V to + 10 V mode 

-10 

±5 

10 

ppm ofFSR/°C 

REFERENCE INPUT 





Input Resistance 

1.3 


2.6 

kfl 

Voltage Range 5 

V EE + 2 . 0 * 


Vcc - 2 . 0 * 

Volts 

POWER REQUIREMENTS 





v LL 

4.5 

5.0 

5.5 

Volts 

III 


0.1 

1 

mA 

Vcc/Vee 

± 11.4 


± 16.5 

Volts 

Icc 


12 

15 

mA 

Iee 


15 

19 

mA 

Total Power 


400 

525 

mW 

ANALOG GROUND CURRENT 6 

-600 

±400 

+ 600 

fxA 

MATCHING PERFORMANCE 





Gain 7 

-4 

±2 

4 

LSB 

Offset 8 

-1 

±1/4 

1 

LSB 

Bipolar Zero 9 

-2 

+ 1 

2 

LSB 

Linearity 10 

-1 

±1/2 

1 

LSB 

CROSSTALK 





Analog 



-90 

dB 

Digital 



-60 

dB 

DYNAMIC PERFORMANCE (R L = 2kO, C L = 500pF) 





Settling Time to ± 1/2LSB 





Off<— Bits— >On, GAIN = 1 ,V REF = 10 


8 

10 

p,s 

Settling Time to ± 1/2LSB 





- 10<-V ref -> 10V, GAIN = 1, Bits On 


10 


ixs 

Glitch Impulse 



500 

nV-sec 

MULTIPLYING MODE PERFORMANCE 





Reference Feedthrough @ 1kHz 


-75 


dB 

Reference - 3dB Bandwidth 




kHz 

POWER SUPPLY GAIN SENSITIVITY 





11.4V*-Vc C -*16.5V 


±2 

±5 

ppm/% 

— 16.5V<— V EE — > - 11.4V 


±2 

±5 

ppm/% 

4.5V<-V ll ->5.5V 


±2 

±5 

ppm/% 

DIGITAL INPUTS 





Vih 

2.0 



Volts 

VlL 

0 


0.8 

Volts 

Data Inputs 





Iih@V in = V ll 

-10 

±1 

10 

|aA 

Iil @ V IN = DGND 

-10 

±1 

10 

pA 

CS/DSO/DS 1/RST /RD/LS 





Iih@Vi N = V ll 

-10 

± 1 

10 

p.A 

Iil @Vi N = DGND 

-10 

±l 

10 

|aA 
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AD664 


Model 

AD664BD/BE/TD/TE 



Min Typ Max 

Units 

ms/Tr 11 



IlH@ Vin = Vll 

-10 5 10 

p.A 

Iil@V in = DGND 

-150 -85 0 

P-A 

QS0/QSI/QS2 11 



Iih@V in = V L l 

- 10 70 120 

|xA 

Iil@V in = DGND 

-10 ±1 10 

p.A 

DIGITAL OUTPUTS 



V 0 l@ 1.6mA Sink 

0.4 

Volts 

VoH@0*5mA Source 

2.4 

Volts 

DIGITAL TIMING (V IN = 0. 8 , 2 .4V) 1 2 



Data Input Mode (Figure 10) 



CS Pulse Width t C w 

80 

ns 

Data Setup t DS 

0 

ns 

Data Hold t DH 

100 

ns 

Address Setup t A s 

0 

ns 

Address Hold t AH 

30 

ns 

LS Setup t LS 

0 

ns 

LS Hold tLH 

30 

ns 

Data Input Mode (Figure 9) 



Data Setup t D s 

0 

ns 

Data Hold t DH 

0 

ns 

LS Width t LW 

80 

ns 

LS Setup tLs 

0 

ns 

CS Hold tcH 

50 

ns 

Address Setup t A s 

0 

ns 

Address Hold t AH 

30 

ns 

Mode Select (Figure 16) 



LS Setup t L s 

20 

ns 

Address Setup t AS 

0 

ns 

Data Setup t D s 

0 

ns 

LS Width t LW 

80 

ns 

CS Hold ten 

260 

ns 

Data Hold t DH 

0 

ns 

MSHoldtMH 

0 

ns 

Mode Select (Figure 17) 



MS Setup t M s 

20 

ns 

MSHoldtMH 

0 

ns 

LS Setup t L s 

0 

ns 

Data Setup tos 

0 

ns 

CS Width t w 

80 

ns 

LS Hold tLH 

85 

ns 

Data Hold t DH 

100 

ns 

Readback Mode (Figures 20,21) 



Address Setup t AS 

20 

ns 

Address Hold t AH 

30 

ns 

RD Setup t RS 

20 

ns 

RD Hold t R H 

30 

ns 

MS Setup tMs 

20 

ns 

MSHoldtMH 

30 

ns 

Data Access t DV 

240 

ns 

Data Release t DF 

75 

ns 

Address Hold t AH 

0 

ns 

Asynchronous Reset (Figure 23) 



Reset Width t w 

90 

ns 

TEMPERATURE RANGE 



KN/KP 

0 +70 

°C 

BD/BE 

-40 +85 

°C 

TD/TE 

-55 +125 

°c 


NOTES 

'A minimum power supply of ± 12.0V is required for 0 to + 10V and ± 10V operation. 

A minimum power supply of ± 11.4V is required for -5V to +5V operation. 

2 Bipolar zero error is the difference from the ideal output (0 volts) and the actual output voltage with code 100 000 000 000 applied to the inputs. 
3 Linearity error is defined as the maximum deviation of the actual DAC output from the ideal output (a straight line drawn from 0 to F.S. - 1LSB) 
4 FSR means Full-Scale Range and is 20V for ± 10V range and 10V for ±5V range. 

5 A minimum power supply of ± 12.0V is required for a 10V reference voltage. 

6 Analog Ground Current is input code dependent. 

7 Gain error matching is the largest difference in gain error between any two DACs in one package. 

8 Offset error matching is the largest difference in offset error between any two DACs in one package. 

’Bipolar zero error matching is the largest difference in bipolar zero error between any two DACs in one package. 
l0 Linearity error matching is the difference in the worst case linearity error betweeen any two DACs in one package. 

1 '44-pin versions only. 

12 Timing specifications are relative to CS. 

*For V C c<13V and V EE < - 13V. Voltage not to exceed 11V maximum. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS* 

(Specifications apply to all grades except where noted) 


Vcc to Vee • • 
Digital Inputs . 
Analog Outputs 


Vll to DGND . 
Vcc to DGND . 
Vee to DGND . 
Soldering .... 
Power Dissipation 
AGND to DGND 
Reference Input . 


. . 0 to + 7V 
. . 0 to + 18V 
. - 18V to OV 
+ 300°C, lOsec 
. . . lOOOmW 
- IV to + IV 
- 11V to + 11V 


Oto +36V 

.... -0.3V to +7V 
. . Indefinite Shorts to 
V cc j Vll? V EE and GND 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational section of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. Unused devices must be stored in conductive foam or 
shunts. The protective foam should be discharged to the destination socket before devices are removed. 



AD664 ORDERING GUIDE 1 



Output 

Temperature 

Gain 

Linearity 

Package 

Model 

Range 

Range 

Error 

Error 

Options 2 

AD664BD-UNI 

Oto Vref 

Ind 

±5LSB 

±0.5LSB 

D-28 

AD664BD-BIP 

— Vref to Vref 

Ind 

±5LSB 

±0.5LSB 

D-28 

AD664TD-UNI/883B 3 

Oto Vref 

Mil 

±5LSB 

±0.5LSB 

D-28 

AD664TD-BIP/883B 3 

“Vref to Vref 

Mil 

±5LSB 

±0.5LSB 

D-28 

AD664BE 

Programmable 

Ind 

±5LSB 

±0.5LSB 

E-44A 

AD664TE/883B 3 

Programmable 

Mil 

±5LSB 

±0.5LSB 

E-44A 


NOTES 

1 AD664KN and AD664KP commercial devices to be available soon. 
2 See Section 14 for package outline information. 

3 Consult Military Products Databook for complete specifications. 
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Figure la. 44-Pin Block Diagram 


FUNCTIONAL DESCRIPTION 

The AD664 combines four complete 12-bit voltage output D/A 
converters with a fast, flexible digital input/output port on one 
monolithic chip. It is available in two forms, a 44-pin version 
shown in Figure la and a 28-pin version shown in Figure lb. 

44-Pin Versions 

Each DAC offers flexibility, accuracy and good dynamic per- 
formance. The R-2R structure is fabricated from thin-film resistors 
which are laser-trimmed to achieve 1/2LSB linearity and guaran- 
teed monotonicity. The output amplifier combines the best 
features of the bipolar and MOS devices to achieve good dynamic 
performance and low offset. Settling time is under 10|xs and 
each output can drive a 5mA, 500pF load. Short-circuit protection 
allows indefinite shorts to Vll> Vco Vee and GND. The output 
and span resistor pins are available separately. This feature 
allows a user to insert current-boosting elements to increase the 
drive capability of the system, as well as to overcome parasitics. 

Digital circuitry is implemented in CMOS logic. The fast, low 
power, digital interface allows the AD664 to be interfaced with 
most microprocessors. Through this interface, the wide variety 
of features on each chip may be accessed. For example, the 
input data for each DAC is programmed by way of 4-, 8-, 12- 
or 16-bit words. The double-buffered input structure of this 
latch allows all four DACs to be updated simultaneously. A 
readback feature allows the internal registers to be read back 
through the same digital port, as either 4-, 8- or 12-bit words. 
When disabled, the readback drivers are placed in a high impedance 
(tristate) mode. A TRANSPARENT mode allows the input data 
to pass straight through both ranks of input registers and appear 
at the DAC with a minimum of delay. One D/A may be placed 
in the transparent mode at a time, or all four may be made 
transparent at once. The MODE SELECT feature allows the 
output range and mode of the DACs to be selected via the data 
bus inputs. An internal mode select register stores the selections. 
This register may also be read back to check its contents. A 
RESET-TO-ZERO feature allows all DACs to be reset to 0 
volts out by strobing a single pin. 



RD CS LS DS1 I 


Figure 1b. 28- Pin Block Diagram 


28-Pin Versions 

The 28-pin versions are dedicated versions of the 44-pin AD664. 
Each offers a reduced set of features from those offered in the 
44-pin version. This accommodates the reduced number of package 
pins available. Data is written and read with 12-bit words only. 
Output range and mode select functions are also not available in 
28-pin versions. As an alternative, users specify either the UNI 
(unipolar, 0 to Vref) models or the BIP (bipolar, - Vref t0 
Vref) models depending on the application requirements. Finally, 
the transparent mode is not available on the 28-pin versions. 
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Mode = UNI 

Mode = BIP 


000000000000 = OV 

000000000000 = -Vref/2 

Gain = 1 

100000000000 = Vr EF /2 

100000000000 = OV 


111111111111 = V ref -1LSB 

111111111111 = Vref/2 -1LSB 


000000000000 = OV 

000000000000 = - Vref 

Gain = 2 

100000000000 = Vref 

100000000000 = OV 


111111111111 = 2xVref -1LSB 

111111111111 = + Vref ~ 1LSB 


Table I. Transfer Functions 


DEFINITIONS OF SPECIFICATIONS 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
FS- 1LSB) for any bit conbination. This is also referred to as 
relative accuracy. The AD664 is laser-trimmed to typically main- 
tain linearity errors at less than ± 1/4LSB. 

MONOTONICITY : A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD664 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL LINEARITY: Monotonic behavior requires 
that the differential linearity error be less than 1LSB both at 
25°C as well as over the temperature range of interest. Differential 
nonlinearity is the measure of the variation in analog value, 
normalized to full scale, associated with a 1LSB change in digital 
input code. For example, for a 10V full-scale output, a change 
of 1LSB in digital input code should result in a 2.44mV change 
in the analog output (Vref = 10V, Gain= 1, 1LSB= 10V x 1/ 
4096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (1/4LSB) in 
analog output, the differential nonlinearity error would be 
- 1.83mV, or -3/4LSB. 

GAIN ERROR: DAC gain error is a measure of the difference 
between the output span of an ideal DAC and an actual device. 

UNIPOLAR OFFSET ERROR: Unipolar offset error is the 
difference between the ideal output (OV) and the actual output 


of a DAC when the input is loaded with all “Os” and the MODE 
is unipolar. 

BIPOLAR ZERO ERROR: Bipolar zero error is the difference 
between the ideal output (OV) and the actual output of a DAC 
when the input code is loaded with the MSB = “1” and the 
rest of the bits = “0” and the MODE is bipolar. 

SETTLING TIME: Settling time is the time required for the 
output to reach and remain within a specified error band about 
its final value, measured from the digital input transition. 

CROSSTALK: Crosstalk is the change in an output caused by 
a change in one or more of the other outputs. It is due to capacitive 
and thermal coupling between outputs. 

REFERENCE FEEDTHROUGH: The portion of an ac reference 
signal that appears at an output when all input bits are low. 
Feedthrough is due to capacitive coupling between the reference 
input and the output. It is specified in decibels at a particular 
frequency. 

REFERENCE 3dB BANDWIDTH: The frequency of the ac 
reference input signal at which the amplitude of the full-scale 
output response falls 3dB from the ideal response. 

GLITCH IMPULSE: Glitch impulse is an undesired output 
voltage transient caused by asymmetrical switching times in the 
switches of a DAC. These transients are specified by their net 
area (in nV-sec) of the voltage vs. time characteristic. 


PIN CONFIGURATIONS 

28-Pin DIP Package 44-Pin Package 
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ANALOG CIRCUIT CONSIDERATIONS 
Grounding Recommendations 

The AD664 has two pins, designated ANALOG and DIGITAL 
ground. The analog ground pin is the “high quality” ground 
reference point for the device. A unique internal design has 
resulted in low analog ground current. This greatly simplifies 
management of ground current and the associated induced voltage 
drops. The analog ground pin should be connected to the analog 
ground point in the system. The external reference and any 
external loads should also be returned to analog ground. 


greater than both the external reference and the inverted external 
reference. 

Output Considerations 

Each DAC output can source or sink 5mA of current to an 
external load. Short-circuit protection limits load current to a 
maximum load current of 40mA. Load capacitance of up to 
500pF can be accomodated with no effect on stability. Should 
an application require additional output current, a current boosting 
element can be inserted into the output loop with no sacrifice in 
accuracy. Figure 3 details this method. 


The digital ground pin should be connected to the digital ground 
point in the circuit. This pin returns current from the logic 
portions of the AD664 circuitry to ground. 

Analog and digital grounds should be connected at one point in 
the system. If there is a possibility that this connection be broken 
or otherwise disconnected, then two diodes should be connected 
between the analog and digital ground pins of the AD664 to 
limit the maximum ground voltage difference. 

Power Supplies and Decoupling 

The AD664 requires three power supplies for proper operation. 
Vll powers the logic portions of the device and requires 
+ 5 volts. Vcc and V E e power the remaining portions of the 
circuitry and require + 12V to + 15V and — 12V to - 15V, 
respectively. Vcc and V E e must also be a minimum of two volts 
greater then the maximum reference and output voltages 
anticipated. 

Decoupling capacitors should be used on all power supply pins. 
Good engineering practice dictates that the bypass capacitors be 
located as near as possible to the package pins. V L l should be 
bypassed to digital ground. Vcc and V EE should be decoupled 
to analog ground. 

Driving the Reference Input 

The reference input of the AD664 can have an impedance as 
low as 1.3kn. Therefore, the external reference voltage must be 
able to source up to 7.7mA of load current. Suitable choices 
include the 5V AD586, the 10V AD587 and the 8.192V AD689. 

The architecture of the AD664 derives an inverted version of 
the reference voltage for some portions of the internal circuitry. 
This means that the power supplies must be at least 2V 


SYSTEM SUPPLIES 



RETURN 


Figure 2. Recommended Circuit Schematic 



AD664 output voltage settling time is lOfjis maximum. Figure 4 
shows the output voltage settling time with a fixed 10V reference, 
gain = 1 and all bits switched from 1 to 0. 


LARGE 

SCALE 


FINE 

SCALE 


INPUT 

BITS 



Figure 4. Settling Time ; All Bits Switched from On to Off 

Alternately, Figure 5 shows the settling characteristics when the 
reference is switched and the input bits remain fixed. In this 
case, all bits are “on”, the gain is 1 and the reference is switched 
from - 5V to -I- 5 V. 
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Figure 5. Settling Time; Input Bits Fixed, Reference 
Switched 
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Multiplying Mode Performance 

Figure 6 illustrates the typical open-loop gain and phase per- 
formance of the output amplifiers of the AD664. 





o 


10k 100k 1M 

FREQUENCY 

Figure 6. Gain and Phase Performance of AD664 Outputs 


Crosstalk 

Crosstalk is a spurious signal on one DAC output caused by a 
change in the output of one or more of the other DACs. Crosstalk 
can be induced by capacitive, thermal or load current induced 
feedthrough. Figure 7 shows typical crosstalk. DAC B is set to 
output 0 volts. The outputs of DAC A, C and D switch 2kH 
loads from 10V to 0V. The first disturbance in the output of 
DAC B is caused by digital feedthrough from the input data 
lows. The second disturbance is caused by analog feedthrough 
from the other DAC outputs. 


DAC a, c. D 
OUT 


DACB 

OUT 



DIGITAL ANALOG 

CROSSTALK CROSSTALK 


Figure 7. Output Crosstalk 


Output Noise 

Wideband output noise is shown in Figure 8. This measurement 
was made with a 7MHz noise bandwidth, gain = 1 and all 
bits on. The total rms noise is approximately one fifth the visual 
peak-to-peak noise. 



Figure 8. Typical Output Noise 

As Table II shows, the AD664 makes a wide variety of operating 
modes available to the user. These modes are accessed or pro- 
grammed through the high-speed digital port of the quad DAC. 
On-board registers program and store the DAC input codes and 
the DAC operating mode data. All registers are double-buffered 
to allow for simultaneous updating of all outputs. Register data 
may be read back to verify the respective contents. The digital 
port also allows transparent operation. Data from the input pins 
can be sent directly through both ranks of latches to the DAC. 

Parti al a ddres s decoding is performed by the DSO, DS1, QSO, 
QS1 and QS2 address bits. 

The RST pin provides a simple method to reset all output 
voltages to zero. Its advantages are speed and low software 
overhead. 

INPUT DATA 

In general, two types of data will be input to the registers of the 
AD664, input code data and mode select data. Input code data 
sets the DAC inputs while the mode select data sets the gain 
and range of each DAC. 

The versatile I/O port of the AD664 allows many different types 
of data input schemes. For example, the input code for just one 
of the DACs may be loaded and the output may or may not be 
updated. Or, the input codes for all four DACs may be written, 
and the outputs may or may not be updated. 

The same applies for MODE SELECTION. The mode of just 
one or many of the DACs may be rewritten and the user can 
choose to immediately update the outputs or wait until a later 
time to transfer the mode information to the outputs. 

A user may also write both input code and mode information 
into their respective first ranks and then update all second ranks 
at once. 

Finally, transparent operation allows data to be transferred from 
the inputs to the outputs. This feature is useful, for example, in 
a situation where one of the DACs is used in an A/D converter. 
The SAR register could be connected directly to a DAC by 
using the transparent mode of operation. Another use for this 
feature would be during system calibration where the endpoints 
of the transfer function of each DAC would be measured. For 
example, if the full-scale voltages of each DAC were to be meas- 
ured, then by making all four DACs transparent and putting all 
“Is” on the input port, all four DACs would be at full-scale. 
This requires far less software overhead than loading each register 
individually. 

The following sections detail the timing requirements for various 
data loading schemes. 
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_____ 

Function 

DS1,DS0 

LS 

MS 

TR 

QS0, 1, 2' 

RD 

CS 

RST 

Load 1st Rank (data) 



wm 

wm 


m 

■Bn 


DACA 

00 



: I 

Select Quad 

IB 

B 

1 

DACB 

01 


u 

wm 

Select Quad 

IB 


1 

DACC 

10 


WM 

IB 

Select Quad 

IB 


1 

DACD 

11 


IB 

IB 

Select Quad 

IB 


1 

Load 2nd Rank (data) 

XX 

1 

1 

i 

XXX 

l 

l->0 

1 

Readback 2nd Rank (data) 

Select D/A 

X 

1 

i 

Select Quad 

0 

l->0 

1 

Reset 

XX 

X 

X 

X 

XXX 

X 

X 

0 

Transparent 1 



mm 






All DACs 

XX 

1 


0 


l 

l->0 

1 

DACA 

00 

0 

i 

0 

000 

i 

l-*0 

1 

DACB 

01 

0 

i 

0 

000 

l 

1-K) 

1 

DACC 

10 

0 

i 

0 

000 

i 

l->0 

1 

DACD 

11 

0 

i 

0 

000 

l 

l-*0 

1 

Mode Select 1,2 




wm 


m 

Bl 


1st Rank 

XX 

0 

0 


oox 

E 

WtM 

1 

2nd Rank 

XX 

1 

0 

in 

XXX 

IB 

Bl 

1 

Readback Mode 1 

XX 

X 

0 

i 

oox 

0 

1-K) 

1 


Notes: X = don’t care. 

1 For 44-pin versions only 

2 ForMS,TR,LS = 0,aMS 1st write occurs. 


Table II. AD664 Digital Truth Table 


Load and Update One DAC Output 

In this first example, the object is simply to change the output 
of one of the four DACs on the AD664 chip. The procedure is 
to select the address bits tha t indicate the DAC to be programmed, 
pull LATCH SELECT(LS) _low, pull CHIP SELECT(CS) low, 
release LS and then release CS. When CS goes low, data enters 
the first rank of the input latch. As soon as LS goes high, the 
data is transferred into the second rank and pr oduc es t he new 
output voltage. During this transfer, MS, TR, RD and RST 
should be held high. 


DATA 

INPUT/OUTPUT 

BITS 

DATA VALID 

i 


-*| t DS |«- ~H 

1 h“t 0 „ 

ADDRESS 

\# » i 

i \/ 

QSO, QS1.QS2 

I ADDRESS VALID I 

DSO. DS1 

A • ! 

' A 

•H «AS h- -*i 

tAH }•” 

LS 




<«-) k A 

*-t CH 

CS V 



Preloading the First Rank of One DAC 

In this case, the object is to load new data into the first rank of 
one of the DACs but not the output. As in the previous case, 
the address and data inputs are placed on the appropriate pins. 
LS is then brought to “0” and then CS is asserted. Note that in 
this situation, however, CS goes high before LS goes high. The 
input data is prevented from getting to the second rank and 
affecting the output voltage. 

data w \j 

INPUT/OUTPUT I DATA VALID Y 

BITS A A 


-H tps K “H 


ADDRESS W i i \l 

QSO, QS1.QS2 Y ADDRESS VALID Y 

DS0.DS1 /V ! • A 



tAH K 

B l 

1 

h l LS — *\ 

1 -*i 

V 1 

| u„ V- 

CS ' 

1 

1 

tew 


Figure 9. Update Output of a Single DAC Figure 10. Preload First Rank of a DAC 

This allows the user to “preload” the data to a DAC and strobe 
it into the output latch at some future time. The user could do 
this by reproducing the sequence of signals illustrated in the 
next section. 
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Update Second Rank of a DAC 

Assuming that a new input code had previously been placed 
into the first rank of the input latches, the user can update t he 
output of the DA C by s imply pulling CS low while keeping LS, 
MS, TR, RD and RST high. Address data is not needed in this 
case. In reality, all second ranks are being updated by this pro- 
cedure, but only those which receive data different from that 
already there would manifest a change. Updating the second 
rank does not change the contents of the first rank . 


DATA 

INPUT/OUTPUT 

BITS 






ADDRESS 
QSO, QS1.QS2 
DSO, DS1 


1 

0 





LS. TR. MS 
RD, RST 


1 

0 t cw = 85ns MIN 


o 


Figure 1 1. Update Second Rank of a DAC 


The same options that exist for individual DAC input loading 
also exist for multiple DAC input loading. That is, the user can 
choose to update the first and second ranks of the registers or 
preload the first ranks and then update them at a future time. 

Load and Update Multiple DAC Outputs 

The following examples demonstrate two ways to update all 
DAC outputs. The first method involves doing all data transfers 
during one long CS low period. Note that in this case, shown in 
Figure 12, LS returns high before CS goes high. Data hold 
time, relative to an address change, is 70ns. This updates the 
outputs of all DACs simultaneously. 


DATA 

INPUT/OUTPUT 

BITS 


ADDRESS 
QSO, QS1,QS2 
DSO, DS1 


n 

( DAC1 \ 
\ WORD 1 

( DAC2 1 
V WORD } 

{ DAC3 ' 
\ WORD j 

X 

«■ a 

occ 

<o 

-*jJ*-70NS 

T1 

ZD 

ZD 

ZD 

C_ 


ls \ r~ 

55 \ / 


Figure 12. Update AH DAC Outputs 

Th e second method involves doing a CS assertion (low) and an 
LS toggle separately for each DAC. It is basically a series of 
preload operations (Figure 10). In this case, illustrated in 
Figure 13, two LS signals are shown. One, labelled LS, goes 
high before CS returns high. This transfers the “new” input 
word to the DAC outputs sequentially. The second LS signal, 
labelled Alternate LS, stays low until CS returns high. Using 
this sequence loads the first ranks with each “new” input word 
but doesn’t update the DAC outputs. To then update all DAC 
outputs simultaneously would require the signals illustrated in 
Figure 11. 



Figure 13. Load and Update Multiple DACs 


Preload Multiple First Rank Registers 

The first ranks of the DAC input registers may be preloaded 
with new input data without disturbing the second rank data. 
This is done by transferring the data into the first rank by bringing 
CS low while LS is low. But CS must return high before LS. 
This prevents the data from the first rank from getting into the 
second rank. A simple second rank update cycle as shown in 
Figure 1 1 would move the “preloaded” information to the 
DACs. 


DATA 

INPUT/OUTPUT 

BITS 


ADDRESS 
QSO, QS1,QS2 
DSO, DS1 



- “\ 


F 


- \ r 

Figure 14. Preload First Rank Registers 

Selecting Gain Range and Modes (44-Pin Versions) 

The AD664’s mode select feature allows a user to configure the 
gain ranges and output modes of each of the four DACs. On-board 
switches take the place of up to eight external relays that would 
normally be required to accomplish this task. The switches are 
programmed by the mode select word entered via the data I/O 
port. The mode select word is eight bits wide and occupies the 
topmost eight bits of the input word. The last four bits of the 
input word are “don’t cares.” 

Figure 15 shows the format of the MODE SELECT word. The 
first four bits determine the gain range of the DAC. When set 
to be a gain of 1, the output of the DAC spans a voltage of 1 
times the reference. When set to a gain of 2, the output of the 
DAC spans a voltage of 2 times the reference. 

The next four bits determine the mode of the DAC. When set 
to UNIPOLAR, the output goes from 0 to REF or 0 to 2REF. 
When the BIPOLAR mode is selected, the output goes from 
-REF/2 to REF/2 or -REF to REF. 


DB11 DB4 


GA 

GB 

GC 

GD 

MA 

MB 

MC 

MD 


GX = "0", GA1N = 1 
GX= "1", GAIN = 2 
MX = "0", UNIPOLAR 
MX = 'T\ BIPOLAR 


Figure 15. Mode Select Word Format 
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Load and Update Mode of One DAC 

In this next example, the object is to load new mode information 
for one of the DACs into the first rank of latches and then 
immediately update the second rank. This is done by putting 
the new mode information (8-bit word length) onto the databus. 
Then MS and LS are pulled low. Following that, CS is pulled 
low. This loads the mode information into the first rank of 
latches. LS is then brought high. This action updates the second 
rank of latches (and, therefore, the DAC outputs). The load 
cycle ends when CS is brought high. 

In reality, this load cycle really updates the modes of all the 
DACs, but the effect is to only change the modes of those DACs 
whose mode select information has actually changed. 


The f ully t ransp arent mode is selected by asserting lows on 

QSO, QS1, QS2, TR and CS while asserting highs on LS, MS 
and RD. Figure 18 illustrates the correct timing relationships 
for those signals. Address setup and TR setup times are Ons 
minimum. 


QSO, QS1, QS2 


TR 


CS 



MS 

“•j tft/is | 

b- 

| t MH 

DATA 

INPUT/OUTPUT 

BITS 

V MODE SELECT \ 

A DATA WORD \ 


tos -*] | 

h d 

[•" tDH 

LS 

Jq 




H tLs 
— — 

i* J 

tcH 

r 




Figure 16. Load and Update Mode of One DAC 
Preloading the Mode Select Register 

Mode data can be written into the first rank of the mode select 
latch without changing the modes currently being used. This 
feature is useful when a user wants to preload new mode infor- 
mation in anticipation of strobing that in at a future time. Figure 
17 illustrates the correct sequence of control signals to accomplish 
this task. (A second rank load requires CS = 320ns.) 



Figure 17. Preload Mode Select Register 

Transparent Mode Operation (44-Pin Versions) 

Transparent operation allows data from the inputs of the AD664 
to be transferred into the DAC registers without the intervening 
step of being latched into the first rank of latches. Two modes 
of transparent operation exist, the “partially transparent” mode 
and a “fully transparent” mode. In the “partially transparent” 
mode, one of the DACs is transparent while the remaining three 
continue to use the data latched into their respective input registers. 
Both modes require a 12-bit wide input word! 


Figure 18. Fully Transparent Operation 

The pa rtiall y tran s paren t mode of operation is achieved by 
setting QSO, QS1, QS2, LS and TR low while RD and MS are 
high. The address of the transparent DAC is asserted on DSO 
and DS1. Figure 19 illustrates the correct seque nce of thos e 
signa ls. The required minimum setup times for QSO, QS1, 
QS2, DSO, DS1, TR and LS are again Ons. 

ADDRESS 

QSO, QS1, QS2 
DSO, DS1 


TR, LS 


CS 


Figure 19. Partially Transparent Operation 

OUTPUT DATA 

Two types of outputs may be obtained from the internal data 
registers of the AD664 chip, mode select apd DAC input code 
data. Readback data may be in the same forms in which it can 
be entered; 4-, 8-, and 12-bit wide words (12 bits only for 28-pin 
versions). 

DAC Data Readback 

DAC input code readback data is obt ained by setting the address 
of the DAC (DSO, DS1) and Quads (QSO, QSl, QS2) on the 
address pins and bringing the RD and CS pins low. The timing 
diagram for a DAC code readback operation appears in 
Figure 20. 




Figure 20. DAC Input Code Readback 
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Mode Data Readback 

Mod e data is re ad back in a similar fashion. By setting MS, 

QSO, QS1, RD and CS low while setting TR and RST high, the 
mode select word is presented to the I/O port pins. Figure 21 
shows the timing diagram for a readback of the mode select data 
register. 



Figure 21. Mode Select Readback 


At power-up, an AD664 may be activated in either the read or 
write modes. While, at the device level, this will not produce 
any problems, at the system level it may. Analog Devices 
recommends the addition of a simple power-on reset scheme to 
any system where the possibility of an unknown start-up state 
could be a problem. The simplest version of this scheme is 
illustrated in Figure 24. 


+ 5V 



Figure 24. Power-On Reset 


OUTPUT LOADS 

Readback timing is tested with the output loads shown in 
Figure 22. 


+ 5V 




HIGH Z "0" 


HIGH Z 


" 1 " 


OUTPUT 

PIN 


+ 5V 




"0" -► HIGH Z 


"1" -► HIGH Z 


Figure 22. Output Loads 
Asynchronous Reset Operation 

The asynchronous reset signal shown in Figure 23 may be asserted 
at any time. A minimum pulse width (t RW ) of 90ns is required. 
The reset feature is designed to return all DAC outputs to 
0 volts regardless of the mode or range selected. In the 44-pin 
versions, the modes are reset to unipolar 10V span (gain of 1), 
and the input codes are rewritten to be “Os.” Previous DAC 
code and mode information is erased. 

In the 28-pin versions of the AD664, the mode remains unchanged, 
the appropriate input code is rewritten to reset the output voltage 
to 0 volts. As in the 44-pin versions, the previous input data is 
erased. 



Figure 23. Asynchronous Reset Operation 


It is obvious from inspection that the scheme s hown in Figure 
24 is only appropriate for systems in which the RST pin is 
otherwise not used. Should the user wish to use the RST pin, 
an additional logic gate may be included to combine the power-on 
reset with the reset signal. 

Interfacing the AD664 To Microprocessors 
The AD664 is easy to interface with a wide variety of popular 
microprocessors. Common architectures include processors with 
dedicated 8-bit data and address buses, an 8-bit bus over which 
data and address are multiplexed, an 8-bit data and 16-bit address 
partially muxed, and separate 16-bit data and address buses. 

AD664 addressing can be accomplished through either memory- 
mapped or I/O techniques. In memory-mapped schemes, the 
AD664 appears to the host microprocessor as RAM memory. 
Standard memory addressing techniques are used to select the 
AD664. In the I/O schemes, the AD664 is treated as an external 
I/O device by the host. Dedicated I/O pins are used to address 
the AD664. 

MC6801 Interface 

In Figures 25a-25d, we illustrate a few of the various methods 
that can be used to connect an AD664 to the popular MC6801 
microprocessor. In each of these cases, the MC6801 is intended 
to be configured in its expanded, nonmultiplexed mode of oper- 
ation. In this mode, the MC6801 can address 256 bytes of external 
memory over 8-bit data (Port 3) and 8-bit address (Port 4) buses. 
Eight general-purpose I/O lines (Port 1) are also available. On- 
board RAM and ROM provide program and data storage space. 

In Figure 25a, the three least significant address bits (P40, P41 
and P42) are employed to select the appropriate on-chip addresses 
for the various input registers of the AD664. Three I/O lines 
(P17, P16 and P15) are used to select various operating features 
of the the AD664. IOS and E(nable) are combined to produce 
an appropriate CS signal. This addressing scheme leaves the five 
most significant address bits and five I/O lines free for other 
tasks in the system. 

Figure 25b shows another way to interface an AD664 to the 
MC6801. Here we’ve used the six least significant address lines 
to select AD664 features and registers. This is a purely memory- 
mapped scheme while the one illustrated in Figure 25a uses 
some memory-mapping as well as some dedicated I/O pins. In 
Figure 25b, two address lines and all eight I/O lines remain free 
for other system tasks. 


2- 1 14 DIGITAL-TO-ANALOG CONVERTERS 





Figure 25a. Simple AD664 to MC6801 Interface 



Figure 25b. Alternate AD664 to MC6801 Interface 
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Figure 25c. Interfacing Two AD664s to an MC6801 
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Expansion of the scheme employed in Figure 25a results in that 
shown in Figure 25c. Here, two AD664s are connected to an 
MC6801, providing a total of eight 12-bit, software programmable 
DACs. Again, the three least significant bits of address are used 
to select the on-chip registers of the AD664. IOS and E, as well 
as a fourth address bit, are decoded to provide the appropriate 
CS signals. Four address and five I/O lines remain uncommitted. 

A slightly more sophisticated approach to system expansion is 
illustrated in Figure 25d. Here, a 74LS138 (l-of-8 decoder) is 
used to address one of the eight AD664s connected to the MC6801 . 
The three least significant address bits are used to select on-chip 
register and DAC. The next three address bits are used to select 
the appropriate AD664. IOS and E gate the 74LS138 output. 

The schemes in Figure 25 illustrate some of the trade-offs which 
a designer may make when configuring a system. For example, 
the designer may use I/O lines instead of address bits or vice 
versa. This decision may be influenced by other I/O tasks or 
system expansion requirements. He/she can also choose to im- 
plement only a subset of the features available. Perhaps the 
RST pin isn’t really needed. Tying that input pin to Vlogic 


frees up another I/O or address bit. The same consideration 
applies to mode select. In all of these cases TR is shown tied to 
Vlogic? because the MC6801 cannot provide the 12-bit-wide 
input word required for the transparent mode. In situations 
where transparent operation isn’t required, and mode select is 
also not needed, the designer may consider specifying the DIP 
version of the device (either the UNI or BIP version). 

Each of the schemes illustrated in Figure 25 operates with an 
MC6801 at clock rates up to and including 1.5MHz. Similar 
schemes can be derived for other 8-bit microprocessors and 
microcontrollers such as the 8051/8086/8088/6502, etc. One 
such scheme developed for the 8051/AD664 is illustrated in 
Figure 26. 

8051 Interface 

Figure 26 shows the AD664 combined with an 8051 ^.controller 
chip. Three LSBs of address provide the quad and DAC select 
signals. Control signals from Port 1 select various operating 
modes such as readback, mode select and reset as well as providing 
the LS signal. Read and write signals from the 8051 are decoded 
to provide the CS signal. 



Figure 26. AD664 to 8051 Interface 
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IBM PC* Interface 

Figure 27 illustrates a simple interface between an IBM PC and is required to transfer the word or words previously written to 

an AD664. The three least significant address bits are used to the second rank. A 12-bit-wide word again requires at least two 

select the Quad and DAC. The next two address bits are used read cycles; one for the 8MSBs and four for the LSBs. The 

for LS and MS. In this scheme, a 12-bit input word requires page select signal produces a CS strobe for any address from 

two load cycles, an 8-bit word and a 4-bit word. Another write 300H to 31FH. 



Figure 27. AD664 to IBM PC Interface 


*EBM PC is a trademark of International Business Machines Corp. 
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Table III, shown below details the memory locations and addresses 
used by this interface. 


HEX 

A9 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

A0 

REGISTER SELECTED 

300 





C 


C 


n 


( 



) 

0 

0 

0 

Illegal Address 

301 









■ 




■ 


0 

0 

1 

Mode Select, 1st Rank 

302 









1 






0 

1 

0 

Illegal Address 

303 









fi 




I 


0 

1 

1 

Mode Select, 1st Rank 

304 









s 




I 


1 

0 

0 

Illegal Address 

305 









■ 




1 


1 

0 

1 

Mode Select, 1st Rank 

306 









■ 




1 


1 

1 

0 

Illegal Address 

307 









B 




K 


1 

1 

1 

Mode Select, 1st Rank 

308 













l 

0 

0 

0 

Mode Select, 2nd Rank 

309 












: : 



0 

0 

lilll 



30A 









II 






0 

1 

0 



30B 









vl 






0 

1 

1 



30C 









■ 






1 

0 

0 



30D 















1 

0 

1 



30E 









1 






1 

1 

0 



30F 












t 


f 

1 

1 

1 

1 

r 

310 














) 

0 

0 

0 

DAC A, 4LSBs, 1st Rank 

311 









B 






0 

0 

1 

DAC A, 8MSBs, 1st Rank 

312 









fl 






0 

1 

0 

DAC B, 4LSBs, 1st Rank 

313 









HI 






0 

1 

1 

DAC B, 8MSBs, 1st Rank 

314 









B 






1 

0 

0 

DAC C, 4LSBs, 1st Rank 

315 









B 






1 

0 

1 

DAC C, 8MSBs, 1st Rank 

316 









B 






1 

1 

0 

DAC D, 4LSBs, 1st Rank 

317 














r 

1 

1 

1 

DAC D, 8MSBs, 1st Rank 

318 













j 

0 

0 

0 


319 









ft 




■ 


0 

0 

1 



31A 









ft 




$ 


0 

1 

0 



31B 















0 

1 

1 


M :] 

31C 













1 


1 

0 


* /' 


31D 









a 




* 



0 




31E 













& 


l 

1 

lUfe 



31F 


l J 


f 


t i 


' 


f 


l 

M 


1 

1 

tab 


f 


N ote : Shaded registers are readable . 


Table III. IBM PC Memory Map 
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The following IBM PC Basic routine produces four output 
voltage ramps from one AD664. Line numbers 10 through 70 
define the hardware addresses for the first and second ranks of 
DAC registers as well as the first and second ranks of the mode 
select register. Program variables are initialized in line numbers 
110 through 130. Line number 170 writes “0s” out to the first 
rank and, then, the second rank of the mode select register. 


Line numbers 200 through 320 calculate output voltages. Finally 
line numbers 410 through 450 update the first, then the second 
ranks of the DAC input registers. Hardware registers may be 
read with the “INP” instruction. For example, the contents of 
the DAC A register may be accessed with the following com- 
mand: Line# A = INP(DACA). 


5 REM AD664 LI S3 A JO US PATTERNS 

10 REM ---ASSIGN HARDWARE ADDRESSES— 

20 DACA = 785 

30 DAC 5 = 757 

40 DACC = 789 

50 DACD = 791 

60 DAC2ND = 792 
70 M0DE1 = 769 :M0DE2 = 776 
80 REM 

90 REM 

100 REM INITIALIZE VARIABLES 

1 1 0 X=0: VI = 1 28: Y2 = 64: Y3 = 32 

120 CX = 1:CY1 = 1 : CY2 - - 1 : CY3 = 1 

130 FX = 9: FY 1 = 5: FY2 = 13:FY3 = 15 

1 40 REM 

150 REM 

160 REM ---INITIALIZE MODES AND GAINS- — 

170 OUT MODE 1,0: OUT M0DE2.0 
1 80 REM 

190 REM 

200 REM —CALCULATE VARIABLES— 

210 X = X + FX*CX 

220 VI = VI + FY1*CY1 

230 Y2 = Y2 + FY2*CY2 

240 Y3 = Y3 + FY3*CY3 

250 IF X > 255 THEN X = 255: CX = - 1 : GOTO 270 

260 I F X < 0 THEN X = 0: CX = 1 

270 IF Y1 >255 THEN Y1 = 255. CY1 = -1:GGT0 29G 

280 I F Y 1 < 0 THEN Y1 =0: CY 1 = 1 

290 IF Y2 > 255 THEN Y2 =255: CY2=- 1 : GOTO 310 

300 IF Y2 < 0 THEN Y2 = 0: CY2=- 1 

310 IF Y3 > 255 THEN Y3 = 255: CY3=- 1 : GOTO 400 

320 IF Y3 < 0 THEN Y3=G: CY3=1 

330 REM 

340 REM 

400 REM —SEND DAC DATA— 

410 OUT DACA .X 

420 OUT DAC6,Y1 

430 OUT DACC /Y 2 

440 OUT DACD,Y3 

450 OUT DAC 2ND ,0 

500 REM 

510 REM 

520 REM - --LOOP BACK- 

530 GOTO 210 
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Simple AD664 to MC68000 Interface This scheme can be converted to write “right-justified” data by 

Figure 28 shows an AD664 connected to an MC68000. In this connecting the data inputs to DATA bits DO through Dll 

memory-mapped I/O scheme, the “left-justified” data is written respectively. Other optio ns in clude controlling the QSO, QS1 

in one 12-bit input word. Four address bits are used to perform and QS2 pins with UDS and LDS to provide a way to write 

the on-chip D/A selection as well as the various operating features. 8-bit input and read 8-bit output words. 

The R/W signal controls the RD function and system reset 
controls RST. 


MC68000 

MICROPROCESSOR 



Figure 28. AD664 to MC68000 Interface 
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Figure 29. AD664 in a "Tester-Per-Pin" Architecture 


APPLICATIONS OF THE AD664 
“Tester-Per-Pin” ATE Architecture 

Figure 29 Shows the AD664 used in a single channel of a digital 
test system. In this scheme, the AD664 supplies four individual 
output voltages. Two are provided to the Vhigh and Vlow 
inputs of the AD345 pin driver I. C. to set the digital output 
levels. Two others are routed to the inputs of the AD96687 dual 
comparator to supply reference levels of the readback features. 
This approach can be replicated to give as many channels of 
stimulus/readback as the tester has pins. The AD664 is a par- 
ticularly appropriate choice for a large-scale system because the 
low power requirements (under 500mW) ease power supply and 
cooling requirements. Analog ground currents of 600 fx A or less 
make the ground current management task simpler. All DACs 
can be driven from the same system reference and will track 
over time and temperature. Finally, the small board area required 
by the AD664 (and AD345 and AD96687) allows a high functional 
density. 

X-Y Plotters 

Figure 30 is a block diagram of the control section of a micro- 
processor-controlled X-Y pen plotter. In this conceptual exercise, 
two of the DACs are used for the X-channel drive and two are 
used for the Y-channel drive. Each provides either the coarse or 
fine movement control for its respective channel. This approach 
offers increased resolution over some other approaches. 

A designer can take advantage of the reset feature of the AD664 
in the following manner. If the system is designed such that the 
“HOME” position of the pen (or galvanometer, beam, head or 
similar mechanism) results when the outputs of all of the DACs 
are at zero, then no system software is required to home the 
pen. A simple reset signal is sufficient. 

Similarly, the transparent feature could be used to the same 
end. One code can be sent to all DACs at the same time to send 
the pen to the home position. Of course, this would require 
some software where the previous example would require only a 
single reset strobe signal! 


Drawing scaling can be achieved by taking advantage of the 
AD664’s software programmable gain settings. If, for example, 
an “A” size drawing is created with gain settings of 1, then a 
“C” size drawing can be created by simply resetting all DAC 
gains to 2 and redrawing the object. Conversely, a “C” size 
drawing created with gains of 2 can be reduced to “A” size 
simply by changing the gains to 1 and redrawing. The same 
principal applies for conversion from “B” size to “D” size or 
“D” size to “B” size. The multiplying capability of the AD664 
provides another scaling option. Changing the reference voltage 
provides a proportional change in drawing size. Inverting the 
reference voltage would invert the drawing. 

Swapping digital input data from the X channel to the Y channel 
would rotate the drawing 90 degrees. 



TRANS ADDRESS DATA RESET 

Figure 30. X-Y Plotter Block Diagram 
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ANALOG 

DEVICES 


Microprocessor-Compatible 
12-Bit D/A Converter 



FEATURES 

Complete 12-Bit D/A Function 
Double-Buffered Latch 
On Chip Output Amplifier 
High Stability Buried Zener Reference 
Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 
Settling Time: 3ps max to 0.01% 

Guaranteed for Operation with ±12V or ±15V 
Supplies 

Low Power: 300mW Including Reference 
TTL/5V CMOS Compatible Logic Inputs 
Low Logic Input Currents 


+ Vcc POWER 

GND 

The AD667 is available in five performance grades. The AD667J 
and K are specified for use over the 0 to + 70°C temperature 
range and are available in a 28-pin molded plastic DIP (N) or 
PLCC (P) package. The AD667S grade is specified for the 
— 55°C to + 125°C range and is available in the ceramic DIP 

(D) or LCC (E) package. The AD667A and B are specified for 
use over the - 25°C to 4 - 85°C temperature range and are available 
in either a 28-pin hermetically sealed ceramic DIP (D) or LCC 

(E) package. 

PRODUCT HIGHLIGHTS 

1 . The AD667 is a complete voltage output DAC with voltage 
reference and digital latches on a single IC chip. 

2. The double-buffered latch structure permits direct interface 
to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are TTL 
or 5 volt CMOS compatible. 

3. The internal buried Zener reference is laser- trimmed to 10.00 
volts with a ±1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 

5. The precision high speed current steering switch and on-board 
high speed output amplifier settle within 1/2LSB for a 10V 
full scale transition in 2.0juls when properly compensated. 


♦Covered by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; and others pending. 


PRODUCT DESCRIPTION 

The AD667 is a complete voltage output 12-bit digital-to-analog 
converter including a high stability buried Zener voltage reference 
and double-buffered input latch on a single chip. The converter 
uses 12 precision high speed bipolar current steering switches 
and a laser trimmed thin film resistor network to provide fast 
settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip double- 
buffered latch. The design of the input latch allows direct interface 
to 4-, 8-, 12-, or 16-bit buses. The 12 bits of data from the first 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as 100ns, allowing use with 
the fastest available microprocessors. 

The functional completeness and high performance in the AD667 
results from a combination of advanced switch design, high 
speed bipolar manufacturing process, and the proven laser wafer- 
trimming (LWT) technology. The AD667 is trimmed at the 
wafer level and is specified to ± 1/4LSB maximum linearity 
error (K, B grades) at 25°C and ± 1/2LSB over the full operating 
temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity, is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD667 is 
thus well suited for wide temperature range performance with 
± 1/2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full scale gain T.C. is 
5ppm/°C. 
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(T a = +25°C, ± 12V. ± 15V power supplies unless otherwise noted) 


Model 

Min 

AD667J 

Typ 

Max 

Min 

AD667K 

Typ 

Max 

Units 

DIGITAL INPUTS 








Resolution 



12 



12 

Bits 

Logic Levels (TTL Compatible, Tn^-Tm,,*) 1 








Vih (Logic “1”) 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

V 

Vil (Logic “0”) 

0 


+ 0.8 

0 


+ 0.8 

V 

Iih(V ih = 5.5V) 


3 

10 


3 

10 

jaA 

Iil (Vil = 0.8V) 


1 

5 


1 

5 

M.A 

TRANSFER CHARACTERISTICS 








ACCURACY 








Linearity Error @ + 25°C 


±1/4 

±1/2 


±1/8 

±1/4 

LSB 

Ta = T m j n to T max 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Differential Linearity Error @ + 25°C 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

TA = T m i n toT max 

Monotonicity Guaranteed 

Monotonicity Guaranteed 

LSB 

Gain Error 2 


±0.1 

±0.2 


±0.1 

±0.2 

% of FSR 3 

Unipolar Offset Error 2 


±1 

±2 


±1 

±2 

LSB 

Bipolar Zero 2 


±0.05 

±0.1 


±0.05 

±0.1 

% of FSR 

DRIFT 








Differential Linearity 


±2 



±2 


ppmofFSR/°C 

Gain (Full Scale) T A = 25°C to Tnun or T^ 


±5 

±30 


±5 

±15 

ppmofFSR/°C 

Unipolar Offset T A = 25°C to T,™, or T,,^ 


±1 

±3 



±3 

ppmofFSR/°C 

Bipolar Zero T A = 25°C to T^ or T^ 


±5 

±10 



±10 

ppmofFSR/°C 

CONVERSION SPEED 








Settling Time to ±0.01% of FSR for 








FSR Change (2kO||500pF load) 








with lOkft Feedback 


3 

4 


3 

4 

M-S 

with 5kfl Feedback 


2 

3 


2 

3 

|AS 

For LSB Change 


1 



1 


M-S 

Slew Rate 

10 



10 



V/|AS 

ANALOG OUTPUT 








Ranges 4 


±2.5, ±5, 

±10, 


±2.5, ±5, ± 

10, 

V 



+ 5, +10 



+ 5, + 10 



Output Current 

±5 



±5 



mA 

Output Impedance (dc) 


0.05 



0.05 


n 

Short Circuit Current 



40 



40 

mA 

REFERENCE OUTPUT 

9.90 

10.00 

10.10 

9.90 

10.00 

10.10 

V 

External Current 

0.1 

1.0 


0.1 

1.0 


mA 

POWER SUPPLY SENSITIVITY 








V cc = + ll'.4to + 16.5V dc 


5 

10 


5 

10 

ppm ofFS/% 

Vee = -11.4to- 16.5V dc 


5 

10 


5 

10 

ppm ofFS/% 

POWER SUPPLY REQUIREMENTS 








Rated Voltages 


±12, ±15 



±12, ±15 


V 

Range 4 

±11.4 


±16.5 

±11.4 


±16.5 

V 

Supply Current 








+ 11.4 to + 16.5 V dc 


8 

12 


8 

12 

mA 

-11. 4 to -16.5V dc 


20 

25 


20 

25 

mA 

TEMPERATURE RANGE 








Specification 

0 


+ 70 

0 


+ 70 

°C 

Storage 

-65 


+ 125 

-65 


+ 125 

°C 


NOTES 

'The digital input specifications are 100% tested at +25°C, and guaranteed but not tested over the full temperature range. 
Adjustable to zero. 

3 FSR means “Full Scale Range” and is 20V for ± 10V range and 10V for the ±5V range. 

4 A minimum power supply of ± 12.5V is required for a ± 10V full scale output and ± 11.4V is required for all other voltage ranges. 


Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

TIMING SPECIFICATIONS 

(All Models, T a = 25°C,Vcc= + 12V or + 15V, 

V EE = - 12Vor - 15V) 


Symbol Parameter 

Min 

Typ 

Max 


Data Valid to End of CS 

50 

- 

•- 

ns 

t AC Address Valid to End of CS 

100 

- 

- 

ns 

tep CS Pulse Width 

100 

- 

- 

ns 

t DH Data Hold Time 

0 

- 

- 

ns 

tsETT Output Voltage Settling Time 

- 

2 

4 

|XS 


ABSOLUTE MAXIMUM RATINGS 

Vcc to Power Ground 0V to + 18V 

V EE to Power Ground 0V to - 18V 

Digital Inputs (Pins 11-15, 17-28) 

to Power Ground - 1.0V to +7.0V 

Ref In to Reference Ground ± 12V 

Bipolar Offset to Reference Ground ± 12V 

10V Span R to Reference Ground ± 12V 

20V Span R to Reference Ground ± 24V 

Ref Out, Vout (Pins 6, 9) . . Indefinite short to power ground 

Momentary Short to Vcc 
Power Dissipation lOOOmW 
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AD667 


Model 

AD667A 
Min Typ 

Max 

AD667B 
Min Typ 

Max 

AD667S 
Min Typ 

Max 

Units 

DIGITAL INPUTS 








Resolution 


12 


12 


12 

Bits 

Logic Levels (TTL Compatible, T^-T 








Vih (Logic “1”) 

+ 2.0 

+ 5.5 

+ 2.0 

+ 5.5 

+ 2.0 

+ 5.5 

V 

V IL (Logic “0”) 

0 

+ 0.8 

0 

+ 0.8 

0 

+ 0.7 

V 

Iih ( Vih = 5.5V) 

3 

10 

3 

10 

3 

10 

HA 

Iil ( Vil = 0 . 8 V ) 

1 

5 

1 

5 

1 

5 

MlA 

TRANSFER CHARACTERISTICS 








ACCURACY 








Linearity Error @ + 25°C 

± 1/4 

± 1/2 

±1/8 

±1/4 

±1/8 

± 1/2 

LSB 

T A ~ T mu , tO T mai 

±1/2 

±3/4 

±1/4 

± 1/2 

±1/2 

±3/4 

LSB 

Differential Linearity Error @ + 25°C 

±1/2 

±3/4 

±1/4 

± 1/2 

±1/4 

±3/4 

LSB 

Ta = T min tO Tm,, 

Monotonicity Guaranteed 

Monotonicity Guaranteed 

Monotonicity Guaranteed 

LSB 

Gain Error 2 

±0.1 

± 0.2 

±0.1 

± 0.2 

±0.1 

± 0.2 

% of FSR 3 

Unipolar Offset Error 2 

±1 

±2 

±1 

±2 

±! 

±2 

LSB 

Bipolar Zero 2 

±0.05 

± 0.1 

±0.05 

± 0.1 

±0.05 

± 0.1 

% of FSR 

DRIFT 








Differential Linearity 

±2 


±2 


±2 


ppmofFSR/°C 

Gain (Full Scale) T A = 25°C to or T,^ 

±5 

±30 

±5 

±15 

±15 

±30 

ppmofFSR/°C 

Unipolar Offset Ta = 25°C to Tm^ or T,^ 

±1 

±3 


±3 


±3 

ppmofFSR/°C 

Bipolar Zero T A = 25°C to T„u n or T^ 

±5 

±10 


±10 


±10 

ppmofFSR/°C 

CONVERSION SPEED 








Settling Time to ± 0.01% of FSR for 




1 




FSR change (2kfl||500pF load) 








with lOkfl Feedback 

3 

4 

3 

4 

3 

4 

M-s 

with 5kft Feedback 

2 

3 

2 

3 

2 

3 

M'S 

For LSB Change 

1 


1 


1 


M'S 

Slew Rate 

10 


10 


10 


VV s 

ANALOG OUTPUT 








Ranges 4 

±2.5, ±5, 

±10, 

±2.5, ±5, 

±10, 

±2.5, ±5, 

±10, 

V 


+ 5, +10 


+ 5, +10 


+ 5, + 10 



Output Current 

±5 


±5 


±5 


mA 

Output Impedance (dc) 

0.05 


0.05 


0.05 


n 

Short Circuit Current 


40 


40 


40 

mA 

REFERENCE OUTPUT 

9.90 10.00 

10.10 

9.90 10.00 

10.10 

9.90 10.00 

10.10 

V 

External Current 

0.1 1.0 


0.1 1.0 


0.1 1.0 


mA 

POWER SUPPLY SENSITIVITY 








Vcc = + 11.4 to + 16.5V dc 

5 

10 

5 

10 

5 

10 

ppm ofFS/% 

V EE = - 11.4 to- 16.5V dc 

5 

10 

5 

10 

5 

10 

ppmofFS/% 

POWER SUPPLY REQUIREMENTS 








Rated Voltages 

±12, ±15 


±12, ±15 


±12, ±15 


V 

Range 4 

±11.4 

±16.5 

±11.4 

±16.5 

±11.4 

±16.5 

V 

Supply Current 








+ 11.4to + 16.5 V dc 

8 

12 

8 

12 

8 

12 

mA 

-11. 4 to- 16.5V dc 

20 

25 

20 

25 

20 

25 

mA 

TEMPERATURE RANGE 








Specification 

-25 

+ 85 

-25 

+ 85 

-55 

+ 125 

°C 

Storage 

-65 

+ 150 

-65 

+ 150 

-65 

+ 150 

°C 


TIMING DIAGRAMS WRITE CYCLE *2 

WRITE CYCLE #1 (Load Second Rank from First Rank; A2, Al, A0= 1) 

(Load First Rank from Data Bus; A3 = 1) 
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28-PIN DIP CONNECTIONS 


PLCC, LCC PIN CONNECTIONS 



*NOTE DIP PACKAGE PIN NUMBERS 
AND LCC CONTACT NUMBERS SERVE 
THE SAME FUNCTION. 



ORDERING INFORMATION 


Model 

Package Options* 

Temperature 
Range -°C 

Linearity 
Error Max 
@25°C 

GainT.C. 

Maxppm/°C 

AD667JN 

Plastic DIP (N-28) 

0 to + 70 

± 1/2LSB 

30 

AD667JP 

PLCC (P-28A) 

Oto +70 

± 1/2LSB 

30 

AD667KN 

Plastic DIP (N-28) 

0 to +70 

± 1/4LSB 

15 

AD667KP 

PLCC (P-2 8 A) 

Oto +70 

± 1/4LSB 

15 

AD667AD 

Ceramic DIP (D-28) 

-25 to +85 

± 1/2LSB 

30 

AD667AE 

LCC (E-28A) 

-25 to +85 

± 1/2LSB 

30 

AD667BD 

Ceramic DIP (D-28) 

-25 to +85 

± 1/4LSB 

15 

AD667BE 

LCC (E-28A) 

-25 to +85 

± 1/4LSB 

15 

AD667SD 

Ceramic DIP (D-28) 

-55 to +125 

± 1/2LSB 

30 

AD667SE 

LCC (E-28A) 

-55 to +125 

± 1/2LSB 

30 


*See Section 14 for package outline information. 
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THE AD667 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
F.S. - 1LSB) for any bit combination. The AD667 is laser 
trimmed to 1/4LSB (0.006% of F.S.) maximum error at +25°C 
for the K and B versions and 1/2LSB for the J, A and S 
versions. 

MONOTONICITY : A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD667 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 1LSB 
both at +25°C and over the temperature range of interest. 
Differential nonlinearity is the measure of the variation in analog 
value, normalized to full scale, associated with a 1LSB change 
in digital input code. For example, for a 10 volt full scale output, 
a change of 1LSB in digital input code should result in a 2.44mV 
change in the analog output (1LSB= 10V x 1/4096 = 2. 44m V). If 
in actual use, however, a 1LSB change in the input code results 
in a change of only 0.61mV (1/4LSB) in analog output, the 
differential linearity error would be - 1.83mV, or - 3/4LSB. 

The AD667K and B grades have a max differential linearity 
error of 1/2LSB, which specifies that every step will be at least 
1/2LSB and at most 1 1/2 LSB. 

ANALOG CIRCUIT CONNECTIONS 

Internal scaling resistors provided in the AD667 may be connected 
to produce bipolar output voltage ranges of ±10, ± 5 or ± 2.5V 
or unipolar output voltage ranges of 0 to + 5V or 0 to + 10V. 

Gain and offset drift are minimized in the AD667 because of the 
thermal tracking of the scaling resistors with other device com- 
ponents. Connections for various output voltage ranges are 
shown in Table I. 



Figure 1. Output Amplifier Voltage Range Scaling Circuit 


Analog Circuit Details - AD667 

UNIPOLAR CONFIGURATION (Figure 2) 

This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar offset terminal, pin 4, should 
be grounded if not used for trimming. 



Figure 2. 0 to + 10V Unipolar Voltage Output 


STEP I . . . ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer Rl, until the output 
reads 0.000 volts (lLSB = 2.44mV). In most cases this trim is 
not needed, and pin 4 should be connected to pin 5. 

STEP II . . . GAIN ADJUST 

Turn all bits ON and adjust 10011 gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) 

BIPOLAR CONFIGURATION (Figure 3) 

This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all Vs). 

STEP I . . . OFFSET ADJUST 

Turn OFF all bits. Adjust 100H trimmer Rl to give -5.000 
volts output. 

STEP II . . . GAIN ADJUST 

Turn ON all bits. Adjust 10011 gain trimmer R2 to give a reading 
of +4.9976 volts. 



Figure 3. ±5 V Bipolar Voltage Output 

Output Digital Connect Connect Connect Connect 

Range Input Codes Pin 9 to Pin 1 to Pin 2 to Pin 4 to 

±10V Offset Binary 1 9 NC 6 (through 5011 fixed or 10011 trim resistor) 

± 5V Offset Binary 1 and 2 2 and 9 1 and 9 6 (through 5011 fixed or lOOfltrim resistor) 

±2.5V Offset Binary 2 3 9 6 (through 5011 fixed or lOOUtrim resistor) 

0 to + 10V Straight Binary 1 and 2 2 and 9 1 and 9 5 (or optional trim - See Figure 2) 

0to+5V Straight Binary 2 3 9 5 (or optional trim -See Figure 2) 

Table I. Output Voltage Range Connections 


DIGITAL-TO-ANALOG CONVERTERS 2-127 





INTERNAL/EXTERNAL REFERENCE USE 

The AD667 has an internal low-noise buried zener diode reference 
which is trimmed for absolute accuracy and temperature coeffi- 
cient. This reference is buffered and optimized for use in a high 
speed DAC and will give long-term stability equal or superior to 
the best discrete zener reference diodes. The performance of the 
AD667 is specified with the internal reference driving the DAC 
since all trimming and testing (especially for full scale error and 
bipolar offset) is done in this configuration. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and 1.0mA to Bipolar Offset). 

A minimum of 0.1mA is available for driving external loads. 

The AD667 reference output should be buffered with an external 
op amp if it is required to supply more than 0. 1mA output 
current. The reference is typically trimmed to ±0.2%, then 
tested and guaranteed to ± 1.0% max error. The temperature 
coefficient is comparable to that of the full scale TC for a particular 
grade. 

If an external reference is used (10.000V, for example), additional 
trim range must be provided, since the internal reference has a 
tolerance of ±1%, and the AD667 full-scale and bipolar offset 
are both trimmed with the internal reference. The gain and 
offset trim resistors give about ±0.25% adjustment range, 
which is sufficient for the AD667 when used with the internal 
reference. 

It is also possible to use external references other than 10 volts. 
The recommended range of reference voltage is from + 8 to 
+ 11 volts, which allows both 8.192V and 10.24V ranges to be 
used. The AD667 is optimized for fixed-reference applications. 

If the reference voltage is expected to vary over a wide range in 
a particular application, a CMOS multiplying DAC is a better 
choice. 

Reduced values of reference voltage will also permit the ± 12 
volt ± 5% power supply requirement to be relaxed to ± 12 volts 
± 10%. 

It is not recommended that the AD667 be used with external 
feedback resistors to modify the scale factor. The internal resistors 
are trimmed to ratio-match and temperature-track the other 
resistors on the chip, even though their absolute tolerances are 
± 20%, and absolute temperature coefficients are approximately 
- 50ppm/°C. If external resistors are used, a wide trim range 
( ± 20%) will be needed and temperature drift will be increased 
to reflect the mismatch between the temperature coefficients of 
the internal and external resistors. 

Small resistors may be added to the feedback resistors in order 
to accomplish small modifications in the scaling. For example, if 
a 10.24V full-scale is desired, a 1400 1% low-TC metal-film 
resistor can be added in series with the internal (nominal) 5k 
feedback resistor, and the gain trim potentiometer (between 
pins 6 and 7) should be increased to 2000. In the bipolar mode, 
increase the value of the bipolar offset trim potentiometer also 
to 2000. 

GROUNDING RULES 

The AD667 brings out separate analog and power grounds to 
allow optimum connections for low noise and high speed per- 
formance. These grounds should be tied together at one point, 
usually the device power ground. The separate ground returns 
are provided to minimize current flow in low-level signal paths. 

The analog ground at pin 5 is the ground point for the output 
amplifier and is thus the “high quality” ground for the AD667; 
it should be connected directly to the analog reference point of 


the system. The power ground at pin 16 can be connected to 
the most convenient ground point; analog power return is pre- 
ferred. If power ground contains high frequency noise beyond 
200mV, this noise may feed through the converter, thus some 
caution will be required in applying these grounds. 

It is also important to apply decoupling capacitors properly on 
the power supplies for the AD667 and the output amplifier. 

The correct method for decoupling is to connect a capacitor 
from each power supply pin of the AD667 to the analog ground 
pin of the AD667. Any load driven by the output amplifier 
should also be referred to the analog ground pin. 


OPTIMIZING SETTLING TIME 

The dynamic performance of the AD667’s output amplifier can 
be optimized by adding a small (20pF) capacitor across the 
feedback resistor. Figure 4 shows the improvement in both 
large-signal and small-signal settling for the 10V range. In Figure 
4a, the top trace shows the data inputs (DB1 1-DB0 tied together), 
the second trace shows the CS pulse (A3-A0 tied low), and the 
lower two traces show the analog outputs for Cp = 0 and 20pF 
respectively. 

Figures 4b and 4c show the settling time for the transition from 
all bits on to all bits off. Note that the settling time to ± 1/2LSB 
for the 10V step is improved from 2.4 microseconds to 1.6 
microseconds by the addition of the 20pF capacitor. 

Figures 4d and 4e show the settling time for the transition from 
all bits off to all bits on. The improvement in settling time 
gained by adding Cc = 20pF is similar. 
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b. Fine-Scale Settling, C F = OpF 



c. Fine-Scale Settling , C F =20pF 


Figure 4. Settling Time Performance 
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AD667 


SV >2nty 


d. Fine-Scale Settling, Cp-OpF 


e. Fine-Scale Settling, C F =20pF 
Figure 4. Settling Time Performance (Continued) 

DIGITAL CIRCUIT DETAILS 

The bus interface logic of the AD667 consists of four independently 
addressable registers in two ranks. The first rank consists of 
three four-bit registers which can be loaded directly from a 4-, 
8-, 12-, or 16-bit microprocessor bus. Once the complete 12-bit 
data word has been assembled in the first rank, it can be loaded 
into the 12-bit register of the second rank. This double-buffered 
organization avoids the generation of spurious analog output 
values. Figure 5 shows the block diagram of the AD667 logic 
section. 



It is permissible to enable more than one of the latches simul- 
taneously. If a first rank latch is enabled coincident with the 
second rank latch, the data will reach the second rank correctly 
if the “WRITE CYCLE #1” timing specifications are met. 



CS 

A3 

A2 

A1 

A0 

Operation 

1 

X 

X 

X 

X 

No Operation 

X 

1 

1 

1 

1 

No Operation 

0 

1 

1 

1 

0 

Enable 4 LSBs of First Rank 

0 

1 

1 

0 

1 

Enable 4 Middle Bits of First Rank 

0 

1 

0 

1 

1 

Enable 4 MSBs of First Rank 

0 

0 

1 

1 

1 

Loads Second Rank from First Rank 


0 

0 

0 

0 

All Latches Transparent 


“X” = Don’t Care 


Table II. AD667 Truth Table 
INPUT CODING 

The AD667 uses positive-true binary input coding. Logic “1” is 
represented by an input voltage greater than 2.0V and logic “0” 
is defined as an input voltage less than 0.8V. 

Unipolar coding is straight binary, where all zeroes (000h) on 
the data inputs yields a zero analog output and all ones (FFF H ) 
yields an analog output 1LSB below full scale. 

Bipolar coding is offset binary, where an input code of 000h 
yields a minus full-scale output, an input of FFF H yields an 
output 1LSB below positive full scale, and zero occurs for an 
input code with only the MSB on (800 H ). 

The AD667 can be used with two’s complement input coding if 
an inverter is used on the MSB (DB11). 

DIGITAL INPUT CONSIDERATIONS 

The threshold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can thus 
interface with any type of 5 volt logic. The configuration of the 
input circuit is shown in Figure 6. 


5k 1 

INPUTS LJ 

— f" 

SUM JCT 

(PINS 11-15 

| T 

OUTPUT | 

•sAMP 

AND 17 - 28) 

! i 


POWER 

GROUND 


Figure 5. AD667 Block Diagram 

The latches are controlled by the address inputs, AO- A3, and 
the CS input. All control inputs are active low, consistent with 
general practice in microprocessor systems. The four address 
lines each enable one of the four latches, as indicated in 
Table II. 

All latches in the AD667 are level-triggered. This means that 
data present during the time when the control signals are valid 
will enter the latch. When any one of the control signals returns 
high, the data is latched. 


Figure 6. Equivalent Digital Input Circuit 

The AD667 data and control inputs will float to a logic 0 if left 
open. It is recommended that any unused inputs be connected 
to power ground to improve noise immunity. 

Fanout for the AD667 is 100 when used with a standard low 
power Schottky gate output device. 
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8-BIT MICROPROCESSOR INTERFACE 

The AD667 interfaces easily to 8-bit microprocessor systems of 
all types. The control logic makes possible the use of right- or 
left- justified data formats. 

Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes 
are required. If the program considers the data to be a 12-bit 
binary fraction (between 0 and 4095/4096), the data is left-justified, 
with the eight most significant bits in one byte and the remaining 
bits in the upper half of another byte. Right-justified data calls 
for the eight least significant bits to occupy one byte, with the 4 
most significant bits residing in the lower half of another byte, 
simplifying integer arithmetic. 



a. Left Justified 



b. Right Justified 

Figure 7. 12- Bit Data Formats for 8-Bit Systems 

Figure 8 shows an addressing scheme for use with an AD667 set 
up for left-justified data in an 8-bit system. The base address is 
decoded from the high-order address bits and the resultant 
active-low signal is applied to CS. The two LSBs of the address 
bus are connected as shown to the AD667 address inputs. The 
latches now reside in two consecutive locations, with location 
X01 loading the four LSBs and location X10 loading the eight 
MSBs and updating the output. 



Figure 8. Left- Justified 8-Bit Bus Interface 


Right-justified data can be similarly accommodated. The over- 
lapping of data lines is reversed, and the address connections 
are slightly different. The AD667 still occupies two adjacent 
locations in the processor’s memory map. In the circuit of Figure 
9, location X01 loads the 8LSBs and location X10 loads the 
4MSBs and updates the output. 



Figure 9. Right-Justified 8-Bit Bus Interface 

USING THE AD667 WITH 12- AND 16-BIT BUSES 

The AD667 is easily interfaced to 12- and 16-bit data buses. In 
this operation, all four address lines (AO through A3) are tied 
low, and the latch is enabled by CS going low. The AD667 thus 
occupies a single memory location. 

This configuration uses the first and second rank registers 
simultaneously. The CS input can be driven from an active-low 
decoded address. It should be noted that any data bus activity 
during the period when CS is low will cause activity at the 
AD667 output. If data is not guaranteed stable during this 
period, the second rank register can be used to provide double 
buffering. 



Figure 10. Connections for 12- and 16-Bit Bus Interface 
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ANALOG 

DEVICES 


1 2-Bit Ultrahigh Speed 
Multiplying D/A Converter 


AD668 


FEATURES 


AD668 FUNCTIONAL BLOCK DIAGRAM 


Ultrahigh Speed: Current Settling to 1 LSB in 50 ns 
for a Full Scale Change in Digital Input. Voltage 
Settling to 1 LSB in 80 ns for a Full Scale Change 
in Analog Input 
25 MHz Reference Bandwidth 
Monotonicity Guaranteed over Temperature 
10.24 mA Current Output or 1.024 V Voltage Output 
Integral and Differential Linearity Guaranteed over 
Temperature 

0.3" "Skinny DIP" Packaging 



THRESHOLD LADDER ANALOG V EE 

COMMON COMMON COMMON 


PRODUCT DESCRIPTION 

The AD668 is an ultrahigh speed, 12-bit, multiplying digital- 
to-analog converter, providing outstanding accuracy and speed 
performance in responding to both analog and digital inputs. 

The AD668 provides a level of performance and functionality in 
a monolithic device that exceeds that of many contemporary 
hybrid devices. The part is fabricated using Analog Devices’ 
Complementary Bipolar (CB) Process, which features high-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation. The AD668’s design capitalizes on this pro- 
prietary process in combination with standard low-impedance 
circuit techniques to provide its unique combination of speed 
and accuracy in a monolithic part. 

The wideband reference input is buffered by a high gain, closed 
loop reference amplifier. The reference input is essentially a 
1 V, high impedance input, but trimmed resistive dividers are 
provided to readily accommodate 5 V and 1.25 V references. 

The reference amplifier features an effective small signal band- 
width of 25 MHz, and an effective slew rate of 3% of full 
scale/ns. 

Multiple matched current sources and thin film ladder 
techniques are combined to produce bit weighting. The output 
range can nominally be taken as a 10.24 mA current output or a 
1.024 V voltage output. Varying the analog input can provide 
modulation of the DAC full scale from 10% to 120% of its nom- 
inal value. Bipolar outputs can be realized through pin- strapping 
to provide two quadrant operation without additional external 
circuitry. 


Laser wafer trimming insures full 12-bit linearity and excellent 
gain accuracy. All grades of the AD668 are guaranteed mono- 
tonic over their full operating temperature range. Furthermore, 
the output resistance of the DAC is trimmed to 100 H ±1.0%. 

The AD668 is available in three performance grades. The 
AD668JQ and KQ are available in 24-pin cerdip (0.3") packages 
and are specified for operation from 0 to +70°C. The AD668SQ 
features operation from -55°C to +125°C and is also packaged 
in the hermetic 0.3" cerdip. 

PRODUCT HIGHLIGHTS 

1 . The fast settling time of the AD668 provides suitable perfor- 
mance for waveform generation, graphics display, and high- 
speed A/D conversion applications. 

2. The high bandwidth reference channel allows high frequency 
modulation between analog and digital inputs. 

3. The AD668’s design is configured to allow wide variation of 
the analog input, from 10% to 120% of its nominal value. 

4. The AD668’s combination of high performance and tremen- 
dous flexibility makes it an ideal building block for a variety 
of high speed, high accuracy instrumentation applications. 

5. The digital inputs are readily compatible with both TTL and 
5 V CMOS logic families. 

6. Skinny DIP (0.3") packaging minimizes board space require- 
ments and eases layout considerations. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS (@ T a = +25°C, V cc = +15 V, V EE = -15 V, unless otherwise noted) 


Model 

Min 

AD668J 

Typ 

Max 

Min 

AD668K 

Typ Max 

Min 

AD668 

Typ 

Max 

Units 

RESOLUTION 

12 ! 

1 12 i 

1“ 1 

Bits 

LSB WEIGHT (At Nominal FSR) 











Current 


2.5 



★ 



★ 


p,A 

Voltage (Current into R L ) 


250 



★ 



★ 


jxV 

ACCURACY 1 











Linearity 

-1/2 


+ 1/2 

-1/4 


+ 1/4 

-1/2 


+1/2 

LSB 

T min to T max 

-3/4 


+3/4 

-1/2 


+1/2 

-3/4 


+3/4 

LSB 

Differential Linearity 

-1 


+ 1 

-1/2 


+1/2 

-1 


+1 

LSB 

T mta to T m „ 

-1 


+ 1 

-1/2 


+1/2 

-1 


+1 

LSB 

Monotonicity 

GUARANTEED 

OVER RATED SPECIFICATION TEMPERATURE RANGE 


Unipolar Offset (Digital) 

-0.2 


+0.2 

* 


* 

★ 


★ 

% of FSR 

Bipolar Offset 

-1.0 


+ 1.0 

★ 


★ 

* 


★ 

% of FSR 

Bipolar Zero 

-0.2 


+0.2 

★ 


★ 

★ 


★ 

% of FSR 

Analog Offset 

-0.5 


+0.5 

* 


* 

★ 


★ 

% of V NOM 

Gain Error 

-1.0 


+ 1.0 

★ 


★ 

★ 


★ 

%of FSR 

TEMPERATURE COEFFICIENTS 2 











Unipolar Offset 

-5 


+5 

★ 


* 

★ 


★ 

ppm of FSR/°C 

Bipolar Offset 

-15 


+15 

★ 


★ 

★ 


it 

ppm of FSR/°C 

Bipolar Zero 

-10 


+10 

★ 


★ 

★ 


if 

ppm of FSR/°C 

Analog Offset 

-30 


+30 

★ 


★ 

★ 


★ 

ppmofV NOM / 0 C 

Gain Drift 

-30 


+30 

★ 


★ 

★ 


* 

ppm of FSR/°C 

Gain Drift (I 0 ut) 

-100 


+100 

★ 


★ 

★ 


★ 

ppm of FSR/°C 

REFERENCE INPUT 











Input Resistance 











5.0 V 


5 



5 



5 


kO 

1.25 V 


5 



5 



5 


kfl 

1.0 V 


1 



1 



1 


Mfl 

Reference Range (T min to T max ) 

10 

100 

120 

10 

100 

120 

10 

100 

120 

% of V nom 

DATA INPUT 











Logic Level (T min to T max ) 











v IH 

2.0 


7.0 

★ 


★ 

★ 


★ 

V 

v IL 

0.0 


0.8 

* 


* 

★ 


★ 

V 

Logic Currents ( T ^ to T max ) 











Iih 

-10 


+ 10 

★ 


★ 

-10 


+10 

|xA 

IlL 

0 

60 

100 

★ 


★ 

0 

100 

200 

— |xA 

V XH Pin Voltage 


1.4 



★ 



1.4 


V 

CODING 

j BINARY, OFFSET BINARY | 


CURRENT OUTPUT RANGES 


| 0 to 10.24, 

±5.12 


mA 

VOLTAGE OUTPUT RANGES 



±0.512 


V 

OUTPUT COMPLIANCE 

-2 


+ 1.2 

★ 


★ 

★ 


★ 

V 

OUTPUT RESISTANCE 











Exclusive of R L 

160 

200 

240 

* 

★ 

* 

★ 

★ 

★ i 

n 

Inclusive of R L 

99 

100 

101 

* 

★ 

★ 

★ 

★ 

★ 

n 

REFERENCE AMPLIFIER 











Input Bias Current 


1.5 



★ 



★ 


|xA 

Slew Rate 


3 



★ 



★ 


% of FS/ns 

Large Signal Bandwidth 


20 



★ 



★ 


MHz 

Small Signal Bandwidth 


25 



★ 



★ 


MHz 

Undervoltage Recovery Time 











Vref^V nom t0 0% 


500 



★ 



★ 


ns 

Vref/V NOM t0 1% 





★ 



* 


ns 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD668K 

Min Typ Max 


AD668 

Min Typ Max Units 


SETTLING TIME 
Analog (10% to 120% Step) 
to ±1% 
to ±0.1% 
to ±0.025% 

Digital 
Current to 
± 1 % 

±0.025% 

Voltage (100 H, Internal R L ) 3 
to 1% 
to 0.01% 

0 to 0.025% 

Glitch Impulse 4 
Peak Amplitude 


POWER REQUIREMENTS 
+ 10.8 V to +16.5 V 
-10.8 V to -16.5 V 
Power Dissipation 
PSRR 5 


TEMPERATURE RANGE 
Rated Specification 2 
Storage 

PACKAGE OPTION 6 
Cerdip (Q-24) 



AD668JQ 


NOTES 

1 Measured in I oux mode. Specified at nominal full-scale reference. 

2 Measured in V OUT mode, unless otherwise specified. 

3 Total resistance. 

4 At the major carry, driven by HCMOS logic. 

Measured at 15 V ±10% and 12 V ±10%. 

6 See Section 14 for package outline information. 

*Same as AD668J. 

Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 


ns to 1% of FSR 
ns to 0. 1% of FSR 
ns to 0.025% of FSR 


ns to 1% of FSR 
ns to 0.025% of FSR 

ns to 1% of FSR 
ns to 0.1% of FSR 
ns to 0.025% of FSR 
pV-sec 
% of FSR 


mA 

-mA 

mW 

% of FSR/V 



PIN CONFIGURATION 


AD668 
TOP VIEW 
(Not to Scafel 


I 23 REFERENCE COMMON (REFCOM) 


22 | REFERENCE INPUT 1 (REFIN1I 
Til REFERENCE INPUT 2 (REFIN2) 


19 | LOAD RESISTOR (R L ) 

"uTI ANALOG COMMON (ACOMI 


17 | LADDER COMMON (LCOM) 
"171 BIPOLAR OFFSET (l BPO ) 


14 | THRESHOLD COMMON (THCOM) 
"iTJ THRESHOLD CONTROL (V T „> 


FUNCTIONAL DESCRIPTION 

The AD668 is designed to combine excellent performance with 
maximum flexibility. The functional block diagram and the sim- 
ple transfer functions provided below will provide the user with 
a basic grasp of AD668’s operation. Examples of typical circuit 


configurations are provided in the section APPLYING THE 
AD668. Subsequent sections contain more detailed information 
useful in optimizing DAC performance in high-speed, high reso- 
lution applications. 

DAC Transfer Function 

The AD668 may be used either in a current-output mode (with 
the DAC output connected to a virtual ground) or a voltage- 
output mode (DAC output connected to a resistive load.) 

In current output mode: 

Unipolar Mode 

Vik DAC code 
IOOT = ^ X ~4096~ 

Bipolar Mode 

Vin DAC code Vin 

^ = i x isr x,0 - 24ffiA -^ x5 ' 12mA 

In voltage output mode: 


(for both unipolar and bipolar modes) 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Where: 

V IN - the analog input voltage. 

V N om ~ the nominal full scale of the reference voltage: 1 V, 
1.25 V, or 5 V, determined by the wiring configuration of 
Pins 21 and 22. (See APPLYING THE AD668.) 


the 100 fl trimming potentiometer shown in Figure 1. If trim- 
ming is not desired, a 50 fl resistor may be used in place of the 
potentiometer to produce the specified gain accuracy, or, if a 
+ 1% nominal gain error is tolerable, the resistor may be omitted 
altogether. 


DAC code - the numerical representation of the DAC’s digi- 
tal inputs; a number between 0 and 4095. 

R LO ad ~ the resistance of the DAC output node; the maxi- 
mum this can be is 200 fl (the internal DAC ladder resis- 
tance). The on-board load resistor (Pin 19) has been trimmed 
so that its parallel combination with the DAC ladder resis- 
tance is 100 fl (±1%). 

Bipolar mode - produces a bipolar analog output from the 
digital input by offsetting the normal output current with a 
precision current source. This offset is achieved by connect- 
ing Pin 16 to the DAC output. In the unipolar mode. Pin 16 
should be grounded. 


Operating Limits: 


0.1 < 


VlN 

Vnom 


<1.2 


0 < V IN /V NOM <0.1 constitutes an undervoltage condition and 
is subject to the specified recovery time. 

1.2 <V IN /V NOM constitutes an overvoltage condition. This can 
saturate the DAC transistors, resulting in decreased response 
time and can, over extended time, damage the part through 
excessive power dissipation. 

The small signal 3 dB bandwidth of the V IN channel is 25 MHz. 
The large signal 3 dB bandwidth is approximately 20 MHz. 

V OU T i s limited by the specified output compliance: V to 

+ 1.2 V. 


APPLYING THE AD668 

The following are some typical circuit configurations for 
the AD668. These represent only a sample of possible 
implementations . 

5 V REFIN, 1 V UNIPOLAR, UNBUFFERED VOLTAGE 
OUTPUT 

Figure 1 shows a typical topology for generating an unbuffered 
voltage output. R L (Pin 19) is grounded, producing a 100 fl 
DAC output resistance that generates a 1.024 V output when 
the DAC current is at its full scale of 10.24 mA. The presence 
of low impedance loads will effect the output voltage swing 
directly: an external load of 300 fl will yield a total output resis- 
tance of 75 fl, and a full scale output of 0.768 V. An external 
100 fl will reduce the total output resistance to 50 fl and the 
full scale voltage swing will drop to 0.512 V. Since the bipolar 
offset current is not used in this configuration, Pin 16 is con- 
nected to the analog ground plane. 

The input divider has been connected to produce a 5 V full 
scale reference input by shorting REFIN 1 to the analog ground 
plane and using REFIN2 as the reference input. With a 5 V 
nominal full scale, the 10% to 120% reference input range falls 
between 0.5 V and 6 V. The effective input resistance in this 
mode is 5 kfl (±20%). The ratio of the input divider has been 
intentionally skewed by 50 fl to provide an optional external 
fine trim for gain adjust. A trim range of ±1% is provided by 



Figure 1.5 V REFIN , 1 V Unipolar Unbuffered Voltage 
Output 


5 V REFIN, 2 V BIPOLAR, UNBUFFERED VOLTAGE 
OUTPUT 

Figure 2 demonstrates how a larger unbuffered voltage output 
k swing can be realized. R LO ad (Pin 19) is tied to the DAC out- 
fc-piit (Pin 20) to produce an output resistance of roughly 200 fl. 

It should be noted that this impedance is not trimmed, and may 
vary by as much as 20%, but this can be compensated by adjust- 
ing the reference voltage. It is also important to note that limita- 
tions in the DAC output compliance would prohibit use of a 2 V 
unipolar output voltage swing. 


+ 15V 



Figure 2. 5 V REFIN , -1 V to +1 V Unbuffered Bipolar 
Voltage Output 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG 

DEVICES 


Microprocessor-Compatible 
12-Bit D/A Converter 


AD767* 


FEATURES 

Complete 12-Bit D/A Function 
On-Chip Output Amplifier 
High Stability Buried Zener Reference 
Fast 40ns Write Pulse 

0.3" Skinny DIP and PLCC Packages 
Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Settling Time: 3ps max to 1/2LSB 
Guaranteed for Operation with ± 12V or ±15V 
Supplies 

TTL/5V CMOS Compatible Logic Inputs 


AD767 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD767 is a complete voltage output 12-bit digital-to-analog 
converter including a high stability buried Zener reference and 
input latch on a single chip. The converter uses 12 precision 
high-speed bipolar current steering switches and a laser-trimmed 
thin-film resistor network to provide high accuracy. 

Microprocessor compatibility is achieved by the on-chip latch. 
The design of the input latch allows direct interface to 12-bit 
buses. The latch responds to strobe pulses as short as 40ns, 
allowing use with the fastest available microprocessors. 

The functional completeness and high performance of the AD767 
result from a combination of advanced switch design, high-speed 
bipolar manufacturing process, and the proven laser wafer- 
trimming (LWT) technology. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD767 is 
thus well suited for wide temperature range performance with 
± 1/2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full-scale gain T.C. is 
5ppm/°C. 


PRODUCT HIGHLIGHTS 

1. The AD767 is a complete voltage output DAC with voltage 
reference and digital latches on a single IC chip. 

2. The input latch responds to write pulse widths as short as 
40ns assuring direct interface with the industry’s fastest 
microprocessors. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a ±1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser trimmed for minimum full-scale and 
bipolar offset errors. 

5. The precision high-speed current steering switches and 
on-board high-speed output amplifier settle within 1/2LSB 
for a 10V full-scale transition in 3.0(xs when properly 
compensated. 


♦Covered by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; and others pending. 
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(T A = + 25°C, ± 15 volt power supplies, Unipolar Mode, unless otherwise noted) 


Model 

AD767J/A/S 1 
Min Typ 

Max 

AD767K/B 
Min Typ 

Max 

AD767A 2 Chips 

Min Typ Max 

Units 

DIGITAL INPUTS 









Resolution 


12 


12 



12 

Bits 

Logic Levels (TTL Compatible , T,™, - T,^) 3 









Vih (Logic “1”) 

+ 2.0 

+ 5.5 

+ 2.0 

+ 5.5 

+ 2.0 


+ 5.5 

V 

Vil (Logic “0”) J, K, A, B 

0 

+ 0.8 

0 

+ 0.8 

0 


+0.8 

v 

V IL (Logic “0”)S 

0 

+ 0.7 






V 

Iih (Vih = 5.5V) 

3 

10 

3 

10 


3 

10 

jiA 

Iil (Vil = 0.8V) 

1 

5 


5 


1 

5 

M-A 

TRANSFER CHARACTERISTICS 









ACCURACY 









Linearity Error (& + 25°C 

±1/2 

±1 

±1/8 

±1/2 


±1/2 

±1 

LSB 

Ta = T m j n to T max 

±1/2 

±1 

±1/4 

±1/2 


±1/2 

±1 

LSB 

Differential Linearity Error # + 25°C 

±1/2 

±1 

±1/4 

±1 


±1/2 

±1 

LSB 

T A = T m i n toT max 

Monotonicity Guaranteed 

Monotonicity Guaranteed 

Monotonicity Guaranteed 

LSB 

Gain Error 4 

±0.1 

±0.2 

±0.1 

±0.2 


±0.1 

±0.2 

% of FSR 5 

Unipolar Offset Error 4 

±1 

±2 

±1 

±2 


±1 

±2 

LSB 

Bipolar Zero Error 4 

±0.05 

±0.1 

±0.05 

±0.1 


±0.05 

±0.1 

% of FSR 

DRIFT 









GainT A = 25°C to T„u n or T max 

±5 

±30 

±5 

±15 


±5 


ppm of FSR/°C 

Unipolar Offset T A = 25°C to Tmi n or T max 

±1 

±3 

±1 

±3 


±1 

±3 

ppm of FSR/°C 

Bipolar Zero T A = 25°C to T^n or T ma x 

±5 

±10 


±10 


±5 

±10 

ppm of FSR/°C 

CONVERSION SPEED 









Settling Time to ± 0.01% of FSR for 









FSR change (2kfl||500pF load) 









with lOkG Feedback 

3 

4 

3 

4 


3 

4 

P'S 

with 5kfl Feedback 

2 

3 

2 

3 


2 

3 

M*s 

For LSB Change 

1 


1 



1 


M'S 

Slew Rate 

10 


10 


10 



V/|XS 

ANALOG OUTPUT 









Ranges 6 

±2.5, ±5, ± 

10, 

±2.5, ±5, ± 

10, 


±2.5, ±5, 

±10, 

V 


+ 5, +10 


+ 5, + 10 



+ 5, +10 



Output Current 

±5 


±5 


±5 



mA 

Output Impedance (dc) 

0.05 


0.05 



0.05 


a 

Short-Circuit Current 


40 


40 



40 

mA 

REFERENCE OUTPUT 

9.90 10.00 

10.10 

9.90 10.00 

10.10 

9.90 

10.00 

10.10 

V 

External Current 

0.1 1.0 


0.1 1.0 


0.1 

1.0 


mA 

POWER SUPPLY SENSITIVITY 









V cc = +11.4to + 16.5V dc 

5 

10 

5 

10 


5 

10 

ppmofFS/% 

V E e = -1 1.4 to- 16.5V dc 

5 

10 

5 

10 


5 

10 

ppmofFS/% 

POWER SUPPLY REQUIREMENTS 









Rated Voltages 

±12, ±15 


±12, ±15 



±12, ±15 


V 

Range 6 

±11.4 

±16.5 

±11.4 

±16.5 

±11.4 


±16.5 

V 

Supply Current 









+ 11.4to + 16.5V dc 

9 

13 

9 

13 


9 

13 

mA 

-ll.4to-16.5Vdc 

18 

23 

18 

23 


18 

23 

mA 

Total Power Consumption 

400 

600 

400 

600 


400 

600 

mW 

TEMPERATURE RANGE 









J/K 

0 

+ 70 

0 

• 




°C 

A/B 

-25 

+ 85 

-25 

+ 85 

-25 


+ 85 

°C 

S 

-55 

+ 125 

-55 

+ 125 




°c 

Operating 

-55 

+ 125 

-55 

+ 125 




°c 

Storage (All Grades) 

-65 

+ 125 

-65 

+ 125 

-65 


+ 125 

°c 


NOTES 

'AD767 “S” specifications shown for information only. Consult Analog Devices Military Databook or contact factory for a controlled 
specification sheet. 

2 AD767A Chips specifications are tested at +25°C and, when in boldface, at + 85°C. They are typical at - 25°C. 

3 Thc digital input specifications are 100% tested at 4- 25°C, and guaranteed but not tested over the full temperature range. 
Adjustable to zero. 

5 FSR means “Full-Scale Range” and is 20V for ± 10V range and 10V for the ± 5V range. 

6 A min i m u m power supply of ± 12.5V is required for a ± 10V full-scale output and ± 11.4V is required for all other voltage ranges. 
Specifications subject to change without notice.' 

Specifications shown in boldface are tested on all production units at final 
electrical test (except per Notes 1 and 2). Results from those tests are used to 
calculate outgoing quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production units. 
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AD767 


ABSOLUTE MAXIMUM RATINGS* 


Vcc to Power Ground OV to + 18V 

V EE to Power Ground OV to - 18V 

Digital Inputs (Pins 1 1 , 13-24) 

to Power Ground - 1.0V to +7.0V 

Ref In to Reference Ground ± 12V 

Bipolar Offset to Reference Ground ± 12V 

10V Span R to Reference Ground ± 12V 

20V Span R to Reference Ground ± 24V 


Ref Out, Vout (Pins 6, 9) . . Indefinite short to power ground 

Momentary Short to Vcc 
Power Dissipation lOOOmW 

* Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


TIMING SPECIFICATIONS 

(AU Models, T A = 25"C, Vcc = + 12V or + 1 5V, 
V EE = — 12V or — 15V) 



Symbol 

Parameter 

Min 

Typ 

Max 


Ids 

Data Valid to End of CS 

40 

- 

- 

ns 


( - 25°C to 4- 85°C) 

60 

- 

- 

ns 


(- 55°Cto + 125°C) 

90 

- 

- 

ns 

Idh 

Data Hold Time 

10 

- 

- 

ns 


( - 25°C to + 85°C) 

10 

- 

- 

ns 


(-55°Cto+125°C) 

20 

- 

- 

ns 

fcs 

CS Pulse Width 

40 

- 

- 

ns 


( — 25°C to + 85°C) 

60 

- 

- 

ns 


(-55°Cto + 125°C) 

90 

- 

- 

ns 

tsETT 

Output Voltage Settling Time* 

- 

2 

4 

|XS 


*t S ETT is measured referenced to the leading edge of tcs- If t C s > tDS> then 
tsETT is measured referenced to the beginning of Data Valid. 


PIN CONFIGURATION 
DIP PLCC 


20V SPAN [T 
10V SPAN [T 
SUM JCT. [T 
BIP OFF [~4~ 
AGNDpT 
REF OUT [T 
REF IN (T^ 
+ Vcc [~8~ 

VoutIT 
-v ee £ 
cs [~n~ 
dgndQT 


~24~| DB11 (MSB) 
IT] DB10 
TT] DB9 
~2T~| DB8 
2o1 DB7 
~I9~| DB6 
TT1 DB5 
~T7~1 DB4 
~T6~| DB3 
1T| DB2 
tT| DB1 
T3~l DBO(LSB) 


AD767 
TOP VIEW 
(Not to Scale) 



AD767 ORDERING GUIDE 


Model 

Package 

Options* 

Temperature 
Range °C 

Linearity 
Error Max 
T m in _ T max 

GainT.C. 
Max ppm/°C 

AD767JN 

Plastic DIP (N-24) 

0 to +70 

± 1LSB 

30 

AD767JP 

PLCC (P-2 8 A) 

0 to +70 

± 1LSB 

30 

AD767KN 

Plastic DIP (N-24) 

Oto +70 

± 1/2LSB 

15 

AD767KP 

PLCC (P-28A) 

0 to +70 

± 1/2LSB 

15 

AD767AD 

Ceramic DIP (D-24A) 

-25 to +85 

± 1LSB 

30 

AD767BD 

Ceramic DIP (D-24A) 

-25 to +85 

± 1/2LSB 

15 

AD767SD/ 

883B 

Ceramic DIP (D-24A) 

-55 to + 125 

± 1LSB 

30 

AD767A 

Chips 

N/A 

-25 to +85 

± 1LSB 

30 


*See Section 14 for package outline information. 
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Analog Circuit Details 

THE AD767 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
F.S. - 1LSB) for any bit combination. This is also referred to 
as relative accuracy. The AD767 is laser trimmed to typically 
maintain linearity errors at less than ± 1/8LSB for the K and B 
versions and ± 1/2LSB for the J, A and S versions. Linearity 
over temperature is also held to ± 1/2LSB (K/B) or ± 1LSB 
(J/A/S). 

MONOTONICITY : A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD767 are monotonic over 
their full operating temperature range. 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 1LSB 
both at + 25°C as well as over the temperature range of interest. 
Differential nonlinearity is the measure of the variation in analog 
value, normalized to full scale, associated with a 1LSB change 
in digital input code. For example, for a 10 volt full-scale output, 
a change of 1LSB in digital input code should result in a 2.44mV 
change in the analog output (1LSB= 10V x 1/4096 = 2. 44m V). 

If in actual use, however, a 1LSB change in the input code 
results in a change of only 0.6 lmV (1/4LSB) in analog output, 
the differential nonlinearity error would be - 1.83mV, or 
-3/4LSB. 

GAIN ERROR: DAC gain error is a measure of the difference 
between an ideal DAC and the actual device’s output span. All 
grades of the AD767 have a maximum gain error of 0.2% FS. 
However, if this is not sufficient, the error can easily be adjusted 
to zero (see Figures 2 and 3). 

UNIPOLAR OFFSET ERROR: Unipolar offset error is a com- 
bination of the offset errors of the voltage-mode DAC and the 
output amplifier and is measured when the AD767 is configured 
for unipolar outputs. It is present for all codes and is measured 
with all “Os” in the DAC latches. This is easily adjustable to 
zero when required. 

BIPOLAR ZERO ERROR: Bipolar zero errors result from 
errors produced by the DAC and output amplifier when the 
AD767 is configured for bipolar output. Again, as with unipolar 
offset and gain errors, this is easily adjusted to zero when 
required. 

ANALOG CIRCUIT CONNECTIONS 

Internal scaling resistors provided in the AD767 may be connected 
to produce bipolar output voltage ranges of ±10, ±5 or ±2.5V 
or unipolar output voltage ranges of 0 to + 5V or 0 to + 10V. 


Gain and offset drift are minimized in the AD767 because of the 
thermal tracking of the scaling resistors with other device com- 
ponents. Connections for various output voltage ranges are 
shown in Table I. 



BIPOLAR 

OFFSET 

AGND 


20V SPAN 


Vqut 


Figure 7. Output Amplifier Voltage Range Scaling Circuit 


UNIPOLAR CONFIGURATION (Figure 2) 

This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar offset terminal, Pin 4, should 
be grounded if not used for trimming. 

STEP I . . . ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer Rl, until the output 
reads 0.000 volts (lLSB = 2.44mV). In most cases this trim is 
not needed, and Pin 4 should be connected to Pin 5. 

STEP II . . . GAIN ADJUST 

Turn all bits ON and adjust 100(1 gain trimmer R2 until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) 


+ V CC 



Figure 2. 0 to + 10V Unipolar Voltage Output 


Output 

Range 

Digital 

Input Codes 

Connect 
Pin 9 to 

Connect 
Pin 1 to 

Connect 
Pin 2 to 

Connect 

Pin 4 to 

±10V 

Offset Binary 

1 

9 

NC 

6 (through 50(1 fixed or lOOdtrim resistor) 

±5V 

Offset Binary 

1 and 2 

2 and 9 

1 and 9 

6 (through 50(1 fixed or lOOfltrim resistor) 

±2.5V 

Offset Binary 

2 

3 

9 

6 (through 50(1 fixed or lOOfltrim resistor) 

Oto + lOV 

Straight Binary 

1 and 2 

2 and 9 

1 and 9 

5 (or optional trim - See Figure 2) 

0 to + 5 V 

Straight Binary 

2 

i 

3 

9 

i 

5 (or optional trim - See Figure 2) 


Table I. Output Voltage Range Connections 
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BIPOLAR CONFIGURATION (Figure 3) 

This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all Is). 

STEP I . . . OFFSET ADJUST 

Turn OFF all bits. Adjust 1000 trimmer R1 to give -5.000 
volts output. 

STEP II . . . GAIN ADJUST 

Turn ON all bits. Adjust 1000 gain trimmer R2 to give a reading 
of +4.9976 volts. 

STEP III . . . BIPOLAR ZERO ADJUST (Optional) 

In applications where an accurate zero output is required, set 
the MSB ON, all other bits OFF, and readjust R1 for zero volts 
output. 



Figure 3. ±5V Bipolar Voltage Output 


INTERNAL/EXTERNAL REFERENCE USE 

The AD767 has an internal low-noise buried Zener diode reference 
which is trimmed for absolute accuracy and temperature coeffi- 
cient. This reference is buffered and optimized for use in a 
high-speed DAC and will give long-term stability equal or superior 
to the best discrete Zener reference diodes. The performance of 
the AD767 is specified with the internal reference driving the 
DAC since all trimming and testing (especially for full-scale 
error and bipolar offset) is done in this configuration. 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and 1.0mA to Bipolar Offset). 


The AD767 reference output should be buffered with an external 
op amp if it is required to supply more than 0.1mA output 
current. The reference is typically trimmed to ±0.2%, then 
tested and guaranteed to ± 1.0% max error. The temperature 
coefficient is comparable to that of the full-scale TC for a particular 
grade. 

If an external reference is used (10.000V, for example), additional 
trim range must be provided, since the internal reference has a 
tolerance of ±1%, and the AD767 full-scale and bipolar offset 
are both trimmed with the internal reference. The gain and 
offset trim resistors give about ± 0.25% adjustment range, 
which is sufficient for the AD767 when used with the internal 
reference. 

It is also possible to use external references other than 10 volts. 
The recommended range of reference voltage is from + 8 to 
+ 10.5 volts, which allows both 8.192V and 10.24V ranges to be 
used. The AD767 is optimized for fixed-reference applications. 

If the reference voltage is expected to vary over a wide range in 
a particular application, a CMOS multiplying DAC is a better 
choice. 

Reduced values of reference voltage will also permit the ±12 
volt ± 5% power supply requirement to be relaxed to ± 12 volts 
±10%. 

It is not recommended that the AD767 be used with external 
feedback resistors to modify the scale factor. The internal resistors 
are trimmed to ratio-match and temperature-track the other 
resistors on the chip, even though their absolute tolerances are 
± 20%, and absolute temperature coefficients are approximately 
- 50ppm/°C. If external resistors are used, a wide trim range 
( ± 20%) will be needed and temperature drift will be increased 
to reflect the mismatch between the temperature coefficients of 
the internal and external resistors. 

Small resistors may be added to the feedback resistors in order 
to accomplish small modifications in the scaling. For example, if 
a 10.24V full scale is desired, a 1400 1% low-TC metal-film 
resistor can be added in series with the internal (nominal) 5k 
feedback resistor, and the gain trim potentiometer (between 
Pins 6 and 7) should be increased to 2000. In the bipolar mode, 
increase the value of the bipolar offset trim potentiometer also 
to 2000. 

+ V C c 




Figure 4. Using the AD767 with the AD588 High Precision Reference 
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USING THE AD767 WITH THE AD588 HIGH PRECISION 
VOLTAGE REFERENCE 

The AD767 is specified for gain drift from 15ppm/°C to 30ppm/°C 
(depending on grade) using its internal 10 volt reference. Since 
the internal reference contributes the majority of this drift, an 
external high-precision voltage reference will greatly improve 
performance over temperature. As shown in Figure 4, the 10 
volt output from the AD588 is used as the reference. With a 
1.5ppm/°C output voltage drift the AD588 contributes less than 
1/2LSB gain drift when used with the AD767 over the industrial 
temperature range. Using this combination may result in apparent 
increases in full-scale error due to the differences between the 
internal reference by which the device is laser t rimm ed and the 
external reference with which the device is actually applied. The 
AD767 internal reference is specified to be 10 volts ± lOOmV 
whereas the AD588 is specified as 10 volts ± lmV. This may 
result in up to lOlmV of apparent full-scale error beyond the 
± 25mV specified AD767 gain error. The 500H potentiometer 
in series with the reference input allows adequate trim range to 
null this error. 

GROUNDING RULES 

The AD767 brings out separate analog and power grounds to 
allow optimum connections for low noise and high-speed per- 
formance. These grounds should be tied together at one point, 
usually the device power ground. The separate ground returns 
are provided to minimize current flow in low-level signal paths. 

The analog ground at Pin 5 is the ground point for the output 
amplifier and is thus the “high quality” ground for the AD767; 
it should be connected directly to the analog reference point of 
the system. The power ground at Pin 12 can be connected to 
the most convenient ground point; analog power return is pre- 
ferred. If power ground contains high frequency noise beyond 
200mV, this noise may feed through the converter, thus some 
caution will be required in applying these grounds. 

It is also important to apply decoupling capacitors properly on 
the power supplies for the AD767. The correct method for 
decoupling is to connect a capacitor from each power supply pin 
of the AD767 to the analog ground pin of the AD767. Any load 
driven by the output amplifier should also be referred to the 
analog ground pin. 

OPTIMIZING SETTLING TIME 

The dynamic performance of the AD767’s output amplifier can 
be optimized by adding a small (20pF) capacitor across the 
feedback resistor. Figure 5 shows the improvement in both 
large-signal and small-signal settling for the 10V range. In Figure 
5a, the top trace shows the data inputs (DB11-DB0 tied together), 
the second trace shows the CS pulse, and the lower two traces 
show the analog outputs for C F = 0 and 20pF respectively. 


DB11-DB0 

CS 


Vout, 10V/DIV, C P = 20pF 


V out. 10V/DIV, Cp = OpF 


Figure 5a. Large Scale Settling 



Figures 5b and 5c show the settling time for the transition from 
all bits on to all bits off. Note that the settling time to ± 1/2LSB 
for the 10V step is improved from 2.4 microseconds to 1.6 
microseconds by the addition of the 20pF capacitor. 



Figure 5b. Fine-Scale Settling, C F =0pF 



Figure 5c. Fine-Scale Settling, C F -20pF 


Figures 5d and 5e show the settling time for the transition from 
all bits off to all bits on. The improvement in settling time 
gained by adding Cc = 20pF is similar. 



Figure 5d. Fine-Scale Settling, C F =0pF 
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Applications -AD767 


DIGITAL INPUT CONSIDERATIONS 

The threshold of the digital input circuitry is set at 1.4 volts 
and does not change with supply voltage. Thus the AD767 
digital interface may be driven with any of the popular types of 
5 volt logic. 

A good engineering practice is to connect unused inputs to 
power ground to improve noise immunity. Unconnected data 
and control inputs will float to logic 0 if left open. 

The low digital input current of the AD767 eliminates the need 
for buffer/drivers required by many monolithic converters using 
bipolar technology. A single low-power Schottky gate, for example, 
will drive several AD767s when connected to a common bus. 


INPUT CODING 

The AD767 uses positive-true binary input coding. Logic “1” is 
represented by an input voltage greater than 2.0V, and logic 
“0” is defined as an input voltage less than 0.8V. 

Unipolar coding is straight binary, where all zeroes (000h) on 
the data inputs yields a zero analog output and all ones (FFFh) 
yields an analog output 1LSB below full scale. 

Bipolar coding is offset binary, where an input code of 000h 
yields a minus full-scale output, an input of FFF H yields an 
output 1LSB below positive full scale, and zero occurs for an 
input code with only the MSB on (800h)- 

The AD767 can be used with twos complement input coding if 
an inverter is used on the MSB (DB11). 


MICROPROCESSOR INTERFACE 

The AD767, with its 40ns minimum CS pulse width, may be 
easily interfaced to any of today’s high-speed microprocessors. 
The 12-bit single buffered input register will accept 12-bit parallel 
data from processors such as the 68000, 8086, TMS320 series, 
and the Analog Devices ADSP-2100. Several illustrative examples 
follow. 

68000 - AD767 INTERFACE 

Figure 6 illustrates the AD767 interface to a 68000 microprocessor. 
An active low decoded address is OR’ed with the processor’s 
R/W signal to provide CS and latch data into th e AD 767. Later 
i n the bus cycle the processor issues the upper (UDS) and lower 
(LDS) data strob es which are gated with the decoded address to 
provide DTACK and terminate the bus cycle. As shown, this 
interface will support a 12.SMHz 68000 system. 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 6. 68000 - AD767 Interface 

8086 - AD767 INTERFACE 

Interfacing the AD767 to the 8086 16-bit microprocessor requires 
a minimal amount of external components. A 10MHz 8086, for 
example, generates a 165ns low write pulse which may be gate d 
with a decoded address to provide CS for the AD767. As WR 
returns high valid data is latched into the DAC. See Figure 7. 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 7. 8086 - AD767 Interface 

TMS32010 - AD767 INTERFACE 

The high-speed digital interface of the AD767 facilitates its use 
with the TMS32010 microprocessor at speeds up to 20MHz. In 
the three multiplexed LSBs of the address bus, PA2 - PA0 are 
decoded as a port address and OR’ed with the low write enable 
to generate CS for the DAC. A simple OUT xx,y instruction 
will output the data word stored in memory location xx to any 
one of eight port locations y. 



Figure 8. TMS32010 - AD767 Interface 
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TMS32020 - AD767 INTERFACE 
Interfacing the AD767 to the TMS32020 microprocessor is 
easily achieved by using the TMS32020 I/O port capability. The 
IS signal distinguishes the I/O address space from the local 
program/data memory space and is used to enable a 74LS138_ 
dec oder. T he decoded port address is then gated with the R/W 
and STRB signals to provide the AD767 CS. 



Figure 9. TMS32020 - AD767 Interface 

ADSP-2100 - AD767 INTERFACE 

The ADSP-2100 single chip DSP processor may be interfaced to 
the AD767 as shown in Figure 10. With a clock frequency of 
32MHz, and instruction execution in a single 125ns cycle, the 
processor will support the AD767 interface with a single wait 
state. 



At the beginning of the data memory access cycl e the p rocessor 
provides a 14-bit address on the DMA bus. The DMS signal is 
then asserted enabling a LOW a ddress de code. Val id data is 
now placed on the data bus and DMWR is issued. DMWR is 
OR’ed with the LOW address decode to generate the AD767 
CS. 

The LOW decoded address is also gated with the Q output of a 
D flip-flop to hold DMACK (Data Memory Acknowledge) 
LOW. This forces the processor into a wait state and extends 
the AD767 CS by 1 clock cycle. The rising edge of CLKOUT 
latches Q HIGH bringing DMACK HIGH. The cycle is now 
complete. 

TMS320C25 - AD767 INTERFACE 
Figure 11 illustrates the AD767 interface to a TMS320C25 
digital signal processor. Due to the high-speed capability of the 
processor (40MHz), a single wait state is required and is easily 
generated using MSC. A 20MHz TMS320C25 however, does 
not require wait states and should be interfaced using the circuit 
shown in Figure 9. 


+ 5V 



Figure 11. TMS320C25 - AD767 Interface 


•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 10. ADSP-2100 - AD767 Interface 
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ANALOG 

DEVICES 


High Accuracy, 18-Bit 
Digital-to-Analog Converter 


ADI 139 


AD1139 FUNCTIONAL BLOCK DIAGRAM 



FEATURES 
18-Bit Resolution 
Low Nonlinearity 
Differential: ±1/2LSBmax 
Integral: ±1/2LSB max 
High Stability 

Differential TC: ± 1ppm/°C max 
Integral TC: ± 1/2ppm/°C max 
Gain TC (with Reference): ±4ppm/°C max 
Fast Settling 

Full Scale: 40ps to ±0.00019% 

LSB: 6ps to ±0.00019% 

Small Hermetic 32-Lead Triple DIP Package 
Low Cost 

APPLICATIONS 
Automatic Test Equipment 
Scientific Instrumentation 
Beam Positioners 
Digital Audio 

GENERAL DESCRIPTION 

The ADI 139 is the first DAC offering 18-bit resolution (1 part 
in 262,144) and true 18-bit accuracy in a component size hybrid 
package. A proprietary bit switching technique provides high 
accuracy, speed and stability without compromising smail size 
or low cost. 

The ADI 139 is a complete DAC with precision internal reference, 
latched data inputs and a quality output voltage amplifier. The 
analog output voltage ranges are pin programmable to + 5V, 

+ 10V, ± 5V and ± 10V. Current output is also provided for 
use with external amplifiers. The internal precision - 10V refer- 
ence has a low ± 3ppm/°C maximum temperature coefficient 
and is available for ratiometric applications. 

The AD1139K is a true 18-bit accurate DAC with ± 1/2LSB 
maximum differential and integral nonlinearity. The differential 
and integral nonlinearity temperature stability is guaranteed at 
± lppm/°C maximum and ± l/2ppm/°C maximum, respectively. 

The ADI 139 settles to within ± 1/2LSB at 18 bits (±0.00019%) 
in 40|xs for a full-scale step (10V). The glitch energy is a low 
400mV x 500ns for a major carry, and wideband output noise is 
only 15|xV. 

The ADI 139 operates from ± 15V dc and + 5V dc power supplies. 
Digital inputs are 5V CMOS compatible with binary input 
coding for unipolar output ranges and offset binary coding for 
bipolar ranges. 


PRODUCT HIGHLIGHTS 

1 . Eighteen-bit resolution with ± 1/2LSB maximum differential 
and integral nonlinearity in a hermetic 32-lead triple DIP 
package. 

2. Complete DAC with internal reference, stable low-noise 
output amplifier, latched DAC inputs, reference output and 
internal application resistors for programmable output voltage 
ranges. 

3. Temperature compensated internal precision reference with 
±0.1% maximum initial accuracy and ±3ppm/°C maximum 
tempco. 

4. Four pin programmable output voltage ranges ( + 5V, + 10V, 
±5V, ± 10V) and current output available (- 1mA, 

± 0.5mA). 

5. The 18-bit parallel input latch assists in microprocessor 
interface. 

6. Accurate measurements of the DAC’s output are unusually 
simple since the AD 11 39 does not suffer from code dependent 
ground current errors. 

7. True analog output remote sense capability. 
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(typical @ +25°C and rated supplies unless otherwise specified) 


Model 

AD1139J 

AD1139K 

RESOLUTION 

18 Bits 

★ 

ACCURACY 



Differential Nonlinearity 

± 1 LSB max 

± 1/2LSB max 


(= ±0.00038% max) 

( = ±0.00019% max) 

Integral Nonlinearity 

± 1 LSB max 

± l/2LSBmax 


(= ±0.00038%max) 

(= ±0.00019% max) 

Monotonicity (18 Bits) 

Guaranteed 

* 

Initial Errors 1 



Unipolar Gain Error 

±0.01% 

* 

Bipolar Gain Error 

±0.02% 

★ 

Offset Error 

±0.01% 

★ 

Bipolar Offset Error 

±0.01% 

* 

STABILITY (ppm FSR 2 /°C) 



Differential Nonlinearity 3 

± 1 max 

±0.5 typ, ± 1 max 

Integral Nonlinearity 3 

±0.5 max 

* 

Gain (Including V RE f) 

±4 max 

★ 

Offset 



Unipolar Mode 

± 1 max 

★ 

Bipolar Mode 

± 1 max 

★ 

STABILITY (Long Term, ppm FSR 2 /1000 hour) 



Differential Nonlinearity 4 

±0.5 

★ 

Gain (Including Vrf.f) 

±15 

★ 

Offset 

±1 

* 

Bipolar Offset 

±2 

* 

Reference Output Voltage 

±15 

* 

WARMUP TIME (MINIMUM) 

15 minutes 

★ 

. - - - -- 

REFERENCE VOLTAGE ( V ref) 


I 

Output Voltage (@ 5 mA max) 

- 10V ( ± 0. 1% max) 

* 

Noise (BW = O.l-lOHz) I 

20|xV pk-pk 

10piV pk-pk 

Noise (BW = 100kHz) 

50p,V rms 

it 

Tempco 

3ppm/°C max 

it 

DYNAMIC PERFORMANCE 



SettlingTime to 1/2LSB (@ 18 Bits) 5 



Voltage 



Unipolar (10V Step) 

40fx.s 

★ 

Bipolar (20V Step) 

60p.s 

* 

Unipolar (LSB Step) 

6(xs 

★ 

Bipolar (LSB Step) 

8jxs 

it 

Slew Rate 

2V/jjls 

it 

Current 6 



Full-Scale Step 

10 pis 

it 

LSB Step 

6|xs 

★ 

Glitch Energy (Major Carry 



(a) 20MHz Bandwidth 0-to- 10V Range) 

400mV (500ns Duration) 

it 

DIGITAL INPUTS (5 V CMOS Compatible) 



V,i. 

*s0.8V 

it 

Vih 

s=3.5V 

it 

Unipolar Code 

Binary (BIN) 

it 

Bipolar Code 

Offset Binary (OBN) 

it 

ANALOG OUTPUT 



Current 4 

- 1mA, ± 0.5mA 

* 

Voltage (Pin Programmable) 

+ 5V, + 10V, ± 5V, ± 10V 

it 

Noise (Includes V RE f) 



BW = 0. l-10Hz(p.V pk-pk) 

2 x FSR 

lx FSR 

BW = 100kHz (Unipolar) 

15p.V rms 

* 

BW * 100kHz (Bipolar) 

45(jlV rms 

★ 

VOLTAGE COMPLIANCE 

± lOmV 

* 

Source Resistance 



Unipolar 

3.3kO 

* 

Bipolar 

2.85kH 

* 

Source Capacitance 

lOpF 

* 

POWER SUPPLY REQUIREMENTS 



+ 5V dc ( ± 5%) 

IOOplA 

* 

± 15Vdc(±5%) 

+ 25mA, -30mA 

* 

POWER SUPPLY REJECTION 



(± 15V dc) 



Gain 

±2.5ppm/% 

it 

Offset 

±0.3ppm/% 

it 

Reference Output 

±2.5ppm/% 

* 

( + 5V dc) 



Differential Nonlinearity 

±0.15ppm/% 

H 

TEMPERATURE RANGE 



Operating (Rated Performance) 

Oto + 70°C 

it 

Storage 

- 40°C to + 85°C 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




CAUTION: OBSERVE PROPER PLUG-IN POLARITY TO 
PREVENT DAMAGE TO CONVERTER 

PIN DESIGNATIONS 


PIN 

DESCRIPTION 

PIN 

DESCRIPTION 

1 

SIGNAL GND 

32 

GAIN TRIM 

2 

BIPOLAR OFFSET 

31 

REF OUT 

3 

•out 

30 

-15V 

4 

AMPIN 

29 

+ 15V 

5 

20V SPAN 

28 

+ 5V 

6 

10V SPAN 

27 

POWER GND 

7 

AMP OUT 

26 

WR 

8 

DB17 (MSB) 

25 

DBO(LSB) 

9 

DB16 

24 

DB1 

10 

DB15 

23 

DB2 

11 

DB14 

22 

DB3 

12 

DB13 

21 

DB4 

13 

DB12 

20 

DB5 

14 

DB11 

19 

DB6 

15 

DB10 

18 

DB7 

16 

DB9 

17 

DB8 


NOTES 

* Specifications same as ADI 1 39J. 

'Initial Errors are adjustable to zero via external potentiometers (see Figure 1 ). 

2 FSR means Full-Scale Range. 

^Temperature stability of linearity is guaranteed toa 1% AQL, Level II sampling plan per 
MIL-STD-105. 

4 See Figure 7 for typical long-term linearity stability vs. temperature. Also, see the 
BURN-IN section on page 6 for caution against preconditioning by the user. 

5 Figure 9 provides typical LSB and full-scale settling time to within 1/2LSB 
at 12- to 18-bit resolutions. 

^Current Output Operation is structured for input to the summing junction of an amplifier. 
Specifications subject to change without notice. 
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ANALOG OUTPUT RANGE 

The ADI 139 is pin programmable to provide a variety of analog 
outputs, either current or voltage. A unipolar output current of 
0 to — 1mA is available at Pin 3 and can be offset by 0.5mA 
(connect Pin 2 to Pin 3) for a biolar output of ± 0.5mA. Output 
voltage ranges ( + 5V, + 10V, ±5V and ± 10V) are available at 
Pin 7 by connecting the current output (Pin 3) to the amplifier 
input (Pin 4) and the appropriate internal feedback resistors to 
the amplifier output (Pin 7) as shown in Figure 1 . 



+ 10V OPERATION 


ALL RESISTORS ARE METAL FILM RN55 OR EQUIVALENT. 
ALL CAPACITORS ARE POLARIZED TANTALUM 



+ 5 V OPERATION* i 10V OPERATION* +5V OPERATION* 

•ALL OTHER PIN CONNECTIONS ARE THE SAME AS SHOWN 
FOR UNIPOLAR 0 TO * 10V OPERATION . 


Figure 1. Output Voltage and Trim Configuration 


OFFSET & GAIN CALIBRATION 

Initial offset and gain errors can be adjusted to zero by poten- 
tiometers as shown in Figure 1 . The offset adjust range is plus 
0.03 % to minus 0.02% of full scale range (wiper of potentiometer 
to REF OUT equals plus 0.03%). The gain adjust range is plus 

0. 06 . to minus 0.08 % of full scale range (wiper to REF OUT 
equals plus 0.06%). Measurement instruments used should be 
capable of resolving lp.V at plus full scale for the chosen output 
range and within lpV of zero. 

Procedure: 

UNIPOLAR MODE 

1. Apply a digital input of all “0s.” 

2. Adjust the offset potentiometer until a 0.000000V output is 
obtained. 

3. Apply a digital input of all “Is.” 

4. Adjust the gain potentiometer until plus full-scale output is 
obtained (see Table I for exact value). 

BIPOLAR MODE 

1. Apply a digital input of 100 000. 

2. Adjust the offset potentiometer until a 0.000000V output is 
obtained. 

3. Apply a digital input of all “Is.” 

4. Adjust the gain potentiometer until plus full-scale output is 
obtained (see Table I for exact value). 



Code 000 00 Code 111 ... 11 


Unipolar + 5 V 

o.oooooov 

4-4. 999981V 


4-10V 

o.oooooov 

4- 9.999962V 



Code 100 .... 00 

Code 111 11 

Code 000 00 

Bipolar ± 5V 

O.OOOOOOV 

4- 4.999962V 

- 5.000000V 

±10V 

o.oooooov 

4- 9.999924V 

- 10.000000V 


Table I. Full-Scale and Offset Calibration Voltages 


Symbol 

Parameter 

Requirement 

tDS 

Data Setup Time 

160ns min 

*DH 

Data Hold Time 

120ns min 

*WR 

Write Pulse Width 

200ns min 


Table II. Timing Requirements 


TIMING DIAGRAM & LATCH CONTROL 

Timing requirements for the ADI 139 are shown in Table II. 

The timing diagram is shown in Figure 2. The WRite line controls 
an 18-bit wide data input latch. This latch is transparent when 
the WRite line is LOW, allowing all bits to be accessed directly. 
When the WRite line is activated HIGH, the data present at the 
inputs is held in the latch and the appropriate analog voltage is 
seen at the output. 



Figure 2. AD1 139 Timing Diagram 
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GROUNDING & GUARDING 

The current from measurement ground (Pin 1) is small and 
independent of the digital input code to the DAC. This greatly 
simplifies making error free analog measurements. Connect this 
high quality ground to the system’s or application’s high quality 
ground. Connect the DAC’s power ground (Pin 27) to the system 
return, also connect the system’s high quality ground to the 
system return. It is most important that the measurement ground 
(Pin 1) and power ground ( Pin 27) be connected externally for 
proper circuit operation. 

The current output pin (Iout> Pin 3) is sensitive to external 
noise sources, such as digital input lines. This pin and any 
components connected to this pin should be surrounded by a 
grounded guard as shown in Figure 3. 


^7 




Figure 3. Guarding Recommendations 


REMOTE SENSE APPLICATION 

The AD1139’s remote sense capability allows driving heavy 
loads or long cables without the usual, accompanying gain errors. 
By sensing at the load, as described in Figure 4, the load current 
will pass through the amplifier’s output and the power ground, 
but not through the sense lines. The potential gain errors that 
would be induced by this load current are therefore minimized. 
The load should not exceed ± 10mA or 2 nanofarads to insure 
proper operation of the AD1139’s internal output amplifier. 



Figure 4. Remote Sensing 


RATIOMETRIC DAC TESTING APPLICATION 

The AD1139’s highly stable reference output can be conveniently 
used in the testing of other high resolution DACs. Figure 5 
describes how the REF OUT (Pin 31) is used as the external 
reference input to a device-under-test. The gain of the device- 
under-test will now accurately track the AD1139’s gain and 
eliminate reference contribution to gain error. 

When used as a reference DAC to test the integral and differential 
linearity of 14- and 16-bit DACs, the ADI 139 provides a meas- 
urement capability with just 1/16LSB of uncertainty at 14 bits. 

Gain and offset errors of the device-under-test (D.U.T.) may be 
accounted for in software. Once zeroed, the integral linearity 
error can be measured as the difference between the reference 
DAC (ADI 139) and the D.U.T. as seen at the digital voltmeter. 

The differential linearity error is then determined by incrementing 
or decrementing the D.U.T. digital input by 1LSB, and comparing 
the new output at the DVM with the previous output. The 
difference between these two measurements should be exactly 
one ideal LSB. The amount of disagreement from one ideal 
LSB is the differential linearity error. 



Figure 5. Ratiometric DAC Testing 
IBM* PC INTERFACE 

Figure 6 illustrates a typical IBM personal computer interface 
which uses three 8-bit external latches and two decoder chips. 
The three HCT374 latches are connected to the data bus (DO 
through D7). The HCT138 decoder chip decodes the address 
bus and enables each latch, including the AD1139’s internal 
DAC latch, to see the appropriate digital word. The HCT688 
chip and the HCT138 decoder define the I/O address space 
where the four latches will reside. In the Figure 6 example, they 
reside in the address space as shown in Table III. 


I/O Address 

Selected Latch 

Data Bits 

380H 

Low Byte 

DB0-DB7 

381H 

Mid Byte 

DB8-DB15 

382H 

High Byte 

DB16, DB17 

383H 

ADI 139 Latch 

DB0-DB17 


Table III. IBM Interface Address Locations 


*1BM is a trademark of International Business Machines Corp. 
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INOUCED NOISE TO A MINIMUM. 

Figure 6. ADI 139 to IBM PC Compatible Interface 


LONG-TERM STABILITY VS. TEMPERATURE 

Adjusting the linearity of any DAC after it is installed in the 
application is often difficult or impossible. It is preferable to 
maintain some specified accuracy over the useful working life of 
the product (commonly 5 to 10 years). Stable linearity performance 
over time can, therefore, be a very important parameter for the 
DAC. 

Accelerated testing to determine the expected linearity stability 
over time can be accomplished by two different methods. Linearity 
is first measured at + 25°C. The DAC is then operated at a 
fixed elevated temperature for an extended period of time. The 
DAC is then retested at + 25°C, and the change in linearity 
error vs. time is calculated. The ARRHENIUS EQUATION 
(used in reliability calculations) can be used to determine what 
the acceleration factor is from + 25°C to the elevated test tem- 


perature. Knowing the acceleration factor and the linearity error 
vs. time at the elevated temperature, one could calculate the 
expected long-term stability of linearity at nominal 
temperatures. 

A second test method determines how long it will take for the 
linearity to shift by a specific error band (we chose ± 2ppm for 
our example) at any specified temperature. The first step is to 
measure the linearity at a moderately elevated temperature (e.g., 
+ 85°C) and then monitor how long it takes at this temperature 
to reach the error band limit. The second step is to perform the 
same test at a much higher elevated temperature (e.g., + 125°C). 
The two resulting time vs. temperature points are then plotted 
on semilog paper. A line drawn through the two points allows 
extrapolation to the length of time expected to reach the error 
band ( ± 2ppm) at other temperatures, including + 25°C. 
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Figure 7 shows how long it would take for the AD1139’s linearity 
to drift ±2ppm (1/2LSB) at any operating temperature. The 
uppermost plot shows stability under storage conditions (no 
power), and the lower plot shows the ADI 139’s operating stability 
(under power). The operating vs. storage difference is due to the 
10°C temperature rise when the ADI 139 is powered. 



NOTE. MAX OPERATING TEMPERATURE IS +70°C 



Figure 8. External Amplifier for High Speed 


Output Voltage Range 

Noise Gain 

0 to + 5 V 

2 

Oto + lOV 

3 

±5V 

4 

±10V 

7 


Table IV. Noise Gain vs. Output Voltage Range 


SETTLING TIME 

The LSB step and full-scale step typical settling times, to within 
± 1/2LSB at 18 bits, are shown in the Specification Table. 
Figure 9 graphically presents the typical settling times to within 
± 1/2LSB at resolutions from 12 to 18 bits. 


Figure 7. Nonlinearity vs. Time/Temperature 


BURN-IN 

All AD 11 39s undergo a 168 hour, powered burn-in @125°C, 
prior to laser trimming. This burn-in produces the optimum 
stability for the resistor network and eliminates infancy defects. 

As shown in Figure 7, exposure to elevated temperatures produces 
an acceleration of the normal aging process. Preconditioning/burn- 
in employed by the user will lead to premature linearity shifts 
outside of the initial guaranteed specifications. The ADI warranty 
will not cover DACs that exhibit this type of forced premature 
specification degradation. 

EXTERNAL AMPLIFIER FOR HIGH SPEED OR HIGH 
OUTPUT CURRENT 

The AD1139’s internal output amplifier is optimized for very 
low noise, dc stable applications with moderate settling time. 
Applications requiring higher speed or more output current can 
use an external amplifier, such as shown in Figure 8. The AD711 
settles to within 16 bits in only 6jxs for a unipolar full scale 
step. Other amplifiers may be chosen for differing tradeoffs. 

The noise gain seen by the output amplifier, depends on the 
output voltage range selected (see Table IV). The amplifier 
selected must be stable at the noise gain corresponding to the 
output range. 



1 LSB SETTLING TIMES SHOWN WILL ONLY BE ACHIEVED WITH 
CLAMPING DIODES FROM THE DAC'S AMP IN (PIN 4) TO 
GROUND PER FIGURE 1. 


Figure 9. Settling Time vs. Resolution 
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n ANALOG 

Low Cost 16-Bit 

U DEVICES 

Digital-to-Analog Converter 


ADI 145 


FEATURES 
16-Bit Resolution 
Low Nonlinearity 
Differential: ±3/4LSB max 
Integral: ±1LSBmax 
Relative Accuracy: ±0.003% max 
Fast Full-Scale Settling: 6p,s to ±1/2LSB 
High Stability 

Monotonic to 16 Bits: +15°C to + 35°C 
Offset TC: ±0.1ppm/°C max 
Gain TC: ±0.1ppm/°C max 
Double Buffered Digital Input 
Parallel and Serial Data Input 
Single + 5V Supply Operation 
Low Power Consumption: 2.5mW 
Small Size: 44-Pad Plastic LLCC 
Low Cost 

APPLICATIONS 
Automatic Test Equipment 
Scientific Instrumentation 
Machine Control 
Digital Audio 
Robotics 

GENERAL DESCRIPTION 

The ADI 145 is a double-buffered, 16-bit resolution DAC with 
±3/4LSB maximum differential and ± 1LSB maximum integral 
nonlinearity. Size comparable to the smallest monolithic DACs 
and high reliability are owed to its proprietary two-chip con- 
struction. A custom CMOS integrated circuit and laser-trimmed, 
thin-film resistor network provide 16-bit accuracy, excellent 
temperature stability and low power consumption. 

The ADI 145 offers an unparalleled combination of low cost, 
high accuracy, small size and convenient design-in features. The 
ADI 145 directly interfaces with 8- and 16-bit microprocessors 
or can be used in stand-alone applications. Digital input coding 
is binary for unipolar output and offset binary or twos complement 
for bipolar output. Data can be written to the DAC in either a 
parallel or a serial mode. Serial data readback is available for 
error checking. 


AD1145 FUNCTIONAL BLOCK DIAGRAM 



A clear line allows resetting the DAC output to zero volts on 
command. Power-up automatically resets the DAC output to 
zero volts following a power failure as required in machine 
control applications. All outputs may be simultaneously updated 
in a multiple DAC system. 

Internal application resistors allow a wide variety of pin pro- 
grammable output voltage ranges ( + 5V, + 10V, - 5V, - 10V, 
±5V and ± 10V). The ADI 145 may be operated off of a single 
+ 5V reference/supply, consuming only 2.5mW of power. 

A 5 volt full-scale output step settles to within ± 1/2LSB in just 
6 microseconds. Wideband noise (100kHz) is only 50 microvolts 
peak-to-peak. 
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SPECIFICATIONS 


(typical @ + 25°C, rated supplies unless otherwise specified) 


Model 

AD 1 145 A/ AG 

AD1145B/BG 

RESOLUTION 

16 Bits 

* 

ACCURACY 



Differential Nonlinearity, max 

±1LSB(= ±0.0015%) 

± 3/4LSB ( = ±0.001%) 

Integral Nonlinearity, max 1 

± 1LSB(= ±0.0015%) 

★ 

Relative Accuracy, max 

±0.003% 

★ 

Initial Errors 



Offset Error 

± 1/4LSB 

★ 

Gain Error 



w/o Int. Application Resistors 

± 1/4LSB 

★ 

w/Int. Application Resistors 

±0.1% 

★ 

STABILITY VS. TEMPERATURE 



Monotonicity, Guaranteed (Range °C) 



16 Bits 

<& +25 

+ 15to+35 

15 Bits 

Oto +70 

-40 to +85 

14 Bits 

-40 to + 100 

- 40 to + 100 

Offset, max 

±0.1ppm/°C 

* 

Gain, max 

±0.1ppm/°C 

* 

STABILITY LONG TERM 



Differential Nonlinearity 

± 0. 1 ppm/ 1000 hours 

★ 

Offset 

±0.1 ppm/ 1 000 hours 

★ 

Gain 

± 0. 1 ppm/ 1 000 hours 

★ 

DYNAMIC PERFORMANCE 



5 V Full-Scale Settling Time (to ± 1/2LSB) 

6(xs 

★ 

LSB Settling Time 

3|as 

* 

Glitch Energy (Major Carry (w BW = 20MHz) 

800m V x 2fxs 

* 

Total Harmonic Distortion 

-98dB 

* 

ANALOG OUTPUT 



Nominal Voltage Output Range 

+ 5V 

* 

Voltage Ranges (w/External Amplifier) 2 

-5V, -10V, +5V, +10V, 



±5V, ± 10V 

★ 

Noise (BW = 0.1-10Hz) 

5|xV pk-pk 

★ 

Noise (BW = 100kHz) 

50^V pk-pk 

★ 

Source Capacitance 

18pF 

★ 

Output Impedance 

5kD 

* 

POWER SUPPLY REQUIREMENTS (V DD ) 



w/CMOS Digital Inputs (Vi N = V DD orGND) 

+ 5V dc(«/ 10|xA 

* 

w/TTL Digital Inputs (Vi N = 2.4V or 0.5V) 

+ 5V dc (a: 3mA 

* 

Range for Multiplying 3 

V REF -0.3*sV dd =£V ref +0.6V 

★ 

Total Power (w + 5V (Including Reference) 



w/CMOS Digital Inputs 

2.5mW 

★ 

w/TTL Digital Inputs 

17.5mW 

★ 

POWER SUPPLY SENSITIVITY 



Differential Nonlinearity 

0.2ppm/% 

★ 

Offset 

10ftV/V 

★ 

Gain 

IOjjiV/V 


EXTERNAL REFERENCE INPUT 



Nominal 

+ 5V (a 500 |xA 

★ 

Range 3 

+ 3.0V dc to + 6.0V dc 

* 

Input Resistance 

lOkfl 

* 

DIGITAL INPUTS 



v». 

0.8V max (a 10p.A max 

★ 

Vih 

2.0V min (a IOjjlA max 

★ 

Parallel & Serial (with Serial Readback) 


• 

Unipolar Code 

Binary 

★ 

Bipolar Codes 

Offset Binary, 



Twos Complement 

★ 

TEMPERATURE RANGE 



Rated Performance 

- 40°C to + 100°C 

★ 

Storage 

- 55°C to + 125°C 


PACKAGE 



Surface Mount Device (ADI 145A, B) 

44-Pad Plastic Leadless 



Chip Carrier 

* 

Leaded Device (ADI 145AG, BG) 

44-Pin Grid Array 

* 


NOTES 

'Best Straight Line linearity by manipulation of the gain and/or offset to equalize maximum positive and negative deviations. 

2 For custom voltage ranges use external resistors as shown in Figure 2d and 2e. 

*V DD must track V REF within + 0.6 and - 0.3 volts. V D d and V REF can be tied together if the reference voltage is well buffered . 
•Specifications same as ADI 145A/AG. 


Specifications subject to change without notice . 

ESDS CLASSIFICATION: MIL STD-883, METHOD 3015, CATEGORY B 

CAUTION: OBSERVE PROPER PLUG-IN 
POLARITY AND DO NOT PLUG INTO 

a\ ||/r/f CArVCT TUC AAM\ICDTCD ft Jg A 

WARNING! 

LIVE SOCKET - THE CONVERTER MAY 

BE DAMAGED. 

1 1 ESD SENSITIVE DEVICE 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

PLASTIC LEADLESS 
CHIP CARRIER* 



44-PIN GRID ARRAY* 



A post assembly water wash cycle may trap 
water between the surface mount device 
and P.C. board. A drying period should 
be observed before operation (e.g., 

65°C bake for 1 hour). 

See Table VI for recommended sockets. 


ADI 145 PIN DESIGNATIONS 


PIN 

MNEMONIC 

DESCRIPTION 

1,11,12, 

23,34 

NC 

No Connection 

2 

DB11 

Data Bit 11 

3 

DB10 

Data Bit 10 

4 

DB9 

Data Bit 9 

5 

DB8 

Data Bit 8 

6,18. 



28,40 

AG NO 

Analog Ground 

7.17. 

29.39 

Vref 

Voltage Reference Input 

8 

10K 

lOkll Application Resistor 

9,10 

20K 

20kll Application Resistors 

13 

CODE 

Selects Digital Input Code 

14 

CLR 

Clear, Active Low, Asynchronous 

15 

LDAC 

Load DAC Register, Active 

Low Asynchronous 

16 

CLK 

Clock, Rising Edge Triggered 

19 

DBO/SI 

Data Bit 0 (LSB), Serial Input 

20 

DB1 

Data Bit 1 

21 

DB2 

Data Bit 2 

22 

DB3 

Data Bit 3 

24 

DB4 

Data Bit 4 

25 

DB5 

Data Bit 5 

26 

DB6 

Data Bit 6 

27 

DB7 

Data Bit 7 

30 

WRHB 

Write High Byte, Active Low 

31 

WRLB 

Write Low Byte, Active Low 

32 

CS 

Chip Select, Active Low 

33 

RD 

Readback, Active Low 

35 

Voo 

Digital Power Supply 

36 

DGND 

Digital Ground 

37 

i 

Application Resistor Common 

38 

Vo 

DAC Voltage Output 

41 

DB 15/SO 

Data Bit 15 (MSB), Serial Output 

42 

DB14 

Data Bit 14 

43 

DB13 

Data Bit 13 

44 

DB12 

Data Bit 12 
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OUTPUT AMPLIFIER AND REFERENCE 

The users choice of output amplifier and reference to complement 
the ADI 145 will have a direct effect on the overall accuracy, 
speed and precision of the complete DAC circuit. The ADI 145 
can be optimized accordingly for a wide range of applications. 
Internal application resistors are provided to obtain output voltage 
ranges of 0 to 5V, 0 to 10V, 0 to - 5V, 0 to - 10V, ± 5V, and 
± 10V. External resistors can be used for custom output voltage 
ranges as shown in Figure 2. 

The ADI 145’s high impedance (5kil) voltage output must be 
buffered to drive a load since resistive loading at the output 
introduces a gain error (e.g., 50M11 load resistance introduces a 

0.01% gain error). Op amp bias current flows through the DAC 
output impedance to introduce an offset term (e.g., 100 nanoamps 
bias current introduces a 0.01% offset error). 

In the noninverting mode the inputs of the operational amplifier 
swing between 0 and + 5 volts. Therefore, to maintain 16-bit 
linearity the common-mode rejection ratio of the operational 
amplifier must be at least 96dB over a 5 volt range. Special 
consideration must be given to offset voltage, offset drift, 
bias current, bias drift, common-mode rejection, slew rate, 
and settling time when selecting an operational amplifier. 

High quality BiFET amplifiers, such as the AD711, are 
recommended. 

The linearity and settling time for the ADI 145 have a direct 
correlation to the output impedance and recovery time of the 
voltage reference. Therefore, a reference with a fast recovery 
time and low output impedance, such as the AD586, is recom- 
mended. When choosing a voltage reference, gain error and 
temperature drift must also be considered. A typical reference 
and output amplifier hookup is shown in Figure 1 . 


UNIPOLAR MODE CALIBRATION 

1 . Apply a digital input of all “0”s. 

2. Adjust the offset potentiometer until a 0.00000V output 
is obtained. 

3. Apply a digital input of all “l”s. 

4 . Ad j ust the gain potentiometer until plus full-scale output 
is obtained, (see Table I for full-scale value). 

BIPOLAR MODE CALIBRATION 

1 . Apply a digital input of all “0”s (for offset binary coding) 
or 8000 Hex (for twos complement coding). 

2 . Adjust the offset potentiometer until minus full-scale 
output is obtained (see Table I for value). 

3. Apply a digital input of all “1 ”s (for offset binary coding) 
or 7FFF Hex (for twos complement coding). 

4 . Adjust the gain potentiometer until plus full-scale output 
is obtained (see Table I for full-scale value). 


Range 

Input Code (Hex) | 

Output 

Unipolar: 




0V to 5 V 

0000 

o.ooooov 


FFFF 

4.999924V 

OVtolOV 

0000 

O.OOOOOV 


FFFF 

9.999848V 


Offset 

Twos Comp 


Bipolar: 

-5V to +5V 

0000 

8000 

-5.00000V 


FFFF 

7FFF 

+ 4.999848V 

-lOVto + lOV 

0000 

8000 

- 10.00000V 


FFFF 

7FFF 

+ 9.999695V 


Table I. Offset and Gain Adjust 


+ 5V 



Figure 7. AD1 145 Configured for a 0 to 5V Output with 
External Reference and Unity Gain Amplifier. 


OFFSET AND GAIN CALIBRATION 

The ADI 145 has virtually no offset or gain errors of its own. 
When connected in a system, such as that shown in Figure 1, 
the system errors are nulled with external potentiometers. Offset 
error is nulled by adjusting the offset voltage of the output 
amplifier. Gain error is nulled by adjusting the output voltage of 
the external reference. The voltmeter used to measure the output 
must be capable of l|xV resolution. Offset adjustment should be 
done before gain adjustment. 


ANALOG OUTPUT RANGE 

Figure 2 shows the required external amplifier connections for 
standard and custom output ranges. See Figure 1 for 0 to 5V. 



a. 0 to + 10V Output 




d. Unipolar Output 



Figure 2. Analog Output Range Configurations 
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TIMING DIAGRAM 

The timing requirements of the ADI 145 are shown in Table II. 
The timing diagrams for both serial and parallel input modes of 
operation as well as serial output operation are shown in 
Figure 3. The serial output mode enables the user to read back 
data written to the ADI 145. 


Symbol 

Parameter 

Requirement 

tDS 

Data Setup Time 

25ns 

tDH 

Data Hold Time 

10ns 

twR 

Write Pulse Width 

25ns 

tews 

Chip Select to Write Setup 

0ns 

tcWH 

Chip Select to Write Hold 

0ns 


Table II. Timing Requirements 


— hl: 

U-tww— -4 , , 1 

'hr~ 

■ S~W'-"Y ” pn 


2 Si | * ^ 1 


3 ^ ” j^j 

4 rffrli'AMP " II 


v^Misi | u \ i 

|*-t OS -#|*-t D H-#j |*.t 0 S-*| 

*-t OH -*| 

DATA V HIGHILOWI V ” Y t-OW(HK3H) Y " 

DATA ^ BYTE VALID A j. A BYTE VALID A ff 


FOR 3 CYCLE WRITE OPERATION REFER TO LINES 1, 2, ANDA 

FOR 2 CYCLE WRITE OPERATION REFER TO LINES 1 AND 4 [LDAC TIED TO WRLB(WRHB)]. 


PARALLEL INPUT OPERATION 



SERIAL INPUT OPERATION 


„ r 



DATA X SDB15 y SDB14 j X SD b7~X SDB1~)( SDBO y SDB15 


SERIAL READBACK OPERATION 


= 12MHz max 


Figure 3. Timing Diagrams 

The ADI 145 has eight control lines. A brief description of each 
line follows: 

CS is the Chip Select line and allows multiple ADI 145s to share 

the same input bus. The desire d DAC i s selected with the CS 

line. A low on this line enables WRLB, WRHB, CLK, and RD 
of the selected DAC. 

WRLB is the WRite line for the Low Byte input register. A low 
on this line makes the register transparent. A high level latches 
the input data into the register. 

WRHB is the WRite line for the High Byte input register. 
Operation is the same as WRLB. 

LDAC is the Load line for the DAC register. A low on this line 
makes the DAC register transparent. A high level la tches th e 
data from the input registers into the DAC register. LDAC 
operates independently of CS. 


CLK is the line used to CLocK serial data into or out of the 
input registers. Data is moved on each positive transition of 
CLK. Note that CLK must be held high for parallel operation. 

RD is the ReaD line. A low on this line enables the serial output 
function and also connects the serial output to the serial input. 

CLR is the CLeaR line. A low on this line clea rs the DAC 
output to zero volts regardless of input coding. CLR operates 
independently of CS. 

CODE determines the input coding of the DAC. A low on this 
line inverts the MSB for twos complement coding. A high does 
not invert the MSB (for binary and OBN codes). 

PARALLEL OPERATION 

The ADI 145 is fully compatible with either 8- or 16-bit micro- 
processor systems. In an 8-bit system, data may be loaded using 
either two or three instruction cycles, with either the high byte 
or the low byte being loaded first. Typical load sequences are 
(1) load high byte, load low byte, load DAC register, or (2) load 
high byte, load low byte and DAC register. With a 16-bit system, 
data may be loaded using either one, or two, instruction cycles, 
or the DAC may be operated with all of its registers transparent. 
Table III illustrates the AD1145’s parall el op eration as a function 
of its control lines. Note that CLK and RD must be held high 
for parallel operation. 








CLR 

CS 

WRLB 

WRHB 

LDAC 

OPERATION 

0 

X 

X 

X 

X 

Reset DAC Output to 

Zero Volts. 

1 

0 

0 

0 

0 

Input and DAC 

Registers are Transparent. 

1 

0 

0 

0 

1 

Load High Byte and 

Low Byte Input Registers. 

1 

0 

0 

1 

0 

Load DAC Register 
from High Byte Register 
and Transparent Low 

Byte Inputs. 

1 

0 

0 

1 

1 

Load Low Byte Input 
Register. 


0 

1 

0 

0 

Load DAC Register 
from Low Byte Register 
and T ransparent High 
Byte Inputs. 

1 

0 

1 

0 

1 

Load High Byte Input 
Register. 

1 

0 

1 

1 

0 

Load DAC Register from 
Input Registers. 

1 

1 

X 

X 

0 

Load DAC Register from 
Input Registers. 

1 

1 

X 

X 

1 

No Operation. 

1 

X 

1 

1 

1 

No Operation. 


Table III. Parallel Operation Truth Table 


SERIAL OPERATION 

In the serial mode, data is written from DBO/SI into the input 
register on each positive going transition of the clock. For error 
checking, data can also be readback from the input register to 
DB 15/SO. The serial output is switched internally to the serial 
input in the readback mode so that the data is recirculated as it 
is read. In this way the data is restored after 16 clock cycles. 

The data in the DAC register and hence the DAC output voltage 
is unchanged during readback. Table IV shows the serial operation 
of the ADI 145 as it relates to the status of the control lines. 

INPUT CODING 

The ADI 145 accepts data in twos complement, offset binary, or 
straight binary formats. The code pin either inverts or not inverts 
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CLR 

CS 

CLK 

RD 

0 

X 

X 

X 

1 

0 

♦ 

1 

1 

0 

t 

0 

1 

X 

X 

X 

1 

X 

A 

X 


LDAC 

x 

1 

1 

0 

1 


OPERATION 

Reset DAC Output to Zero Volts. 
Clock Serial Data from DBO/SI into 
Input Register. 

Clock Serial Data from Input 
Register out to DB 1 5/SO. 

Load DAC Register. 

No Operation. 


Table IV. Serial Operation Truth Table 

the MSB. If code is low, the MSB is inverted for twos complement 
coding. If code is high, the MSB is true for straight binary and 
offset binary coding. See Table V for further detail. 

CLEAR LINE OPERATION 

The clear line, in conjunction with the code line, resets the 
DAC output to zero volts. For straight binary operation CODE 
should be tied to + V D dj the MSB will not be inverted, the 
DAC register gets reset to 0000H, and the ADI MS’s output is 
reset to zero volts. For twos complement operation, CODE is 
tied to DGND, the MSB is inverted, the DAC register is reset 
to 1/2 full scale, and the AD1145’s output is reset to zero volts. 
For offset binary operation CODE is tied to CLR. In this way 
the MSB is not inverted in normal operation but on CLEAR the 
MSB gets inverted, the DAC register is reset to 1/2 full scale, 
and the AD1145’s output is reset to zero volts. Table V shows 
the clear operation as a function of CODE input. 


CLR 

CODE 

OPERATION 

0 

0 

BIPOLAR CLEAR (Twos Complement, 
Offset Binary) 

0 

1 

UNIPOLAR CLEAR (Binary) 

1 

0 

MSB INVERTED (Twos Complement) 

1 

1 

MSB TRUE (Binary, Offset Binary) 


Table V. Clear Operation Truth Table 


POWER-UP RESET 

In the event of a power failure, the DAC output is automatically 
reset to zero volts upon power-up. When CODE is high, the 
DAC is reset to zero for a unipolar clear. When CODE is low, 
the DAC is reset to 1/2 fuil scale for a bipolar clear (zero volt 
output). 

GROUNDING AND GUARDING 

The ADI 145 is a precision D/A converter with 76jjlV LSB 
resolution at a FSR of 5V. Special care must be taken to insure 
proper layout, grounding, and guarding. Analog and digital 
grounds should be individually star pointed and then tied together 
at a single point near the measurement point. High-speed digital 
inputs should be kept separate from low level analog outputs. 
Power supplies should be locally bypassed around all high-speed 
components and at the power supply input to the printed circuit 
board. All high impedance nodes such as the DAC output and 
amplifier inputs are sensitive to interference from the digital 
input lines. They should be surrounded by low impedance 
guard tracks at all times. Figure 2 shows the proper guarding of 
the ADI 145 depending on output configuration. 


SINGLE SUPPLY OPERATION 

The ADI 145 can operate with V DD connected to Vref. If CMOS 
is used to drive the DAC inputs, the static current drawn from 
V D d will be less than 10|xA. If TTL is used to drive the DAC 
inputs, the static current draw will be increased to about 3mA 
depending on the digital input. Therefore, the reference must 
be well buffered to avoid code dependent errors when TTL 
inputs are used. Figure 4 shows the ADI 145 operating from a 
single supply. 


+ 15V 



Figure 4. Single Supply Configuration 
MULTIPLYING DAC OPERATION 

The ADI 145 operates as a two quadrant multiplying DAC over 
a limited voltage range. V RE f can vary between 3 and 6 volts. 
Vdd must track V RE f within +0.6 and -0.3 volts. Logic levels 
will vary with V D d> with a logic low being less than 1/3V DD and 
a logic high being greater than 2/3 V DD . Vdd and V REE may be 
tied together provided the reference voltage is well buffered. 

A useful application of the multiplying feature is to set the 
reference voltage to 4.096 volts and configure the DAC as shown 
in Figure 2b for ± 10V range. This provides a ±8.192 volt full- 
scale output for a bit weight of 0.25mV per LSB. 

MULTIPLE DAC APPLICATION 

The ADI 145 is well suited for applications using multiple DACs 
sharing the same data bus, as in automated test equipment. 
Figure 5 shows a typical multiple DAC hookup. Note that the 
WRLB, WRHB, LDAC, RD, CLR, and CLKJines from each 
DAC are tied together. A separate chip select (CS) line is provided 
to individually select each DAC. Data can be written to one or 
all DACs by appropriate selection of the chip select lin es. All 
DACs may be simultaneously updated by strobing the LDAC 
line. A separate CODE line is provided for each DAC so that 
they may be independently configured for unipolar and bipolar 
coding. 
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CODE 3 CS3 


Figure 5. Multiple DAC Application 
PARALLEL READBACK 

Full parallel readback can be achieved by adding two 74ALS990 
octal D-type read-back latch chips as shown in Figure 6. These 
latches also reduce digital feedthrough from the data bus; an 
important consideration in high accuracy systems. 



Figure 6. Parallel Readback 
PACKAGE INFORMATION 

The ADI 145 is packaged in a 44-pad glass epoxy chip carrier. 
This package is ideal for automated surface mounting due to its 
excellent dimensional tolerances and planarity. As the package is 
made from the same material as printed circuit boards, it has 
the same temperature coefficient of expansion. This minimizes 
stress and maximizes product reliability. Standard JEDEC leadless 
chip carrier sockets such as those manufactured by Textool can 
be used for testing. For conventional through-hole mounting, 
the ADI 145 is also available in a PGA package. See Table VI 
for recommended sockets. 


Simple 8-Bit and 16-Bit Data Bus Connections 

The ADI 145 can be configured to directly connect to an 8-bit 
or 16-bit data bus. An 8-bit microprocessor requires at least two 
write cycles to supply 16 bits of input data. Utilizing the AD1145’s 
high byte and low byte input registers, one byte at a time is 
loaded from the 8-bit bus. The 16-bit DAC register can be 
latched during or after the second byte write operation. Figure 
7 shows a typical ADI 145 connection to an 8-bit bus. Note 
that the three logic gates can be eliminated if two address lines 
are available. 



Figure 7. 8-Bit Microprocessor Interface 

A 16-bit microprocessor supplies a complete 16-bit input in a 
single write cycle. This eliminates the requirement for the indi- 
vidual high byte and low byte input latches. Figure 8 shows a 
typical ADI 145 connection to a 16-bit bus. T he 16-bi t DAC 
register is made transparent by grounding the LDAC line or can 
be strobed for full double buffering. 
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Figure 8. 16-Bit Microprocessor Interface 


Package 

Purpose 

Manufacturer 

Mfg. Part No. 

PLLCC 

Test 

Textool 

244-4961-000 

PGA 

Test 

Amp 

55280-4 

PGA 

Production 

Advanced 

Interconnections 

Augat 

Samtec 

CS044-01TG 

PPS044-3A0802-L 

MPAS-044-ZS-8 


Table VI. Recommended Sockets 
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ANALOG 

DEVICES 


Microprocessor Compatible 
16- Bit 0/A Converters 


AD1147/AD1148 


FEATURES 
Low Nonlinearity 
Differential: ±0.00076% max 
Integral: ±0.00076% max 
Differential TC: ±1ppm/°C max 
Fast Settling 

Full Scale: 20ps to ±0.00076% 

LSB: 3ps to ±0.00076% 

Low Power: 375mW Including Reference 
Functionally Complete 

Internal Reference, Output Voltage Amplifier, 

Input Latches and 8-Bit Latched Input DACs 
for Offset and Gain Correction. 

Full Four Quadrant Multiplying 
Low Cost 

APPLICATIONS 
Automatic Test Equipment 
Scientific Instrumentation 
Beam Positioners 
Robotics 

Graphics Displays 
GENERAL DESCRIPTION 

The ADI 147 and ADI 148 are 16-bit resolution, hybrid, latched 
input, digital-to-analog converters. Their two 8-bit latched input 
DACs allow direct offset and gain correction via microprocessor 
interface. 

The ADI 147 and ADI 148 are constructed as hybrids in a compact 
32-pin, triple wide dual-in-line package. Precision CMOS switches 
and a laser-trimmed thin-film resistor network are used to provide 
16-bit accuracy and excellent temperature stability. 

The Main (16-bit) DAC is loaded as a 16-bit word. The offset 
and gain correction DACs are each loaded as 8-bit words. The 
ADI 147 multiplexes both correction DACs’ inputs with the 
Main DACs eight LSBs. This pin sharing allows for additional 
pin connections providing: external reference input, a current 
output and feedback resistors for voltage output ranges of 0 to 
+ 5V, 0 to + 10V, ± 5V and ± 10V. 

The ADI 148 correction DACs’ inputs are separate from the 
Main DAC’s. The gain correction DAC’s inputs are multiplexed 
with the offset DAC’s 8-bit inputs. This allows for a separate 8- 
bit bus interface with the correction DACs - common in appli- 
cations such as Automatic Test Equipment. 


AD1147/AD1148 FUNCTIONAL BLOCK DIAGRAMS 
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(typical @ + 25°C and rated supplies unless otherwise specified) 


MODEL 

AD1147 

AD1148 

RESOLUTION 

16 Bits 

* 

ACCURACY 



Differential Nonlinearity 

± 0.00076% FSR 1 (max) 

±0.00076% FSR 1 (typ), 
±0.0015% FSR 1 (max) 

Integral Nonlinearity 

± 0.00076% FSR 1 (max) 

±0.00076% FSR 1 (typ), 
±0.0015% FSR 1 (max) 

Monotonic (16 Bits) 

Guaranteed 

★ 

Offset 

Adjustable to Zero 

* 

Gain 

Adjustable to Full Scale 

★ 

STABILITY 



Differential Nonlinearity 

± lppm/°C(max) 

★ 

Offset 

± 20p.V/°C (max) 

*★ 

Bipolar Offset 

± 6ppm/°C (max) 

★ 

Gain (Includes Int. Ref.) 

± 10ppm/°C (max) 

* 

STABILITY, Long-Term 



(ppm/1000 hr.) 



Differential Nonlinearity 

± lppm 

★ 

Offset 

±3ppm 


Bipolar Offset 

±3ppm 

* 

Gain 

± 12ppm 

* 

REFERENCE VOLTAGE 



Output Voltage 

+ 10.00V, ±0.3% (max) 

** 

Output Current 

2mA (max) 

** 

Ext. Ref Voltage Range 2 

-12V to + 12V 


Input Resistance 

12kfl 

★★ 

DYNAMIC PERFORMANCE 



Settling Time to ±0.00076% 
Voltage, FuU-Scale Step 

20jxs 

* 

Voltage, LSB Step 

3|xs 

* 

Current 

2|xs 

★★ 

DIGITAL INPUT CODES 

5 Volt CMOS/TTL Compatible 


Main D AC 



Unipolar 

Binary (BIN) 

** 

Bipolar 

Offset Binary (OBN) 

* 

Correction DACs 

Binary (BIN) 

* 

ANALOG OUTPUT 



Voltage 

+ 5V, + 10V, ± 5V, ± 10V 

±10V 

Current 

- 2mA, ± 1mA 

★★ 

Voltage Compliance 

±500mV 


Noise (lOOkHzBW) 

60(xV rms 

if 

POWER REQUIREMENTS 



Voltage (Rated Performance) 

± 15V (±5%) 

* 

Voltage (Operating) 

± 12.5V to ± 17V 

* 

Supply Current Drain 

± 15mA (max) 

★ 

Total Power @V S = ± 1 5 V 

375mW typ, 500mW max 

★ 

POWER SUPPLY SENSITIVITY 



Offset 

± lOppm/V 

* 

Gain 

± lOppm/V 

* 

OFFSET ADJUSTMENT 



Range 

±0.05% FSR 

* 

Resolution (@ ± 10V) 

1/4LSB 

* 

GAIN ADJUSTMENT 

± 0.2% FSR V ± 0. 1% FSR 1 


Range (Unipolar/Bipolar) 

NA 1* 

Resolution (Unipolar/Bipolar) 

1LSB/1/2LSB 

NA/* 

TEMPERATURE RANGE 



Rated Performance 

— 25°C to + 85°C 

★ 

Storaee T emoerature 

— 40°C to + 100°C 

* 

SIZE 

2.00" x 1. 17" x 0.225" (all maximums) 
(50.8 x 29.7 x 5.7mm) 



NOTES 

^Specifications same as ADI 147. 

**AD1 148 does not provide pin connections to current output, reference input, reference output or the 
internal feedback resistors. Output voltage range is fixed at ± 10V. 

‘FSR means Full-Scale Range. 

2 Rated performance is specified with + 10V reference. 

Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


hr. 1.17(29.7) MAX frj 


ADI 147/AD1 148 




“ 0.010(0.25) x 
0.020 (0.51) 
0.025 (0.6) RECTANGULAR 
MAX 


yo.i9o 



* PIN 1 LOCATION IS IDENTIFIED BY A WHITE DOT 
ON THE TOP SURFACE. 



ADI 147 PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ V S 

32 

Vo 

2 

PGND 

31 

10k 

3 

-V s 

30 

5k 

4 

AMPIN 

29 

10k 

5 

lo 

28 

REFIN 

6 

MGND 

27 

REF OUT 

7 

WR/M 

26 

MGND 

8 

WR/C 

25 

O/G 

9 

MSB 

24 

B16/CB8 

10 

B2 

23 

B15/CB7 

11 

B3 

22 

B14/CB6 

12 

B4 

21 

B13/CB5 

13 

B5 

20 

B12/CB4 

14 

B6 

19 

B11/CB3 

15 

B7 

18 

B10/CB2 

16 

B8 

17 

B9/CMSB 


ADI 148 PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ V S 

32 

Vo 

2 

PGND 

31 

MGND 

3 

-V s 

30 

WR/M 

4 

MSB 

29 

WR/C 

5 

B2 

28 

O/G 

6 

B3 

27 

CB8 

7 

B4 

26 

CB7 

8 

B5 

25 

CB6 

9 

B6 

24 

CB5 

10 

B7 

23 

CB4 

11 

B8 

22 

CB3 

12 

B9 

21 

CB2 

13 

B10 

20 

CMSB 

14 

B11 

19 

B16 

15 

B12 

18 

B15 

16 

B13 

17 

B14 
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ADI 147/AD1 148 


ANALOG OUTPUT RANGE 

The ADI 148 is internally connected for ±10 volts output 
range. 

The ADI 147 is pin programmable to provide a variety of analog 
outputs, either current or voltage. A unipolar output current of 
0 to - 2mA is available at pin 5, and can be offset by 1mA (by 
connecting pin 28 to pin 29) for a bipolar output of ± 1mA. 
Output voltage ranges ( + 5V, + 10V, ± 5V and ± 10V) are 
available at pin 32 by connecting the current output (pin 5) to 
the amplifier input (pin 4) and the appropriate internal feedback 
resistors to the amplifier output (pin 32) as shown in Figure 1 . 






Figure 1. AD1 147 Analog Output Range Pin Programming 

TIMING DIAGRAM 

The timing requirements for the models ADI 147 and ADI 148 
are shown in Table I. The timing diagrams for the MAIN 16-bit 
DAC and the 8-bit Correction DACs are shown in Figure 2. 

The three control lines operate as follows: 

WR/M is the write line for the main DAC. The latches are 
transparent when the write line is low, and latched when the 
write line goes high. 

WR/C is the write line for the correction DACs. Operation is 
the same as above. 

O/G selects between the offset correction DAC and the gain 
correction DAC. A high level on this pin selects the offset DAC. 
A low level selects the gain DAC. 


SYMBOL 

PARAMETER 

REQUIREMENT 

Main DAC 

tDS 

Data Setup Time 

140ns min 

tDH 

Data Hold Time 

120ns min 

twR 

Write Pulse Width 

250ns min 

Correction DACs 


tcs 

O/G To Write Setup Time 

200ns min 

tcH 

O/G To Write Hold Time 

20ns min 

tDS 

Data Valid To Write 

110ns min 

tDH 

Setup Time 

Data Valid To Write Hold 

0ns min 

twR 

Write Pulse Width 

100ns min 


Table I. Timing Requirements 


WRITE/MAIN (WR/M) 


DATA IN (MSB-B16) 



Vdo 

0 




Vdd 

0 


MAIN DAC WRITE CYCLE TIMING DIAGRAM 


OFFSET/GAIN (O/G) 


■A 


Iet. 



NOTES: 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% to 90% of V DD • V DD = +5V, t R = t F = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V|H * 2 V|L 


Figure 2. AD1 147 and AD1 148 Timing Diagrams 

OFFSET AND GAIN CALIBRATION 

Initial offset and gain errors can be adjusted to zero using the 
two internal 8-bit calibration DAC’s. There are three control 
lines used in the calibration sequence: WR/M is the write line 
for the Main (16-bit) DAC - the latches are transparent when 
the write line is low, and latched when the write line goes high; 
WR/C i s the write line for the correction DACs and operates the 
same as WR/M; O/G selects between the offset correction DAC 
and the gain correction DAC - a high level on this pin selects 
the offset DAC and a low level selects the gain DAC. 

Offset and Gain calibrations are performed as follows: 

1. With WR/M low, set the digital inputs of the Main DAC to 
“000.... 00” (in unipolar mode) or “100.... 00” (in bipolar 
mode). 

2. Set WR/M high to latch the digital input into the Main 
DAC. 

3. With WR/C low and O/G high, adjust the digital inputs of 
the offset correction DAC until the Main DAC’s output 
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voltage (pin V 0 ) is as close to 0.000000 volts as possible. 

Note that incrementing the digital input produces a more 
negative voltage output. 

4 . Set WR/C high to latch the digital input into the offset correction 
DAC. 

5. With WR/M low, set the digital input of the Main DAC to 

“ 111 .... 11 ”. 

6. Set WR/M high to latch the digital input into the Main 
DAC. 

7. With WR/C low and O/G low, adjust the digital inputs of the 
gain correction DAC until the Main DAC’s output voltage 
(pin Vo) is as close as possible to the positive full-scale voltage 
shown below in Table II. Note that incrementing the digital 
input produces a more negative voltage output. 

8. Set WR/C high to latch the digital input into the gain correction 
DAC. 

9. Calibration is complete. Set WR/M low and begin/resume 
normal digital-to-analog conversion via the Main DAC. 


Output Voltage Range Positive Full-Scale Voltage 


0 to + 5 volts 
Oto + 10 volts 
± 5 volts 
± 10 volts 


+ 4.999924 volts 
+ 9.999847 volts 
+ 4.999847 volts 
+ 9.999695 volts 


Table II. Gain Calibration 

GROUNDING AND GUARDING 

The current from the measurement ground pin (MGND) is 
constant, independent of digital input, for ease of making meas- 
urements. This is the high quality ground for the ADI 147 and 
ADI 148. It should be connected to the high quality ground in 
the application. Power ground (PGND) should be connected to 
measurement ground (MGND) at the measurement point. 

The current output pin (Io) of the ADI 147 is sensitive to inter- 
ference from the digital input lines. It should be surrounded by 
a grounded guard at all times. When using the ADI 147 in the 
voltage output mode, both the “I 0 ” and “AMP IN” pins should 
be guarded (see Figure 3). 


AD1 147 AD1147 

EXTERNAL 



Figure 3. Typical Guarding Techniques 

EXTERNAL AMPLIFIER FOR LOW DRIFT VOLTAGE 
OUTPUT OR HIGH OUTPUT CURRENT 

The internal output amplifier of the ADI 147 is designed for 
high-speed applications that require fast settling times. An external 
precision operational amplifier like the AD OP-07C can be 
applied when lower offset (less than 20pV/°C) is important (see 
Figure 4). Simply connect the current output (Pin 5) to the 
inverting input of the amplifier and connect the proper feedback 
resistors as shown in Figure 1. Be certain to keep the current 


output-amplifier’s input connection short and surrounded by a 
grounded guard. To avoid degrading the gain drift performance 
of the DAC, always use the internal feedback resistors, since 
they are matched to the internal current weighting resistors of 
the DAC. It is also good practice to connect the negative input 
(Pin 4, AMP IN) of the unused internal output amplifier to its 
output (Pin 32, Vo). 

The current drift of the ADI 147 is typically 350pA/°C from 
+ 15°C to + 35°C. When using the AD OP-07, the total offset 
drift of the output signal will typically be less tax." 2p,V/°C. 

As a second example, a high output current amplifier can be 
connected to the ADI 147 to create a programmable power supply. 
The configuration is the same as shown for the AD OP-07C in 
Figure 4. 



Figure 4. Precision DAC with ±8. 192V F.S. Output 
Voltage 

FULL FOUR-QUADRANT MULTIPLYING DAC 

The ADI 147 is a full four-quadrant multiplying DAC and can 
be used with references varying between +12 and - 12 volts. 
Typical linearity vs. external reference voltage is shown in Figure 
5 . Output voltage ranges other than those provided can be obtained 
by connecting the appropriate reference voltage to “REF IN” 
(Pin 28), (see Figure 4). The DAC output voltage can be calculated 
as follows: 


UNIPOLAR V 0 
BIPOLAR V 0 = 


= DIGITAL INPUT 
2 16 

DIGITAL INPUT w 
2 16 


x Vrbf 
5k 

Vr5f x 

5k 


x R fb 


Rfb - 


Vref 

10k 


DIFFERENTIAL 

LINEARITY 

ERROR (% OF FULL-SCALE RANGE) 



POSITIVE OR NEGATIVE REFERENCE VOLTAGE 

Figure 5. Typical Differential Linearity vs. External Refer - 
ence Voltage 
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Applications - ADI 147/AD1 148 


8-BIT MICROPROCESSOR INTERFACE 

The ADI 147/AD 1148 can easily be operated with an 8-bit bus 
by the addition of an octal latch. The 16-bit Main DAC is loaded 
from the 8-bit bus as two 8-bit bytes. Figure 6 shows the con- 
figuration when using a 74HC573 octal latch. 

The eight most significant bits are latched into the 74HC573 by 
setting the “latch enable” control line low. The eight least sig- 
nificant bits are then placed on the bus. Now all sixteen bits can 
be simultaneously latched into the Main DAC by setting WR/M 
high. 

The offset and gain correction DAC’s are calibrated as they 
were for 16-bit microprocessor applications. See the “OFFSET 
AND GAIN CALIBRATION” section of this data sheet. 




Figure 6. Connections for 8-Bit Bus Interface 

AUTOMATIC TESTING OF 12-BIT ADC’S AND DAC’S 

The ADI 147 and ADI 148 can be used as a reference DAC to 
automatically test the integral and differential linearity of 12-bit 
ADCs and DACs. An ideal reference DAC should be an order 
of magnitude more accurate than the devices to be tested. The 
ADI 147 and ADI 148 are sixteen times more accurate than the 
devices to be tested and therefore can be considered ideal. 

The general test procedures for ADCs and DACs are shown 
below. Before actual testing proceeds, calibrate the offset and 
gain of the ADI 147 or ADI 148 (see “OFFSET AND GAIN 
CALIBRATION” section of this data sheet). 

ADC TESTING (refer to Figures 7 and 8). 

The differential nonlinearity of ADC’s is the difference between 
the actual code widths of the analog input voltage vs. the ideal, 
one LSB, code widths of a perfect converter. A code width is 
the range of analog input voltage which produces the desired 
digital output word. 


A code width can be measured by determining the analog input 
voltage at which the transition occurs from the code under test 
to its next lower digital output code and then differencing that 
analog value with the same determined for the transition from 
the code under test to its next higher digital output code. 

Virtually all converters exhibit a degree of noise. This will necessi- 
tate an averaging technique to determine the analog input value 
for a code transition - where a reduction in analog input voltage 
produces a majority of the lower digital code decisions and an 
analog input increase produces a majority of the higher digital 
code decisions. 

Begin testing by calibrating the offset and gain of the ADC 
under test per the manufacturer’s instructions. Set the digital 
inputs of the reference DAC to the nominal value of the desired 
transition edge (produces an analog input to the device under 
test that is either 1/2LSB below or 1/2LSB above the ideal analog 
input for the code under test). Increment or decrement this 
digital input until the Device Under Test (D.U.T.) outputs the 
digital code below the transition 50% of the time and the digital 
code above the transition 50% of the time. Record this digital 
input and repeat the procedure for the next transition of the 
nominal code to be measured. Compare this second digital input 
with the recorded input. The difference between these two 
digital values is the width of the code being measured. A perfect 
code width is 16 counts of the reference DAC. Each count 
more, or less than 16, corresponds to a differential linearity 
error of 1/16LSB for the D.U.T. The arithmetic average of the 
two digital input values is the center of the code being tested. 
Each count of difference between this actual code center and the 
ideal, nominal code center represents an integral linearity error 
of 1/16LSB. 
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DIGITAL CODE COUNT OF 16-BIT REFERENCE DAC, AND (12-BIT ADC) 



VOLTAGE, IN LSBs (a 12-BITS 


DAC TESTING (refer to Figure 9). 

To test 12-bit DACs begin with offset and gain calibration of 
the DAC under test per the manufacturer’s instructions. Set the 
digital inputs of the reference DAC and the D.U.T. to the 
desired code. Latch this digital input into the reference DAC. 
The DACs’ outputs are differenced and amplified by an AD524A 
instrumentation amplifier. The voltage error between the DACs 
is the integral linearity error. 

Now null the meter and then increment or decrement the digital 
input to the D.U.T. only, by one LSB. The meter reading will 
correspond to the code width of the new digital input word. 

The deviation of this voltage from the ideal value of one LSB is 
the differential linearity error of the D.U.T. 



Figure 9. DAC Testing 


Figure 8. 12-Bit ADC Linearity Testing 
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□ ANALOG 
DEVICES 


ADI 856 


16-Bit 
PCM Audio DAC 


FEATURES 

0.0025% THD 

Fast Settling Permits 2x # 4x or 8x Oversampling 
±3V Output 

Optional Trim Allows Superlinear Performance 
±5V to ±12V Operation 
16-Pin Plastic DIP Package 
Serial Input 

APPLICATIONS 
Compact Disc Players 
Digital Audio Amplifiers 
DAT Recorders and Players 
Synthesizers and Keyboards 


PRODUCT DESCRIPTION 

The AD 1856 is a monolithic 16-bit PCM Audio DAC. Each de- 
vice provides a voltage output amplifier, 16-bit DAC, 16-bit 
serial-to-parallel input register and voltage reference. The digital 
portion of the AD 1856 is fabricated with CMOS logic elements 
that are provided by Analog Devices’ BiMOS II process. The 
analog portion of the AD 1856 is fabricated with bipolar and 
MOS devices as well as thin film resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play- 
back. Laser trimming of the linearity error affords extremely 
low total harmonic distortion. An optional linearity trim pin is 
provided to allow residual differential linearity error at midscale 
to be eliminated. This feature is particularly valuable for low 
distortion reconstructions of low amplitude signals. Output 
glitch is also small contributing to the overall high level of per- 
formance. The output amplifier achieves fast settling and high 
slew rates, providing a full ±3V signal at load currents up to 
8mA. The output amplifier is short circuit protected and can 
withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. The latch en- 
able signal transfers the input word from the internal serial in- 
put register to the parallel DAC input register. The input clock 
can support a 10MHz clock rate. This serial input port is com- 
patible with popular digital filter chips used in consumer audio 
products. These filters operate at oversampling rates of 2x, 4x 
and 8x sampling frequency. 

The AD 1856 can operate with ±5V to ±12V power supplies 
making it suitable for both the portable and home-use markets. 
The digital supplies, V L and — V L , can be separated from the 
analog supplies, V s and -V s , for reduced digital crosstalk. Sep- 
arate analog and digital ground pins are also provided. 


AD1856 FUNCTIONAL BLOCK DIAGRAM 


-V s 


DGND 

V L 

NC 

CLK 

LE 

DATA 

-v. 



TRIM 

MSB ADJ 

•out 

AGND 

SJ 

Rf 

Vqut 


Power dissipation is llOmW typical with ±5V supplies and is a 
typical 300m W when ± 12V supplies are used. 

The AD 1856 is packaged in a 16-pin plastic DIP and incorpo- 
rates the industry-standard pinout. Operation is guaranteed over 
the temperature range of -25°C to +70°C and over the voltage 
supply range of ±4.75 to ± 13.2V. 

PRODUCT HIGHLIGHTS 

1. Total harmonic distortion is 100% tested. 

2. MSB trim feature allows superlinear operation. 

3. The AD1856 operates with ±5V to ±12V supplies. 

4. Serial interface is compatible with digital filter chips. 

5. 1.5|xs settling time permits 2x, 4x and 8x oversampling. 

6. No external components are required. 

7. 96dB dynamic range. 

8. ±3V or ±lmA output capability. 

9. 16-bit resolution. 

10. 2s complement serial input words. 

11. Low cost. 

12. 16-pin plastic DIP package. 
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(typical at T A = +25°C and ±5V supplies unless otherwise noted) 


Parameter 

Min 

Typ 

Max 

Units 

RESOLUTION 

16 

Bits 

DIGITAL INPUTS V IH 

2.4 


v L 

V 

V IL 

0 


0.8 

V 

Iih,V ih = V l 



1.0 

jxA 

© 

II 

> 



-50 

|xA 

Clock Input Frequency 

10 



MHz 

ACCURACY 





Gain Error 


±2.0 


% 

Bipolar Zero Error 


±30 


mV 

Differential Linearity Error 


±0.001 


% of FSR 

Noise (rms, 20Hz to 20kHz) @ Bipolar Zero 


6 


M-V 

TOTAL HARMONIC DISTORTION 





OdB, 990.5Hz AD1856N-K 


0.002 

0.0025 

% 

AD1856N-J 


0.002 

0.004 

% 

AD1856N 


0.002 

0.008 

% 

-20dB, 990.5Hz AD1856N-K 


0.018 

0.020 

% 

AD1856N-J 


0.018 

0.040 

% 

AD1856N 


0.018 

0.040 

% 

-60dB, 990.5Hz AD1856N-K 


1.8 

2.0 

% 

AD1856N-J 


1.8 

4.0 

% 

AD1856N 


1.8 

4.0 

% 

MONOTONICITY 

15 

Bits 

DRIFT (0 to +70°C) 





Total Drift 


±25 


ppm of FSR/°C 

Bipolar Zero Drift 


±4 


ppm of FSR/°C 

SETTLING TIME (to ±0.006% of FSR) 





Voltage Output 6V Step 


1.5 


JJLS 

1LSB Step 


1.0 


|XS 

Slew Rate 


9 


V/|XS 

Current Output 1mA Step 10H to lOOfl Load 


350 


ns 

lkfl Load 


350 


ns 

WARM-UP TIME 

1 

min 

OUTPUT 





Voltage Output Configuration 





Bipolar Range 


±3 


V 

Output Current 

±8 



mA 

Output Impedance 


0.1 


a 

Short Circuit Duration 


Indefinite to Common 



Current Output Configuration 





Bipolar Range (±30%) 


1.0 


mA 

Output Impedance (±30%) 


1.7 


kfl 

POWER SUPPLY 





Voltage, +V L and +V S 

4.75 

5 

13.2 

V 

Voltage, — V L and -V s 

-13.2 

-5 

-4.75 

V 

Current, +1, V L and V s = +5V, 10MHz Clock 


10 

17 

mA 

Current, -I, -V L and -V s =-5V, 10MHz Clock 


-25 

-35 

mA 

Current, +1, V L and V s = +12V, 10MHz Clock 


12 


mA 

Current, -I, -V L and -V s = -12V, 10MHz Clock 


-27 


mA 

POWER DISSIPATION 





V s and V L = ±5V, 10MHz Clock 


110 

260 

mW 

V s and V L = ±12V, 10MHz Clock 


300 


mW 

TEMPERATURE RANGE 





Specification 

0 


+ 70 

°C 

Operation 

-25 


+70 

°C 

Storage 

-60 


+ 100 

°C 


Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final test. 
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ABSOLUTE MAXIMUM RATINGS* 

V L to DGND 0 to 13.2V 

V s to AGND 0 to 13.2V 

-V L to DGND -13.2 to OV 

-V s to AGND -13.2 to OV 

Digital Inputs to DGND -0.3 to V L 

AGND to DGND ±0.3V 

Short Circuit Protection Indefinite Short to Ground 

Soldering + 300°C, lOsec 

Storage Temperature -60°C to +100°C 

^Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


PIN DESIGNATIONS 


Pin 

Function 

Description 

1 

-V s 

Analog Negative Power Supply 

2 

DGND 

Digital Ground 

3 

v L 

Logic Positive Power Supply 

4 

NC 

No Connection 

5 

CLK 

Data Clock Input 

6 

LE 

Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

~v L 

Logic Negative Power Supply 

9 

VoUT 

Voltage Output 

10 

Rp 

Feedback Resistor 

11 

SJ 

Summing Junction 

12 

AGND 

Analog Ground 

13 

loUT 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trimming Potentiometer Terminal 

16 

V s 

Analog Positive Power Supply 


CAUTION — _ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING GUIDE 


Model 

THD @ FS 

Package 

Options* 

AD1856N 

0.008% 

N-16 

AD1856N-J 

0.004% 

N-16 

AD1856N-K 

0.0025% 

N-16 


*See Section 14 for package outline information. 
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Definition of Specifications 

TOTAL HARMONIC DISTORTION 

Total Harmonic Distortion (THD) is defined as the ratio of the 
square root of the sum of the squares of the values of the har- 
monics to the value of the fundamental input frequency. It is 
expressed in percent (%) or decibels (dB). 

THD is a measure of the magnitude and distribution of linearity 
error and differential linearity error. The distribution of these 
errors may be different, depending on the amplitude of the out- 
put signal. Therefore, to be most useful, THD should be speci- 
fied for both large and small signal amplitudes. 

SETTLING TIME 

Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, meas- 
ured from the digital input transition. It is the primary measure 
of dynamic performance. 

DYNAMIC RANGE 

Dynamic Range is the specification that indicates the ratio of the 
smallest signal the converter can resolve to the largest signal it is 
able to produce. As a ratio, it is usually expressed in decibels 
(dB). The theoretical dynamic range of an n-bit converter is 
approximately (6xn) dB. In the case of the 16-bit AD1856, that 
is 96dB. The actual dynamic range of a converter is less than 
the theoretical value due to limitations imposed by noise and 
quantization and other errors. 

BIPOLAR ZERO ERROR 

Bipolar Zero Error is the deviation in the actual analog output 
from the ideal output (OV) when the 2s complement input code 
representing half scale (all Os) is loaded in the input register. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed 1LSB in the negative 
direction. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 


Rf 



ADI 856 Block Diagram 


FUNCTIONAL DESCRIPTION 

The AD 1856 is a complete, monolithic 16-bit PCM audio DAC. 
No additional external components are required for operation. 
As shown in the block diagram, each chip contains a voltage 
reference, an output amplifier, a 16-bit DAC, a 16-bit input 
latch and a 16-bit serial-to-parallel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This circuitry produces an output voltage that is 
stable over time and temperature changes. 

The 16-bit D/A converter uses a combination of segmented 
decoder and R-2R architectures to achieve consistent linearity 
and differential linearity. The resistors which form the ladder 
structure are fabricated with silicon-chromium thin film. Laser 
trimming of these resistors further reduces linearity error 
resulting in low output distortion. 

The output amplifier uses both MOS and bipolar devices to 
produce low offset, high slew-rate and optimum settling time. 
When combined with the onboard feedback resistor, the output 
op amp can convert the output current of the AD 1856 to a volt- 
age output. 
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ANALOG CIRCUIT CONSIDERATIONS 

GROUNDING RECOMMENDATIONS 

The AD1856 has two pins, designated ANALOG and DIGI- 
TAL ground. The analog ground pin is the "high quality" 
ground reference point for the device. The analog ground pin 
should be connected to the analog common point in the system. 
The output load should also be connected to that same point. 

The digital ground pin returns ground current from the digital 
logic portions of the AD 1856 circuitry. This pin should be con- 
nected to the digital common point in the system. 

As illustrated in Figure 1, the analog and digital grounds should 
be connected together at one point in the system. 


+ 5V +5V 



Figure 1. Recommended Circuit Schematic 

POWER SUPPLIES AND DECOUPLING 

The AD 1856 has four power supply input pins. ±V S provide 
the supply voltages to operate the linear portions of the DAC 
including the voltage reference, output amplifier and control 
amplifier. The ±V S supplies are designed to operate from ±5V 
to ±12V. 

The ±V L supplies operate the digital portions of the chip in- 
cluding the input shift register and the input latching circuitry. 
The ±V L supplies are also designed to operate from ±5V to 
±12V subject only to the limitation that -V L may not be more 
negative than — V s . 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca- 
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ±V L , should be 
decoupled to digital common; and the analog supplies, ±V S , 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portions of 
the system, thus contributing to good performance. However, 


+ 5V 



Figure 2. Alternate Recommended Schematic 

four separate voltage supplies are not necessary for good circuit 
performance. For example. Figure 2 illustrates a system where 
only a single positive and a single negative supply are available. 
Given that these two supplies are within the range of ±5V to 
±12V, they may be used to power the AD 1856. In this case, the 
positive logic and positive analog supplies may both be con- 
nected to the single positive supply. The negative logic and 
negative analog supplies may both be connected to the single 
negative supply. Performance would benefit from a measure of 
isolation between the supplies introduced by using simple low- 
pass filters in the individual power supply leads. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1% ripple be incor- 
porated into the design of any system using these devices. 

TOTAL HARMONIC DISTORTION 

The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro- 
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

Analog Devices tests and grades all AD 1856s on the basis of 
THD performance. A block diagram of the test setup is shown 
in Figure 3. In this test setup, a digital data stream, represent- 
ing a Odb, -20dB or -60dB sine wave is sent to the device un- 
der test. The frequency of this waveform is 990.5Hz. Input data 
is sent to the AD1856 at a 4xF s rate (176.4kHz). The AD1856 
under test produces an analog output signal with the on-board 
op amp. 
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Figure 3. Block Diagram of Distortion Test Circuit 


The automatic test equipment digitizes 4096 samples of the out- 
put test waveform, incorporating 23 complete cycles of sine 
wave. A 4096 point FFT is performed on the results of the test. 
Based on the first 9 harmonics of the fundamental 990.5Hz out- 
put wave, the total harmonic distortion of the device is calcu- 
lated. Neither a deglitcher nor an MSB trim is used during the 
THD test. 

The circuit design, layout and manufacturing techniques em- 
ployed in the production of the AD 18 56 result in excellent 
THD performance. Figure 4 shows the typical unadjusted THD 
performance of the AD 1856 for various amplitudes of a 1kHz 
output signal. As can be seen, the AD 1856 offers excellent per- 
formance, even at amplitudes as low as -60dB. Figure 5 illus- 
trates the typical THD vs. frequency performance. 



-60 -50 -40 -30 -20 -10 0 


Vout - dB 

NOTE 

0dB=FULL SCALE 


Figure 4. Typical Unadjusted THD vs. Amplitude 



Figure 5. Typical THD vs. Frequency 


OPTIONAL MSB ADJUSTMENT 

Use of an optional adjustment circuit allows residual differential 
linearity error around midscale to be eliminated. These errors 
are especially important when low amplitude signals are being 
reproduced. In those cases, as the signal amplitude decreases, 
the ratio of the midscale differential linearity error to the signal 
amplitude increases and THD increases. 

Therefore, for best performance at low output levels, the op- 
tional MSB adjust circuitry shown in Figure 6 may be used. 
This circuit allows the differential linearity error at midscale to 
be zeroed out. However, no adjustments are required to meet 
data sheet specifications. 


trim ( 15)- 

MSB ADJ (l4^- 


470kll_ 


lOOkH 


200kft 
— vw— 


-©- 


Figure 6. Optional THD Adjust Circuit 
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DIGITAL CIRCUIT CONSIDERATIONS 
Input Data 

Data is transmitted to the AD 1856 in a bit stream composed of 
16-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation: the Data, Clock and 
Latch Enable signals. Input data bits are clocked into the input 
register on the rising edge of the Clock signal. The LSB is 
clocked in on the 16th clock pulse. When all data bits are 
loaded, a low-going Latch Enable pulse updates the DAC input. 
Figure 7 illustrates the general signal requirements for data 
transfer for the AD1856. 


The input pins of the AD 1856 are both TTL and 5V CMOS 
compatible, independent of power supply voltages used. 

The input requirements illustrated in Figures 7 and 8 are com- 
patible with the data outputs provided by popular DSP filter 
chips used in digital audio playback systems. The AD 1856 input 
clock can run at a 10MHz rate. This clock rate will allow data 
transfer rates for 2x, 4x or 8x oversampling reconstruction. 
The application section of this data sheet contains additional 
guides for using the AD 1856 with various DSP filter chips avail- 
able from Sony, NPC and Yamaha. 



“imuuuuuinnnnmumnj 

DATA 

LATCH 

Figure 7. Signal Requirements of ADI 856 

Figure 8 provides the specific timing requirements that must be 
met in order for the data transfer to be accomplished properly. 




APPLICATIONS OF THE AD1856 PCM AUDIO DAC 

The AD 1856 is a versatile digital-to-analog converter designed 
for applications in consumer digital audio equipment. Portable, 
car and home compact disc player, digital audio-amplifier and 
DAT systems can all use the AD 1856. Various circuit architec- 
tures are popular in these systems. They include stereo playback 
sections featuring one DAC per system, one DAC per audio 
channel (left/right) or even multiple DACs per channel. Further- 
more, these architectures use different output reconstruction 


rates to accomplish these functions including reproduction at the 
sample rate F s (lx), at twice the sample rate(2xF s ), at four 
times the sample rate (4xF s ) and even at eight times the sample 
rate (8xF s ). F s is 44.1kHz for CD and 48kHz for DAT 
applications. 

One DAC per System 

Figure 9 shows a circuit using one AD 1856 per system to repro- 
duce both stereo channels of a typical first generation digital 



Figure 9. ADI 856 in a One DAC per System Architecture 


DIGITAL-TO-ANALOG CONVERTERS 2-167 









1 




Figure 10. Control Signals for One DAC Circuit 


audio system. The input data is fed to the AD 1856 in a format 
which alternates between left channel data and right channel 
data. The output of the AD 1856 is switched between the left 
channel and right channel output sample/hold amplifiers 
(SHAs). The SHAs demultiplex and deglitch the output of the 
AD 1856. The timing diagram for the control signals for this cir- 
cuit is shown in Figure 10. 

The architecture illustrated in Figure 9 is suitable for low-end 
home or portable systems. However, its usefulness in mid- or 
high-end digital audio reproduction is limited by the phase delay 
which is introduced in the multiplexed output. This phase delay 
is due to the fact that the information contained in the input bit 
stream represents left and right channel audio sampled simulta- 
neously but reconstructed alternately. One obvious solution to 
this problem may be arrived at by incorporating a third, nonin- 
verting SHA to delay the output of one channel to “catch up 
to” the other channel. This eliminates the phase shift by restor- 
ing simultaneous reproduction. This solution is illustrated in 
Figure 11. 


SAMPLE 

LEFT 


SAMPLE 

RIGHT 



LEFT 

OUTPUT 


RIGHT 

OUTPUT 


Figure 1 1. Third SHA Eliminates Phase Delay 



Figure 12. One DAC per Channel Architecture 
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One DAC per Channel 

Another approach used to eliminate phase delay between left 
and right channels employs one DAC per channel. In this archi- 
tecture, the input data bit streams for the left channel and the 
right channel are simultaneously sent and latched into each 
DAC. This “second generation” approach, shown in Figure 12, 
is suitable for higher performance digital-audio playback units. 


Two DACs per Channel (Four DAC System) 

Another architecture uses two DACs per channel. In this 
scheme, shown in Figure 13, each DAC reproduces one half of 
the output waveform. The advantage obtained is that midscale 
differential linearity error no longer effects the zero-crossing 
points of the waveforms. Its effects are shifted to the points 
where the output waveform crosses ±3/4 full scale. The result is 
that THD performance for low amplitude signals is greatly 
improved. Not shown in Figure 13 is a VLSI circuit required to 
separate the incoming data into the appropriate form required 
by each DAC. 



RIGHT 

OUTPUT 



Figure 13. Two DACs per Channel Eliminate Midscale Distortion from the Zero-Crossing Points 


DIGITAL FILTERING AND OVERSAMPLING 

Oversampling is a term which refers to playback techniques in 
which the reconstruction frequency used is an integral (2 or 
more) multiple of the original quantized data rate. For example, 
in compact disc stereo digital audio playback units, the original 
quantized data sample rate is 44. 1kHz. Popular oversampling 
rates are 2x or 4x F s yielding reconstruction rates of 88.2 and 
176.4kHz, respectively. 

Oversampling is used to ease the performance constraints of the 
low-pass filters which usually follow the reconstruction DAC. In 
any signal reconstructed from sampled data, unwanted 
frequency components are introduced in the output spectrum; 
these components are centered at the reconstruction frequency. 
When a 44.1kHz reconstruction frequency is used, the actual 
frequency band of interest is 20Hz to 20kHz, and the band of 
unwanted “image” frequency components extends from 
44.1kHz to approximately 24kHz and from 44.1kHz to 64kHz. 


These unwanted components must be removed with a low-pass 
filter of very high order. First generation digital audio systems 
often use low-pass filters of 9, 11 and even 13 poles. Linear 
implementations of these filters are expensive, difficult to manu- 
facture and can produce distortion due to varying group delay 
characteristics. 

When a 2x reconstruction frequency (88.2kHz) is used, the 
lowest unwanted frequency components now extend down to 
approximately 68kHz. A 4x rate (176.4kHz) has unwanted 
components extending down to approximately 156kHz. The fil- 
ter response needed to remove these frequency components can 
now be less steep. This means that a lower order filter may be 
used resulting in less distortion at lower cost. Linear filters with 
3 or 5 poles are adequate to do the job and are quite common in 
digital audio products employing oversampling techniques. 
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Oversampling techniques require that the serial input data 
stream run at the same integral multiple of the original data 
rate. So, while the constraints on the output low-pass filter are 
eased, the constraints on the serial digital input port and the 
settling time of the output stage are not. 

The actual oversampling operation takes place in the digital fil- 
ter chip which is located “upstream” from the DAC. The digital 
filter accepts data from the media and adds the additional recon- 
struction points according to the algorithm and coefficients 
stored in the filter chip. Since the digital filters actually interpo- 
late these additional reconstruction points, they have earned the 
name “interpolation filters.” 

The AD 1856 is compatible with popular digital filter chips used 
in digital audio products such as the NPC SM5807, NPC 
SM5805, Yamaha YM3414, and Sony CXD1136. 


DUAL DAC, 4x F s OVERSAMPLING ARCHITECTURE 

Figure 14 illustrates the use of an NPC digital filter chip with 
two AD 1856 audio DACs. This scheme achieves four times 
oversampling reconstruction with a dedicated DAC per channel. 
In this example of a typical compact disc player application, the 
digital filter chip accepts serial input words from the digital 
decoder/processor at a 44.1kHz sample rate. Through the use of 
oversampling, the SM5807 transmits data to the two DACs at a 
176.4kHz rate. The serial DAC input data is sent out of the 
DOUT pin to the serial inputs of the DACs. Left channel and 
right channel data are sent alternat ely dow n the same wire. The 
Left/Right Channel Output signal, LRCO and two logic gates 
demultiplex the data clock signals from BCKO. In this example, 
the BC KO ra te is 192xF s . However, a 196xF s clock can be 
used if SCSL is wired to a logic zero. Finally, left and right 
channel deglitching signals are provided. At the user’s option, 
these signals may be used to control external sample-hold ampli- 
fiers in order to obtain optimal performance. 



Figure 14. NPC SM5807 and ADI 856 Interface 


ACHIEVING 8x F s OVERSAMPLING WITH AD1856S 
AND YAMAHA YM3414 

Figure 15 illustrates the combination of a Yamaha YM3414 digi- 
tal filter chip and two AD1856 audio DACs. In this scheme, the 
use of a 16. 9344MHz clock allows an 8 times oversampling rate 
for extremely high performance. In addition, a lower-order low- 


pass filter may be used without sacrificing performance. The 
DAC input data is simultaneously transmitted to the input regis- 
ters of the DACs through dedicated left and right channel out- 
put pins on the YM3414. As before, optional sample/hold 
signals are provided. 


16.9344MHz 



LEFT 

OUTPUT 


RIGHT 

OUTPUT 


Figure 15. Yamaha YM341 4 and ADI 856 Interface 
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□ ANALOG 
DEVICES 


ADI 860 


18-Bit 
PCM Audio DAC 


FEATURES 

0.002% THD + Noise 

Fast Settling Permits 8x Oversampling 

±3V Output 

Optional Trim Allows Superlinear Performance 
±5V to ±12V Operation 
16-Pin Plastic DIP and SOIC Packages 
Industry Standard Pinout 
2s Complement, Serial Input 

APPLICATIONS 

High End Compact Disc Players 
Digital Audio Amplifiers 
DAT Recorders and Players 
Synthesizers and Keyboards 


PRODUCT DESCRIPTION 

The AD 1860 is a monolithic 18-bit PCM Audio DAC. Each 
device provides a voltage output amplifier, 18-bit DAC, 18-bit 
serial to parallel input register and voltage reference. The digital 
portion of the AD 1860 is fabricated with CMOS logic elements 
that are provided by Analog Devices’ BiMOS II process. The 
analog portion of the AD 1860 is fabricated with bipolar and 
MOS devices as well as thin film resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play- 
back. Laser trimming of the linearity error affords extremely 
low total harmonic distortion. An optional linearity trim pin is 
provided to allow residual differential linearity error at midscale 
to be eliminated. This feature is particularly valuable for low 
distortion reproductions of low amplitude signals. Output glitch 
is also small contributing to the overall high level of perfor- 
mance. The output amplifier achieves fast settling and high slew 
rates, providing a full ±3V signal at load currents up to 8mA. 
When used in current output mode, the AD 1860 provides a 
± 1mA output signal. The output amplifier is short circuit pro- 
tected and can withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. The latch 
enable signal transfers the input word from the internal serial 
input register to the parallel DAC input register. The input 
clock can support a 12. 5 MHz data rate. This serial input port is 
compatible with second generation digital filter chips used in 
consumer audio products. These filters operate at oversampling 
rates of 2x, 4x and 8x sampling frequencies. 


ADI860 FUNCTIONAL BLOCK DIAGRAM 



V s 

TRIM 
MSB ADJ 


loUT 


AGND 
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The AD1860 can operate with ±5V to ±12V power supplies 
making it suitable for both the portable and home use markets. 
The digital supplies, V L and -V L , can be separated from the 
analog supplies, V s and -V s , for reduced digital crosstalk. 
Separate analog and digital ground pins are also provided. 

Power dissipation is llOmW typical with ±5V supplies and is 
225mW typical when +5V/-12V supplies are used. 

The AD 1860 is available in either a 16-pin plastic DIP or a 16- 
pin plastic SOIC surface mount package. Operation is guaran- 
teed over the temperature range of -25°C to +70°C and over 
the voltage supply range of ±4.75 to ± 13.2V. 

PRODUCT HIGHLIGHTS 

1. 18-bit resolution provides 108dB dynamic range. 

2. No external components are required. 

3. Operates with ±5V to ±12V supplies. 

4. 16-pin DIP or space saving SOIC package. 

5. llOmW power dissipation. 

6. 1.5ps settling time permits 2x, 4x and 8x oversampling. 

7. ±3V or ±lmA output capability. 

8. THD + Noise is 100% tested. 
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SPECIFICATIONS 


(T a at +25°C and ±5V supplies unless otherwise noted) 



Min Typ Max 

Units 

RESOLUTION 

18 

Bits 

DIGITAL INPUTS V IH 

2.0 +V L 

V 

V IL 

0.8 

V 

^ihj V ih = V l 

1.0 

|xA 

Iil, V il = 0.4 

-10 

|xA 

Clock Input Frequency 

12.5 

MHz 

ACCURACY 



Gain Error 

±2.0 

% 

Midscale Output Voltage 

±30 

mV 

Differential Linearity Error 

±0.001 

% of FSR 

TOTAL HARMONIC DISTORTION + NOISE 



OdB, 990.5Hz AD1860N-K, R-K 

. 

% 

AD1860N-J, R-J 

■ 

% 

AD1860N, R 

■ 

% 

-20dB, 990.5Hz AD1860N-K, R-K 

H 

% 

AD1860N-J, R-J 


% 

AD1860N, R 


% 

— 60dB, 990.5Hz AD1860N-K, R-K 

0.9 2.0 

% 

AD1860N-J, R-J 

0.9 2.0 

% 

AD1860N, R 

0.9 4.0 

% 

SIGNAL TO NOISE RATIO (A-Weight Filter) j 

102 108 

dB 

DRIFT (0 to +70°C) 



Total Drift 

±25 

ppm of FSR/°C 

Bipolar Zero Drift 

±4 

ppm of FSR/°C 

SETTLING TIME (to ±0.0015% of FSR) 



Voltage Output, 6V Step 

1.5 

|XS 

1LSB Step 

1.0 

fXS 

Slew Rate 

9 

V/|xs 

Current Output 1mA Step 10H to 10011 Load 

350 

ns 

lkH Load 

350 

ns 

MONOTONICITY 

15 

Bits 

OUTPUT 



Voltage Output Configuration 



Bipolar Range 

±2.88 ±3.0 ±3.12 

V 

Output Current 

±8 

mA 

Output Impedance 

0.1 

a 

Short Circuit Duration 

Indefinite to Common 


Current Output Configuration 



Bipolar Range (±30%) 

±1.0 

mA 

Output Impedance (±30%) 

1.7 

kO 

POWER SUPPLY 



Voltage V L and V s 

4.75 13.2 

V 

Voltage -V L and -V s 

-13.2 -4.75 

V 

Current +1, V L and V s = 5V, 10MHz Clock 

10.0 13.0 

mA 

-I, -V L and -V s = -5V, 10MHz Clock 

12.0 -15.0 

mA 

Current +1, V L and V s = 12V, 10MHz Clock 

10.5 

mA 

-I, -V L and -V s = -12V, 10MHz Clock 

13.5 

mA 

Current +1, V L and +V S = +5V, 10MHz Clock 

10 

mA 

-I, -V L and -V s = -12V, 10MHz Clock 

14 

mA 

POWER DISSIPATION 



V s and V L = ±5V, 10MHz Clock 

110 

mW 

V s and V L = ± 12V, 10MHz Clock 

300 

mW 

V s and V L = +5V, -V s and -V L = -12V, 10MHz Clock 

225 

mW 
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ADI 860 



Min 

Typ 

Max 

Units 

TEMPERATURE RANGE 

Specification 

0 

+25 

+ 70 

°C 

Operation 

-25 


+ 70 

°C 

Storage 

-60 


+ 100 

°C 

WARMUP TIME 

1 



min 


Specifications subject to change without notice. 


TYPICAL PERFORMANCE 


ABSOLUTE MAXIMUM RATINGS* 

V L to DGND 0 to 13.2V 

V s to AGND 0 to 13.2V 

-V L to DGND -13.2 to OV 

-V s to AGND -13.2 to OV 

Digital Inputs to DGND -0.3 to V L 

AGND to DGND ± 0.3V 

Short Circuit Indefinite Short to Ground 

Soldering + 300°C, lOsec 

Storage Temperature -60°C to + 100°C 

Note 

♦Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
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CAUTION: 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



PIN ASSIGNMENTS 

1 


Analog Negative Power Supply 

2 


Logic Ground 

3 


Logic Positive Power Supply 

4 


No Connection 

5 


Data Clock Input 

6 


Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

-V L 

Logic Negative Power Supply 

9 

VoUT 

Voltage Output 

10 

Rf 

Feedback Resistor 

11 

SJ 

Summing Junction 

12 

AGND 

Analog Ground 

13 

loUT 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trimming Potentiometer Terminal 

16 

V s 

Analog Positive Power Supply 


ORDERING GUIDE 
Model and Package Option* 


DIP Package (N-16) 

Surface Mount (R-16) 

THD @ FS 

AD1860N 

AD1860R 

0.008% 

AD1860N-J 

AD1860R-J 

0.004% 

AD1860N-K 

AD1860R-K 

0.0025% 


*See Section 14 for package outline information. 
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Definition of Specifications - ADI 860 


TOTAL HARMONIC DISTORTION + NOISE 

Total Harmonic Distortion plus Noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the val- 
ues of the harmonics and noise to the value of the fundamental 
input frequency. It is usually expressed in percent (%). 

THD+N is a measure of the magnitude and distribution of lin- 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend- 
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+N should be specified for both large and small 
signal amplitudes. 

SETTLING TIME 

Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, mea- 
sured from the digital input transition. It is a primary measure 
of dynamic performance. 

DYNAMIC RANGE 

Dynamic Range is the specification that indicates the ratio of the 
smallest signal the converter can resolve to the largest signal it is 
able to produce. As a ratio, it is usually expressed in decibels 
(dBs). The theoretical dynamic range of an n-bit converter is 
(6xn) dB. In the case of the 18-bit AD1860, that is 108dB. 

The actual dynamic range of a converter is less than the theoret- 
ical value due to limitations imposed by noise and other errors. 

MIDSCALE ERROR 

Midscale Error, or bipolar zero error, is the deviation of the 
actual analog output from the ideal output (OV) when the 2s 
complement input code representing half scale is loaded in the 
input register. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed 1LSB in the negative 
direction. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 

SIGNAL-TO-NOISE RATIO 

The Signal-to-Noise Ratio is defined as the ratio of the ampli- 
tude of the output with no signal present to the amplitude of the 
output when a full-scale output is present. This is measured 
with a standard A- Weight filter. 


Rf 



ADI 860 Block Diagram 


FUNCTIONAL DESCRIPTION 

The AD 1860 is a complete monolithic 18-bit PCM Audio DAC. 
No additional external components are required for operation. 

As shown in the block diagram, each chip contains a voltage 
reference, an output amplifier, an 18-bit DAC, an 18-bit input 
latch and an 18-bit serial to parallel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This combination of elements produces a reference 
voltage that is unaffected by changes in temperature and age. 
The DAC output voltage, which is derived from the reference 
voltage, is also unaffected by these environmental changes. 

The output amplifier uses both MOS and bipolar devices to pro- 
duce low offset, high slew rate and optimum settling time. 

When combined with the on chip feedback resistor, the output 
op amp converts the output current of the AD 1860 to a voltage 
output. 

The 18-bit D/A converter uses a combination of segmented 
decoder and R-2R architecture to achieve consistent linearity 
and differential linearity. The resistors which form the ladder 
structure are fabricated with silicon chromium thin film. Laser 
trimming of these resistors further reduces linearity error result- 
ing in low output distortion. 

The input register and serial to parallel converter are fabricated 
with CMOS logic gates. These gates allow the achievement of 
fast switching speeds and low power consumption. This contrib- 
utes to the overall low power dissipation of the AD 1860. 
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Analog Circuit Considerations 

GROUNDING RECOMMENDATIONS 

The AD 1860 has two pins, designated Analog and Digital 
ground. The analog ground pin is the “high quality” ground 
reference point for the device. The analog ground pin should be 
connected to the analog common point in the system. The out- 
put load should also be connected to that same point. 

The digital ground pin returns ground current from the digital 
logic portions of the AD 1860 circuitry. This pin should be con- 
nected to the digital common point in the system. 

As illustrated in Figure 1, the analog and digital grounds should 
be connected together at one point in the system. 


+ 5V + 5V 



Figure 1. Recommended Circuit Schematic 

POWER SUPPLIES AND DECOUPLING 

The AD 1860 has four power supply input pins. ±V S provide 
the supply voltages to operate the linear portions of the DAC 
including the voltage reference, output amplifier and control 
amplifier. The ±V S supplies are designed to operate from ±5V 
to ± 12V. 

The ±V L supplies operate the digital portions of the chip in- 
cluding the input shift register and the input latching circuitry. 
The ±V X supplies are also designed to be operated from ±5V to 
± 12 V subject only to the limitation that — V L may not be more 
negative than -V s . 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca- 
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ±V L , should be 
decoupled to digital common; and the analog supplies, ±V S , 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portion of 
the system, thus contributing to good performance. However, 


four separate voltage supplies are not necessary for good circuit 
performance. For example, Figure 2 illustrates a system where 
only a single positive and a single negative supply are available. 


+ 5V 



Figure 2. Typical Power Supply Sensitivity 


Given that these two supplies are within the range of ±5V to 
±12V, they may be used to power the AD1860. In this case, 
the positive logic and positive analog supplies may both be con- 
nected to the single positive supply. The negative logic and 
negative analog supplies may both be connected to the single 
negative supply. Performance would benefit from a measure of 
isolation between the supplies introduced by using simple low 
pass filters in the individual power supply leads. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1% ripple be incor- 
porated into the design of any system using these devices. 

TOTAL HARMONIC DISTORTION + NOISE 

The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro- 
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

By combining noise measurement with THD measurement, a 
THD+N specification is produced. This specification measures 
all undesirable signal produced by the DAC, including harmonic 
products of the test tone as well as noise. 

Analog Devices tests and grades all AD 1860s on the basis of 
THD+N performance. A block diagram of the test setup is 
shown in Figure 3. In this test setup, a digital data stream 
representing a OdB, -20dB or -60dB sinewave is sent to the 
device under test. The frequency of this waveform in 990.5 Hz. 
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Analog Circuit Details - ADI 860 



L- 4096 

SAMPLES n 


Figure 3. Block Diagram of DistortionTest Circuit 

The circuit design, layout and manufacturing techniques em- 
ployed in the production of the AD 1860 result in excellent 
THD performance. Figure 4 shows the typical unadjusted THD 
performance of the AD 1860 for various amplitudes and frequen- 
cies of output signals. As can be seen, the AD 1860 offers excel- 
lent performance, even at low amplitudes. 

OPTIONAL MSB ADJUSTMENT 

Use of an optional adjust circuitry allows residual differential 
linearity error around midscale to be eliminated. This error is 
especially important when low amplitude signals are being re- 
produced. In those cases, as the signal amplitude decreases, the 
ratio of the midscale differential linearity error to the signal am- 
plitude increases, thereby increasing THD. 

Therefore, for best performance at low output levels, the op- 
tional MSB adjust circuitry shown in Figure 5 may be used to 
improve performance. 


TRIM 

MSB ADJ 


Figure 5. Optional THD Adjust Circuit 

Figure 4. Typical THD vs Frequency 



Input data is sent to the AD1860 at a 4xF s rate (176.4kHz). 
The AD 1860 under test produces an output signal with its 
onboard op amp. The automatic test equipment digitizes 4096 
samples of the output test waveform, incorporating 23 complete 
cycles of the sinewave. A 4096 point FFT is performed on the 
results of the test. Based on the harmonics of the fundamental 
990.5Hz test tone and the noise components, the total harmonic 
distortion + noise of the device is calculated. Neither a de- 
glitcher nor an MSB trim is used during this test. 
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Figure 6. Signal Requirements for AD1860 


DIGITAL CIRCUIT CONSIDERATIONS 
Input Data 

Data is transmitted to the AD 1860 in a bit stream composed of 
18-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 

Clock and Latch Enable signals. Input data bits are clocked into 
the input register on the rising edge of the Clock signal. The 
LSB is clocked in on the 18th clock pulse. When all data bits 
are loaded, a low-going Latch Enable pulse updates the DAC 
input. Figure 6 illustrates the general signal requirements for 
data transfer for the AD 1860. 


Timing 

Figure 7 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD 1860 are both TTL and 5V 
CMOS compatible, independent of the power supplies used. 

The input requirements illustrated in Figures 6 and 7 are com- 
patible with the data outputs provided by popular DSP filter 
chips used in digital audio playback systems. The AD 1860 input 
clock can run at a 12.5MHz rate. This clock rate will allow data 
transfer rates for 2x, 4x or 8x oversampling reconstruction. 
The application section of this datasheet contains additional 
guides for using the AD 1860 with various DSP filter chips avail- 
able from Sony, NPC and Yamaha. 



Figure 7. Timing Relationships of Input Signals 
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ADI 860 


APPLICATIONS OF THE AD1860 PCM AUDIO DAC 

The AD 1860 is a versatile digital-to-analog converter designed 
for applications in consumer digital audio equipment. Portable, 
car and home compact disc player, digital audio amplifier and 
DAT schemes can all use the AD 1860. Various circuit architec- 
tures are popular in these systems. They include stereo playback 
sections featuring one DAC per system, one DAC per audio 


channel (left/right) or multiple DACs per channel. Furthermore, 
these architectures use different output reconstruction rates to 
accomplish these functions including reproduction at the sample 
rate F s (lx), at twice the sample rate (2xF s ), at four times 
the sample rate (4xF s ) and even at eight times the sample rate 
(8xF s ). F s is 44.1kHz for CD and 48kHz for DAT applications. 


SAMPLE 

LEFT 


SAMPLE 

RIGHT 



LEFT 

OUTPUT 


RIGHT 

OUTPUT 


Figure 8. ADI 860 in a One DAC per System Architecture 


One DAC per System 

Figure 8 shows a circuit using one AD 1860 per system to repro- 
duce both channels of a typical first generation stereo digital 
audio system. The input data is fed to the AD 1860 in a format 
which alternates between left channel data and right channel 
data. The output of the AD 1860 is switched between the left 
channel and right channel output sample/hold amplifiers 
(SHAs). The SHAs demultiplex and deglitch the output of the 
AD 1860. The timing diagram for the control signals for this cir- 
cuit are shown in Figure 9. 

However, when only two SHAs are used, the actual system per- 
formance is limited by the phase delay introduced by the demul- 
tiplexed format. This undesirable phase delay is caused by the 
fact that the data words presented to the inputs of the DAC rep- 
resent samples taken at precisely the same point in time. But 




LATCH 


DAC 

OUT 


SAMPLE 

RIGHT 


SAMPLE 

LEFT 



Figure 9. Control Signals for One DAC Circuit 


when reconstructed and demultiplexed by a single DAC, these 
same outputs occur at slightly different times. 

By incorporating a noninverting SHA into the circuit, the phase 
delay can be eliminated. In Figure 8, the optional SHA ensures 
that the left channel output appears at the same time as the 
right channel output. This minor change to the circuit elimi- 
nates the artificially induced phase delay by restoring simulta- 
neous outputs. 

Following the outputs of the SHAs are low pass filters. These 
filters are required in any sampled data system to remove 
unwanted aliased components introduced by the sample and 
reconstruction operations. 

One DAC per Channel 

A second approach used to eliminate phase delay between left 
and right channels employs one DAC per channel. In this archi- 
tecture, the input data bitstream for each channel is transmitted 
and then latched into the input register of each DAC. This 
“second generation” approach is illustrated in Figure 10. A 
standard implementation of a low pass filter is shown at the out- 
put of each DAC. An optional sample/hold amplifier could be 
connected between the DACs and the LPFs to deglitch the out- 
puts. This is not required, however, to achieve the specified 
performance. 

Two DACs per Channel 

Another architecture uses two DACs per channel. In this 
scheme each DAC reproduces one half of the output waveform. 
The advantage obtained with this structure is that midscale dif- 
ferential linearity error no longer affects the zero crossing points 
of the waveforms. Its effects are shifted to the points where the 
output waveform crosses ±3/4 full scale. The result is that THD 
performance for low amplitude signals is greatly improved. 
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Figure 10. One DAC per Channel Architecture with LPF 


DIGITAL FILTERING AND OVERSAMPLING 

Oversampling is a term which refers to playback techniques in 
which the reconstruction frequency used is an integral (2 or 
more) multiple of the original quantized data rate. For example, 
in compact disc stereo digital audio playback units, the original 
quantized data sample rate is 44.1kHz. Popular oversampling 
rates are 2x or 4xF s , yielding reconstruction rates of 88.2 and 
176.4kHz, respectively. 

Oversampling is used to ease the performance constraints of the 
low pass filters which follow the reconstruction DAC. In any 
signal reconstructed from sampled data, unwanted frequency 
components are introduced in the output spectrum; these com- 
ponents are centered at the reconstruction frequency. When a 
44.1kHz reconstruction frequency is used, the actual frequency 
band of interest is 20Hz to 20kHz, and the band of unwanted 
“image” frequency components extends from 44.1kHz to 
approximately 24kHz. These unwanted components must be 
removed with a low-pass filter of very high order. First genera- 
tion digital audio systems often used low-pass filters of 9, 11 and 
even 13 poles. Linear implementations of these filters are expen- 
sive, difficult to manufacture and can produce distortion due to 
varying group delay characteristics. 

When a 2 x reconstruction frequency (88.2kHz) is used, the low- 
est frequency components now extend down to approximately 


68kHz. A 4 x rate (176.4kHz) has unwanted components extend- 
ing down to approximately 156kHz. The filter response needed 
to remove these frequency components can now be less steep. 
This means that a lower order filter may be used resulting in 
less distortion at lower cost. Linear filters with 3 or 5 poles, as 
shown in Figure 10, are adequate to do the job and are quite 
common in digital audio products employing oversampling 
techniques. 

Oversampling techniques require the serial input data stream to 
run at the same integral multiple of the original data rate. So, 
while the constraints on the output low-pass filter are eased, the 
constraints on the serial digital input port and the settling time 
of the output stage are not. 

The actual oversampling operation takes place in the digital fil- 
ter chip (DSP) which is located “upstream” from the DAC. The 
digital filter accepts data from the media and adds the additional 
reconstruction points according to the algorithm and coefficients 
stored in the filter chip. Since the digital filters actually interpo- 
late these additional reconstruction points, they have earned the 
name “interpolation filters”. 

The AD 1860 is compatible with popular digital filter chips 
used in digital audio products such as the Sony CXD1088, the 
Yamaha YM3434 and the NPC SM5813. 
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ADI 860 


Figure 11 illustrates the combination of a second generation DAC. The digital filter chip provides 18-bit data words to the 

digital filter chip, the Sony CXD1088, and the AD 1860 audio DACs at 4xF s . Very high performance can be achieved. 



OPTIONAL OUTPUT 

SHA SECTION SECTION 



Figure 11. 4xF s with the CXD1088Q 
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Figure 12 illustrates the combination of a Yamaha YM3434 digi- 
tal filter chip and two AD 1860 audio DACs. This combination 
of components results in 8 x F s oversampling reconstruction 
rates. This rate allows the use of lower order output low pass 
filters than would be required with lower oversampling rates, 
without sacrificing performance. In this high performance CD 
player application, the DAC input data is simultaneously trans- 
mitted to the input registers of the DACs through dedicated left 


and right channel output pins on the YM3434..This implemen- 
tation does not require any external components to achieve the 
full 108dB dynamic range afforded by the 18-bit AD 1860 audio 
DAC. As before, optional sample/hold signals are provided. 

Figure 13 shows the schematic for 8xF s when two AD 1860s are 
used with an NPC SM5813AP/APT digital filter chip. As can be 
seen, this application is very similar to the one shown in Figure 
12. See Figure 10 for an example of a typical LPF. 
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Figure 12. YM3434 and ADI 860 Achieve 8xF s 
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Figure 13. SM5813AP/APT and ADI 860 Achieve 8xF s 
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ANALOG 

DEVICES 


LOGDAC 

CMOS Logarithmic D/A Converter 


AD7111* 


FEATURES 

Dynamic Range: 88.5dB 

Resolution: 0.375dB 

On-Chip Data Latches 

Full ±25V Input Range Multiplying DAC 

Low Distortion 

Single +5V Supply 

Latch-Up Free (No Protection Schottky Required) 
APPLICATIONS 

Digitally Controlled AGC Systems 
Audio Attenuators 

Wide Dynamic Range A/D Converters 
Sonar Systems 
Function Generators 


AD7111 FUNCTIONAL BLOCK DIAGRAM 



D7 D6 D5 D4 D3 D2 D1 DO 
(MSB) DATA INPUTS (LSB) 


GENERAL DESCRIPTION 

The LOGDAC™ AD7111 is a CMOS multiplying D/A con- 
verter which can attenuate an analog input signal over the 
range 0 to -88.5dB in 0.375dB steps. 

The degree of attenuation is determined by an 8-bit data word 
which is latched into on-chip data latches using microproces- 
sor compatible control signals CS and WR. Operating frequen- 
cy range of the device is from dc to several hundred kHz. 

The device is available in a standard 16-pin DIP and in a 
20-terminal surface mount package. 


•U.S. Patent No. 4521764 

LOGDAC is a trademark of Analog Devices, Inc. 


ORDERING INFORMATION 1 - 2 


Specified 

Accuracy 

Range 

Temperature Range and Package Options 3 

0 to 4- 70°C 

— 25°C to + 85°C 

-55°Cto+125°C 

0 to 60dB 
0to72dB 

Plastic DIP (N-16) 

AD7111KN 

AD7111LN 

Hermetic (Q-16) 

AD7111BQ 

AD7111CQ 

Hermetic (Q-16) 

AD7111TQ 

AD7111UQ 

0 to 60dB 

0 to 72dB 



LCCC 4 (E-20A) 

AD7111TE 

AD7111UE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 Analog Devices reserves to right to ship ceramic (package option D-16) 
packages in lieu of cerdip (package option Q-16) packages. 

3 See Section 14 for package outline information. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS VpiN 2 = Vpwi = OV output amplifier A0544 except where stated) 


Parameter 

AD7111L/C/U GRADES 

Ta = +25 C Ta = T m i n , T max 

AD7111K/B/T GRADES 

Ta = +25 C Ta - Tmjn, T max 

Units 

Conditions/Comments 

NOMINAL RESOLUTION 

0.375 

0.375 

0.375 

0.375- 

dB 


ACCURACY RELATIVE TO OdB ATTENUATION 
0.375dB Steps: 







Accuracy < ±0.17dB 

Oto 36 

Oto 36 

Oto 30 

Oto 30 

dB min 

Guaranteed attenuation ranges 

Monotonic 

0 to 54 

Oto 54 

Oto 48 

Oto 48 

dB min 

for specified step sizes 

0.75dB Steps: 







Accuracy < ±0.35dB 

Oto 48 

Oto 42 

Oto 42 

Oto 36 

dB min 


Monotonic 

Oto 72 

0 to 66 

Oto 72 

0 to 60 

dB min 


1.5dB Steps: 







Accuracy < ±0.7dB 

0 to 54 

Oto 48 

Oto 48 

Oto 42 

dB min 


Monotonic 

Full Range 

Oto 78 

Oto 85.5 

Oto 72 

dB min 

Full Range is from 0 to 88.5dB 

3. OdB Steps: 







Accuracy < ±1.4dB 

Monotonic 

0 to 66 

Full Range 

Oto 54 

Full Range 

0 to 60 

Full Range 

Oto 48 

Full Range 

dB min 


6.0dB Steps: 







Accuracy < ±2.7dB 

Monotonic 

Oto 72 

Full Range 

0 to 60 

Full Range 

0 to 60 

Full Range 

Oto 48 

Full Range 

dB min 


GAIN ERROR 

±0.1 

±0.15 

±0.15 

±0.20 

USJgJI H| 


INPUT RESISTANCE 







(PIN 15) 

9/11/15 

9/11/15 

7/11/18 

7/11/18 

ki2 min/typ/max 


R fb INPUT RESISTANCE 







(PIN 16) 

9.3/11.5/15.7 

19.3/11.5/15.7 

7.3/11.5/18.8 

7.3/11.5/18.8 

kJ2 min/typ/max 


DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

mm 




Vil (Input Low Voltage) 

0.8 

0.8 





Input Leakage Current 

±1 

±10 




Digital Inputs = Vdd 

SWITCHING CHARACTERISTICS 1 







tcs 

0 

0 

0 

0 

ns min 

Chip Select to Write Setup Time 

tCH 

0 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

%R 

350 

500 


500 

ns min 

Write Pulse Width 

tDS 

175 

250 

175 

250 

ns min 

Data Valid to Write Setup Time 

tDH 

10 

10 

10 

10 

ns min 

Data Valid to Write Hold Time 

tRFSH 

3 

4.5 

3 

4.5 

(is min 

Refresh Time 

POWER SUPPLY 







v dd 

+5 

+5 

+5 

+5 

V 


*DD 

1 

4 

1 

4 

mA max 

Digital Inputs = Vih or Vn 


500 

1000 

500 

1000 

fxA max 

Digital Inputs = 0V or V DD . See Figure 7. 


NOTE 

1 Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 


AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for design guidance only and are not subject to test. 

V DD = +5V, Vjn = -10V dc except where stated, Vpj N j = VpiN2 = OV, output amplifier AD544 except where stated. 


Parameter 

AD7111L/C/U GRADES 

Ta = 25 C Ta = T m j n , T max 

AD7111K/B/T GRADES 

Ta = +25 C Ta = T m i n , T max 

Units 

Conditions/Comments 

DC Supply Rejection, AGain/AVoD 

0.001 

0.005 

0.001 

0.005 

dB per % max 

AV dd = ±10%, Input Code = 00000000 

Propagation Delay 

3.0 

4.5 

3.0 

4.5 

MS max 

Full Scale Change Measured from 

WR going high, CST = 0V. 

Digital to Analog Glitch Impulse 

100 


100 


nV secs typ 

Measured with ADLH0032CG as Output 
Amplifier for Input Code Transition 
10000000 to 00000000. 

Cl of Figure 1 is OpF 

Output Capacitance, Pin 1 

185 

185 

185 

185 

pF max 


Input Capacitance, Pin 15 and Pin 16 

7 

7 

7 

7 

pF max 


Feedthrough at 1kHz 

-94 

-72 

-92 

-68 

dB max 

Feedthrough is also determined by circuit 

Total Harmonic Distortion 

-91 

-91 

-91 

-91 

dB typ 

layout (see Figure 4). 

Output Noise Voltage Density 

70 

70 

70 

70 

nV/\/Hz max 

Vm = 6V rms at 1kHz 

Digital Input Capacitance 

7 

7 

7 

7 

pF max 

Includes AD544 Amplifier Noise 


Specifications subject to change without notice. 
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AD7111 


ABSOLUTE MAXIMUM RATINGS* 

(T a = +25°C unless otherwise noted) 

V DD (to DGND) + 7V 

Vin (to AGND) + 35V 

Digital Input Voltage to DGND . . . -0.3V to V DD + 0.3V 

Output Voltage (Pin 1) to AGND -0.3V to V DD 

Vref to AGND ±35V 

AGND to DGND 0 to V DD 

DGND to AGND 0 to V DD 

Power Dissipation (Any Package) 

To +75°C 450mW 

Derates above + 75°C by 6mW/°C 


Operating Temperature Range 

Commercial (K, L Versions) 0 to + 70°C 

Industrial (B, C Versions) - 25°C to + 85°C 

Extended (T, U Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) 4- 300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog out- 
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the Iout terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: A measure of the har- 
monics introduced by the circuit when a pure sinusoid is ap- 
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table 1 and the actual trans- 
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from Iqut to ground. 


DIGITAL TO ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as 
the area of the glitch in either pA-Secs or nV-Secs depending 
upon whether the glitch is measured as a current or voltage 
signal. Glitch impulse is measured with Vin = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

WRITE CYCLE TIMING DIAGRAM 



PIN CONFIGURATIONS 
DIP LCCC 
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CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7111 consists of a 17-bit R-2R CMOS multiplying 
D/A converter with extensive digital logic. The logic trans- 
lates the 8-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Input data on the D7-D0 bus is 
loaded into the input data latches using CS and WR control 
signals. The rising edge of WR latches the input data and in- 
itiates the internal data transfer to the decoder. A minimum 
time tRFSH» the refresh time, is required for the data to pro- 
pagate through the decoder before a new data write is 
attempted. 

The transfer function for the circuit of Figure 1 is given by: 


V 0 = -V IN 10 exp - 


0.375 N 
20 


or 1^1 dB = -°- 375 N 
Where 0.375 is the step size (resolution) in dB and N is the 
input code in decimal for values 0 to 239. For 240<N<255 
the output is zero. Table I gives the output attenuation 
relative to OdB for all possible input codes. 

The graphs on the last page give a pictorial representation of 
the specified accuracy and monotonic ranges for all grades of 
the AD7111. High attenuation levels are specified with less 
accuracy than low attenuation levels. The range of monotonic 
behavior depends upon the attenuation step size used. For 
example, the AD7111L is guaranteed monotonic in 0.375dB 
steps from 0 to -54dB inclusive and in 0.75dB steps from 0 
to -72dB inclusive. To achieve monotonic operation over the 
entire 8S.5dB range it is necessary to select input codes so 



that the attenuation step size at any point is consistent with 
the step size guaranteed for monotonic operation at that 
point. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the D/A converter 
section of the AD7111 and Figure 3 gives an approximate 
equivalent circuit. 

The current source Ileakage is composed of surface and 
junction leakages and as with most semiconductor devices, 
approximately doubles every 10 C— see Figure 11. The resistor 
Rq as shown in Figure 3 is the equivalent output resistance of 
the device which varies with input code (excluding all 0’s 
code) from 0.8R to 2R. R is typically llk£2. Cqut is the 
capacitance due to the N channel switches and varies from 
about 60pF to 185pF depending upon the digital input. For 
further information on CMOS multiplying D/A converters 
refer to “Application Guide to CMOS Multiplying D/A con- 
verters” which is available from Analog Devices, Publica- 
tion Number G479-15-8/78. 


Vin R R R 




g(V|N, N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V, N , THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 


Figure 3. Equivalent Analog Output Circuit of AD7111 


D7-D4 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

0000 

0.0 

0.375 

0.75 

1.125 

1.5 

1.875 

2.25 

2.625 

3.0 

3.375 

3.75 

4.125 

4.5 

4.875 

5.25 

5.625 

0001 

6.0 

6.375 

6.75 

7.125 

7.5 

7.875 

8.25 

8.625 

9.0 

9.375 

9.75 

10.125 

10.5 

10.875 

11.25 

11.625 

0010 

12.0 

12.375 

12.75 

13.125 

13.5 

13.875 

14.25 

14.625 

15.0 

15.375 

15.75 

16.125 

16.5 

16.875 

17.25 

17.625 

0011 

lEMf: 

18.375 

18.75 

19.125 

19.5 

19.875 

20.25 

20.625 

21.0 

21.375 

21.75 

22.125 

22.5 

22.875 

23.25 

23.625 

0100 

24.0 

24.375 

24.75 

25.125 

25.5 

25.875 

26.25 

26.625 

27.0 

27.375 

27.75 

28.125 

28.5 

28.875 

29.75 

29.625 

0101 

30.0 

30.375 

30.75 

31.125 

31.5 

31.875 

32.25 

32.625 

33.0 

33.375 

33.75 

34.125 

34.5 

34.875 

35.25 

35.625 

0110 

36.0 

36.375 

36.75 

37.125 

37.5 

37.875 

38.25 

38.625 

39.0 

39.375 

39.75 

40.125 

40.5 

40.875 

41.25 

41.625 

0111 

42.0 

42.375 

42.75 

43.125 

43.5 

43.875 

44.25 

44.625 

45.0 

45.375 

45.75 

46.125 

46.5 

46.875 

47.25 

47.625 

1000 

48.0 

48.375 

48.75 

49.125 

49.5 

49.875 

50.25 

50.625 

51.0 

51.375 

51.75 

52.125 

52.5 

52.875 

53.25 

53.625 

1001 

54.0 

54.375 

54.75 

55.125 

55.5 

55.875 

56.25 

56.625 

57.0 

57.375 

57.75 

58.125 

58.5 

58.875 

59.25 

59.625 

1010 

60.0 

60.375 

60.75 

61.125 

61.5 

61.875 

62.25 

62.625 

63.0 

63.375 

63.75 

64.125 

64.5 

64.875 

65.25 

65.625 

1011 

66.0 

66.375 

66.75 

67.125 

67.5 

67.875 

68.25 

68.625 

69.0 

69.375 

69.75 

70.125 

70.5 

70.875 

71.25 

71.625 

1100 

72.0 

72.375 

72.75 

73.125 

73.5 

73.875 

74.25 

74.625 

75.0 

75.375 

75.75 

76.125 

76.5 

76.875 

77.25 

77.625 

1101 

78.0 

78.375 

78.75 

79.125 

79.5 

79.875 

80.25 

80.625 

81.0 

81.375 

81.75 

82.125 

82.5 

82.875 

83.25 

83.625 

1110 

84.0 

84.375 

84.75 

85.125 

85.5 

85.875 

86.25 

86.625 

87.0 

87.375 

87.75 

88.125 

88.5 

88.875 

89.25 

89.625 

1111 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 


Table /. Ideal Attenuation in dB vs. input Code 
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Applications Information - AD7111 


DYNAMIC PERFORMANCE 

The dynamic performance of the AD7111 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay- 
out which minimizes feedthrough from Vpsj to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD711 1 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 



ARE NOT INCLUOEO. 

Figure 4. Suggested Layout for AD711 1 and Op-Amp 

It is recommended that when using the AD7111 with a high 
speed amplifier, a capacitor (Cl) be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro- 
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7111 using the 
AD517, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without Cl is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 



DATA CHANGE FROM 80H to 00H 


Figure 5. Response of A D71 11 with AD517 



DATA CHANGE FROM 80H TO 00H 


Figure 6. Response of AD 7 11 1 with AD 544 

In conventional CMOS D/A converter design parasitic capaci- 
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 


from digital feedthrough. The AD7111 has been designed to 
minimize these glitches as much as possible. 

For operation beyond 250kHz, capacitor Cl may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 12. In 
circuits where Cl is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7111. 

Feedthrough and absolute accuracy are sensitive to output 
leakage current effects. For this reason it is recommended that 
the operating temperature of the AD7111 be kept as close to 
25°C as is practically possible, particularly where the device’s 
performance at high attenuation levels is important. A typical 
plot of leakage current vs. temperature is shown in Figure 11. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7 111 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7111 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed- 
back resistor Rpg. It is recommended that an amplifier with 
an input bias current of less than lOnA be used (e.g., AD5 17 
or AD544) to minimize this offset. 

Another error arises from the output amplifier’s input offset 
voltage. The amplifier is operated with a fixed feedback re- 
sistance, but the equivalent source impedance (the AD7111 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the “noise” gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. 

It is recommended that an amplifier with less than 50/uV of 
input offset be used (such as the AD517 or AD OP-07) in 
dc applications. Amplifiers with higher offset voltage may 
cause audible “thumps” in ac applications due to dc output 
changes. 

The AD7111 accuracy is specified and tested using only the 
internal feedback resistor. Any Gain Error (i.e., mismatch of 
RpB to the R-2R ladder) that may exist in the AD7111 D/A 
converter circuit results in a constant attenuation error over 
the whole range. The AD7111 accuracy is specified relative 
to OdB attenuation, hence “Gain” trim resistors— R1 and R2 
in Figure 1— can be used to adjust Vqut = ^IN precisely (i.e., 
OdB attenuation) with input code 00000000. The accuracy 
and monotonic range specifications of the AD7111 are not 
affected in any way by this gain trim procedure. For the 
AD7111L/C/U grades, suitable values for R1 and R2 of 
Figure 1 are R1 = 50012, R2 = 18012; for the K/B/T grades 
suitable values are R1 = 100012, R2 = 27012. For additional 
information on gain error the reader is referred to Application 
Note “Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs” by Phil Burton available from Analog 
Devices Inc., Publication Number E630— 10— 6/81. 


DIGITAL-TO-ANALOG CONVERTERS 2-187 





Typical Performance Characteristics 



0 +1 +2 +3 +4 +5 

INPUT VOLTAGE - Volts 


Figure 7. Typical Supply Current vs. Logic input Level 



0 3 6 9 12 15 18 21 24 27 30 

ATTENUATION - dB 


Figure 8. Typical Attenuation Error for 0.75dB Steps 



ATTENUATION - dB 

Figure 9. Typical Attenuation Error for 3dB Steps vs. 
Temperature 



Figure 1 1. Output Leakage Current vs. Temperature 



100 Ik 10k 100k 1M 


FREQUENCY - Hz 


Figure 12. Frequency Response with AD 544 and ADS 17 
Amplifiers 



Figure 13. Distortion vs. Frequency Using AD 544 
Amplifier 
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Figure 10. Accuracy Specification for K/B/T Grade Devices 
at Ta = +21? C 


Figure 14. Accuracy Specification for L/C/U Grade Devices 
at Ta = +2&C 
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pi ANALOG 

LC 2 M0S 

U DEVICES 

8-Bit DAC with Output Amplifier 

AD7224 


FEATURES 

8-Bit CMOS DAC with Output Amplifier 
Operates with Single or Dual Supplies 
Low Total Unadjusted Error: 

Less than 1*LSB Over Temperature 
pP-Compatible with Double Buffered Input 
Standard 18-Pin DIPs and 20-Terminal Surface 
Mount Packages 


GENERAL DESCRIPTION 

The AD7224 is a precision 8-bit, voltage-output, digital-to-analog 
converter with output amplifier and double buffered interface 
logic on a monolithic CMOS chip. No external trims are required 
to achieve full specified performance for the part. 

The double buffered interface logic consists of two 8-bit registers- 
an input register and a DAC register. Only the data held in the 
DAC register determines the analog output of the converter. 

The double buffering allows simultaneous update in a system 
containing multiple AD7224’s. Both registers may be made 
transparent under control of three external lines, CS, WR and 
LDAC. With both registers transparent, the RESET line functions 
like a zero override; a useful function for system calibration 
cycles. All logic inputs are TTL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors . 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ 10V. The output amplifier is capable of developing -I- 10V 
across a 2kO load. 

The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC 2 MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 

ORDERING INFORMATION 1 


AD7224 FUNCTIONAL BLOCK DIAGRAM 


Vref Vdd 



V ss AGND DGND 


PRODUCT HIGHLIGHTS 

1. DAC and Amplifier on CMOS Chip: 

The single-chip design of the 8-bit DAC and output amplifier 
is inherently more reliable than multi-chip designs. CMOS 
fabrication means low power consumption (35mW typical 
with single supply). 

2. Low Total Unadjusted Error: 

The fabrication of the AD7224 on Analog Devices Linear 
Compatible CMOS (LC 2 MOS) process, coupled with a novel 
DAC switch-pair arrangement, enables an excellent total 
unadjusted error of less than 1LSB over the full operating 
temperature range. 

3. Single or Dual Supply Operation: 

The voltage-mode configuration of the AD7224 allows operation 
from a single power supply rail. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

4. Versatile Interface Logic: 

The high speed logic allows direct interfacing to most micro- 
processors. Additionally, the double buffered interface enables 
simultaneous update of the AD7224 in multiple DAC systems. 
The part also features a zero override function. 


Total 

Unadjusted 
Error (LSB) 

T emperature Range and Package Options 2, 3 

Oto +70°C 

- 25°C to + 85°C 

— 55°C to + 125°C 


Plastic DIP (N-18) 

Hermetic DIP (Q-18) 

Hermetic DIP (Q-18) 

±2 

AD7224KN 

AD7224BQ 

AD7224TQ 

±1 

AD7224LN 

AD7224CQ 

AD7224UQ 


PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

±2 

AD7224KP 


AD7224TE 

±1 

AD7224LP 


AD7224UE 


NOTES 

‘To order MIL-STD-883 processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 Also available in SOIC package (AD7224KR-1). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS 


DUAL SUPPLY 


(V„, = 11.4V to 16.5V; Vss = — 5V ±10%; AGND = DGNO = OV; V REF = +2V to (V ro -4 V) 1 
unless otherwise stated). All specifications T,,*, to unless otherwise noted. 



K,B,T 

L, C,U 



Parameter 

Versions 2 

Versions 

Units 

Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

8 

8 

Bits 


Total Unadjusted Error 

±2 

±1 

LSB max 

V DD = + 15V ± 5%, V REF = + 10V 

Relative Accuracy 

± 1 

±1/2 

LSB max 


Differential Nonlinearity 

±1 

±1 

LSB max 

Guaranteed Monotonic 

Full Scale Error 

1+ 

UJ 

NJ 

± 1 

LSB max 


Full Scale Temperature Coefficient 

±20 

±20 

ppm/°C max 

V DD = 14V to 16.5V, V REF = + 10V 

Zero Code Error 

±30 

±20 

mV max 


Zero Code Error Temperature Coefficient 

±50 

±30 

p,V/°C typ 


REFERENCE INPUT 





Voltage Range 

2 to (V DD — 4) 

2 to(V DD —4) 

V min tO Vmax 


Input Resistance 

8 

8 

kOmin 


Input Capacitance 3 

100 

100 

pF max 

Occurs when DAC is loaded with all 1 ’s. 

DIGITAL INPUTS 





Input High Voltage, V INH 

2.4 

2.4 

V min 


Input Low Voltage, Vi NL 

0.8 

0.8 

V max 


Input Leakage Current 

±1 

±1 

jxA max 

V IN = 0VorV DD 

Input Capacitance 3 

8 

8 

pF max 


Input Coding 

Binary 

Binary 



DYNAMIC PERFORMANCE 





Voltage Output Slew Rate 3 

Voltage Output Settling Time 3 

2.5 

2.5 

V/|xs min 


Positive Full Scale Change 

5 

5 

|jls max 

Vref = + 10V; Settling Time to ± 1/2LSB 

Negative Full Scale Change 

7 

7 

fxsmax 

Vref = + 10V; Settling Time to ± 1/2LSB 

Digital Feedthrough 

50 

50 

nV secs typ 

Vref = 0V 

Minimum Load Resistance 

2 

2 

kfl min 

V OUT = +10V 

POWER SUPPLIES 





V DD Range 

11.4/16.5 

11.4/16.5 

V mm /V max 

For Specified Performance 

V S s Range 

Idd 

4.5/5. 5 

4. 5/5. 5 

Vmin/Vmax 

For Specified Performance 

@25°C 

4 

4 

mAmax 

Outputs Unloaded; Vi N = Vi NL or Vinh 

Tmin tO Tmax 

Iss 

@25°C 

6 

6 

mA max 

Outputs Unloaded ; Vin = V inl or Vinh 

3 

3 

mA max 

Outputs Unloaded; Vin = Vinl or Vinh 

T min tO Tmax 

5 

5 

mA max 

Outputs Unloaded; Vi N = Vinl or Vinh 


SWITCHING CHARACTERISTICS 3,4 


ti 

@25°C 

150 

150 

ns min 

Chip Select/Load DAC Pulse Width 

TmintO Tmax 

200 


ns min 


t2 

@25°C 

150 

150 

ns min 

Write/Reset Pulse Width 

Tmin tO Tmax 

200 

200 

ns min 


t3 

@25°C 

0 

0 

ns min 

Chip Select/Load DAC to Write Setup Time 

Tmin tO Tmax 

0 

0 

ns min 


t4 

@25°C 

0 

0 

ns min 

Chip Select/Load DAC to Write Hold Time 

Tmin tO Tmax 

0 

0 

ns min 


t5 

@25°C 

90 

90 

ns min 

Data Valid to Write Setup Time 

Tmin tO Tmax 

100 


ns min 


@25°C 

10 


ns min 

Data Valid to Write Hold Time 

Tmin tO Tmax 

10 


ns min 



NOTES 

‘Maximum possible reference voltage. 

2 Temperature ranges are as follows: 

K, L Versions; 0 to + 70°C 
B,C Versions; -25°Cto+85°C 
T, U Versions; -55°C to + 125°C 
3 Sample Tested at 25°C by Product Assurance to ensure compliance. 
4 Switching characteristics apply for single and dual supply operation. 
Specifications subject to change without notice. 
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AiiiAi r CIIDDI V ^ D0 ~ +15V ±5%; Vjs — AGND — DGND — OV; Vug — + 10V 1 
OlNuLt oUrrLT unless otherwise stated). All specifications T,^ to unless otherwise noted. 


AD7224 



K,B,T 

L,C,U 



Parameter 

Versions 2 

Versions 

Units 

Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

8 


Bits 


Total Unadjusted Error 

±2 


LSB max 


Differential Nonlinearity 

± 1 


LSB max 

Guaranteed Monotonic 

REFERENCE INPUT 





Input Resistance 

8 

8 

kD min 


Input Capacitance 3 

100 

100 

pF max 

Occurs when DAC is loaded with all l’s. 

DIGITAL INPUTS 





Input High Voltage, V IN h 

2.4 

2.4 

V min 


Input Low Voltage, Vi NL 

0.8 

0.8 

V max 


Input Leakage Current 

± 1 

±1 

fxA max 

Vin = 0VorV DD 

Input Capacitance 3 

8 

8 

pF max 


Input Coding 

Binary 

Binary 



DYNAMIC PERFORMANCE 





Voltage Output Slew Rate 3 

Voltage Output Settling Time 3 

2 

2 

V/p.s min 


Positive Full Scale Change 

5 

5 

|xs max 

Settling Time to ± 1/2LSB 

Negative Full Scale Change 

20 

20 

(jls max 

Settling Time to ± 1/2LSB 

Digital Feedthrough 3 

50 

50 

nV secs typ 

Vre F = 0V 

Minimum Load Resistance 

2 

2 

kfl min 

Vour = + 10V 

POWER SUPPLIES 





V DD Range 

Idd 

@25°C 

14.25/15.75 

14.25/15.75 

V^n/V^ 

For Specified Performance 

4 

4 

mA max 

Outputs Unloaded; Vi N = Vi NL or Vi NH 

TnuntoTma* 

6 

6 

mA max 

Outputs U nloaded ; Vi N = V INL or V inh 


ABSOLUTE MAXIMUM RATINGS* 

V D d to AGND -0.3V, + 17V 

V DD to DGND -0.3V, + 17V 

V DD toV ss -0.3V, + 24V 

AGND to DGND -0.3V, V DD 

Digital Input Voltage to DGND . . . . -0.3V, Vdd + 0.3 V 

Vref to AGND -0.3V, V DD 

Vout to AGND 1 V S s> Vdd 

Power Dissipation (Any Package) to +7 5°C 450mW 

Derates above 75°C by 6mW/°C 

Operating Temperature 

Commerical (K, L Versions) 0 to + 70°C 

Industrial (B, C Versions) -25°Cto+85°C 

Extended (T, U Versions) -55°C to + 125°C 

Storage Temperature -65°Cto -fl50°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


NOTES 

The outputs may be shorted to AGND provided that the power 
dissipation of the package is not exceeded. Typically short 
circuit current to AGND is 60mA. 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


RESET LDAC 

WR 

CS 

Function 

H 

L 

L 

L 

Both Registers are Transparent 

H 

X 

H 

X 

Both Registers are Latched 

H 

H 

X 

H 

Both Registers are Latched 

H 

H 

L 

L 

Input Register Transparent 

H 

H 

_r 

L 

Input Register Latched 

H 

L 

L 

H 

DAC Register Transparent 

H 

L 

JT 

H 

DAC Register Latched 

L 

X 

X 

X 

Both Registers Loaded 

With All Zeros 

J~ 

H 

H 

H 

Both Register Latched With 

All Zeros and Output Remains 
at Zero 


L 

L 

L 

Both Registers are Transparent 
and Output Follows Input Data 


H = High State, L = Low State, X = Don’t Care. 
All control inputs are level triggered. 


Table /. AD7224 Truth Table 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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ANALOG 

DEVICES 


LC 2 M0S Quad 8-Bit DAC 
with Separate Reference Inputs 


AD7225 


FEATURES 

Four 8-Bit DACs with Output Amplifiers 
Separate Reference Input for Each DAC 
pP Compatible with Double-Buffered Inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
No User Trims Required 
Skinny 24-Pin DIPs and 28-Terminal Surface 
Mount Packages 

GENERAL DESCRIPTION 

The AD7225 contains four 8-bit voltage output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. Each D/A converter has a separate 
reference input terminal. No external trims are required to 
achieve full specified performance for the part. 

The double-buffered interface logic consists of two 8-bit registers 
per channel-an input register and a DAC register. Control inpu ts 
AO and A1 determine which input register is loaded when WR 
goes low. Only the data held in the DAC registers determines 
the analog outputs of the converters. The double-buffering 
allows simultaneous update of all four outputs under control of 
LDAC. All logic inputs are TTL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors . 

Specified performance is guaranteed for input reference voltages 
from +2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ 10V. Each output buffer amplifier is capable of developing 
+ 10V across a 2kfl load. 

The AD7225 is fabricated on an all ion-implanted high-speed 
Linear Compatible CMOS (LC 2 MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuitry on the same chip. 

PRODUCT HIGHLIGHTS 

1. DACs and Amplifiers on CMOS Chip: 

The single-chip design of four 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 


AD7225 FUNCTIONAL BLOCK DIAGRAM 



LDAC V ss AGND DGND 


offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one end of the package and all digital 
inputs at the other. 

2. Single or Dual Supply Operation: 

The voltage-mode configuration of the AD7225 allows single 
supply operation. The part can also be operated with dual 
supplies giving enhanced performance for some parameters. 

3. Versatile Interface Logic: 

The AD7225 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. The double-buffered 
interface allows simultaneous update of the four outputs. 

4. Separate Reference Input for Each DAC: 

The AD7225 offers great flexibility in dealing with input 
signals with a separate reference input provided for each 
DAC and each reference having variable input voltage 
capability. 


ORDERING INFORMATION 1 


Total 

Unadjusted 
Error (LSB) 

Temperature Range and Package Options 2 

Oto +70°C 

— 25°C to +85°C 

-55°Cto+125°C 


Plastic DIP (N-24) 

Hermetic DIP (Q-24) 

Hermetic DIP (Q-24) 

±2 

AD7225KN 

AD7225BQ 

AD7225TQ 

±1 

AD7225LN 

AD7225CQ 

AD7225UQ 


PLCC 3 (P-28A) 


LCCC 4 (E-28A) 

±2 

AD7225KP 


AD7225TE 

±1 

AD7225LP 


AD7225UE 


NOTES 

J To order MIL-STD-883 processed parts, add /883B to part number. 3 PLCC: Plastic Leaded Chip Carrier. 

Contact your local sales office for military data sheet. 4 LCCC: Leadless Ceramic Chip Carrier. 

2 See Section 14 for package outline information. 
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SPECIFICATIONS 

nilAI CIIDDI V = 114V to 16 5V; V ss = ~ 5V ±10% ; AGND = DGND = W Vref = +2V to (Y 00 -4Y) 1 
II UAL OUrrLY unless otherwise stated). All specifications T mjn to unless otherwise noted. 



K,B 

L,C 





Parameter 

Versions 2 

Versions 2 

T Version 

U Version 

Units 

Conditions/Comments 

STATIC PERFORMANCE 







Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 

±2 

±1 

±2 

±1 

LSBmax 

V DD = + 15V ± 5%, Vref = + 10V 

Relative Accuracy 

±1 

±1/2 

±1 

±1/2 

LSB max 


Differential Nonlinearity 

± 1 

±1 

± 1 

±1 

LSBmax 

Guaranteed Monotonic 

Full Scale Error 

±1 

±1/2 

± 1 

±1/2 

LSB max 


Full Scale Temp. Coeff. 

±5 

±5 

±5 

±5 

ppm/°C typ 

V DD = 14V to 16.5V, Vref = + 10V 

Zero Code Error @ 25°C 

±25 

±15 

±25 

±15 

mV max 


T min tO Tujx 

±30 

±20 

±30 

±20 

mV max 


Zero Code Error Temp Coeff. 

±30 

±30 

±30 

±30 

|xV/°Ctyp 


REFERENCE INPUT 







Voltage Range 

2to(V DD -4) 

2 to(VoD _ 

-4) 2to(V DD —4) 

2to(V DD -4) 

VmintoVmax 


Input Resistance 

11 

11 

11 

11 

kfl min 


Input Capacitance 3 

100 

100 

100 

100 

pFmax 

Occurs when each DAC is loaded with all 1 ’s. 

Channel-to-Channel Isolation 3 

60 

60 

60 

60 

dBmin 

Vref = 10V p-p Sine Wave @ 10kHz 

AC Feedthrough 3 

-70 

-70 

-70 

-70 

dBmax 

Vref = 10V p-p Sine Wave @ 10kHz 

DIGITAL INPUTS 







Input High Voltage, Vinh 

2.4 

2.4 

2.4 

2.4 

Vmin 


Input Low Voltage, V i NL 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input Leakage Current 

± 1 

±1 

± 1 

± 1 

(jlA max 

Vin - 0V orVoo 

Input Capacitance 3 

8 

8 

8 

8 

pFmax 


Input Coding 

Binary 

Binary 

Binary 

Binary 



DYNAMIC PERFORMANCE 







Voltage Output Slew Rate 3 
Voltage Output Settling Time 3 

2.5 

2.5 

2.5 

2.5 

V/|xs min 


Positive Full Scale Change 

5 

5 

5 

5 

|xs max 

Vref = + 10V; Settling Time to ± 1/2LSB 

Negative Full Scale Change 

5 

5 

5 

5 

ixsmax 

Vref = + 10V; Settling Time to ± 1/2LSB 

Digital Feedthrough 3 

50 

50 

50 

50 

nV secs typ 

Code transition all 0’s to all l’s. 

Digital Crosstalk 3 

50 

50 

50 

50 

nV secs typ 

Code transition all 0’s to all 1 ’s . 

Minimum Load Resistance 

2 

2 

2 

2 

kfl min 

Vout = + 10V 

POWER SUPPLIES 







V DD Range 

11.4/16.5 

11.4/16.5 

11.4/16.5 

11.4/16.5 

Vmin/Vma* 

For Specified Performance 

Idd 

10 

10 

12 

12 

mA max 

Outputs Unloaded; V JN = V INL or Vi NH 

Iss 

9 

9 

10 

10 

mAmax 

Outputs Unloaded; Vin = Vinl or Vinh 

SWITCHING CHARACTERISTICS 3 * 4 

ti 

@25°C 

95 

95 

95 

95 

ns min 

Write Pulse Width 

Tmin TO Tnax 

120 

120 

150 

150 

ns min 


t2.' 

@25°C 

0 

0 

0 

0 

ns min 

Address to Write Setup Time 

TmintoTmax 

0 

0 

0 

0 

ns min 


t3 

@25°C 

0 

0 

0 

0 

ns min 

Address to Write Hold Time 

Tmin tO Tmax 

0 

0 

0 

0 

ns min 


u 

@25°C 

70 

70 

70 

70 

ns min 

Data Valid to Write Setup Time 

Tmin tO Tmax 

90 

90 

90 

90 

ns min 


ts 

@25°C 

10 

10 

10 

10 

ns min 

Data Valid to Write Hold Time 

Tmin tO Tmax 

10 

10 

10 

10 

ns min 


t6 

@25°C 

95 

95 

95 

95 

ns min 

Load DAC Pulse Width 

Tmin tO Tmax 

120 

120 

150 

150 

ns min 


NOTES 







‘Maximum possible reference voltage. 
2 Temperature ranges are as follows: 







K, L Versions; 0 to + 70°C 

B, C Versions; -25°C to +85°C 

T, U Versions; - 55°C to + 125°C 







3 Sample Tested at 25°C to ensure compliance. 






Switching characteristics apply for single and dual supply operation. 





Specifications subject to change without notice. 






CAUTION 







ESD (electrostatic discharge) sensitive device. The digital control 

inputs are 

diode protect 

■ WARNING! ^ 

ed; however, permanent damage may 

occur on 

unconnected devices subject to high energy 

electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective W 

foam should be discharged to the destination socket before devices are removed. 


m i 
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CIMPI C CIIDDI V ^ DD = + ^ ±5%, Vss = AGND = DGND = OV; V REF = + 10V 1 
OlNuLL ollri LT unless otherwise stated). All specifications T mjn to unless otherwise noted. 


AD7225 


Parameter 

K,B 

Versions 2 

L,C 

Versions 2 

T Version 

U Version 

Units 

Conditions/Comments 

STATIC PERFORMANCE 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 

±2 

± 1 

±2 

±1 

LSB max 


Differential Nonlinearity 

± 1 

±1 

±1 

±1 

LSB max 

Guaranteed Monotonic 

REFERENCE INPUT 

Input Resistance 

11 

11 

11 

11 

kfl min 


Input Capacitance 3 

100 

100 

100 

100 

pF max 

Occurs when each DAC is loaded with all l’s. 

Channel-to-Channel Isolation 

60 

60 

60 

60 

dBmin 

Vref = 10V p-p Sine Wave @ 10kHz 

AC Feedthrough 3,4 

-70 

-70 

-70 

-70 

dB max 

Vref = 10V p-p Sine Wave @ 10kHz 

DIGITAL INPUTS 

Input High Voltage, Vi NH 

2.4 

2.4 

2.4 

2.4 

V min 


Input Low Voltage, V INL 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input Leakage Current 

±1 

± 1 

±1 

±1 

pA max 

Vin = 0V or V D d 

Input Capacitance 3 

Input Coding 

8 

Binary 

8 

Binary 

8 

Binary 

8 

Binary 

pF max 


DYNAMIC PERFORMANCE 

Voltage Output Slew Rate 3 

2 

2 

2 

2 

V/p.smin 


Voltage Output Settling Time 3 

Positive Full Scale Change 

5 

5 

5 

5 

ps max 

Settling Time to ± 1/2LSB 

Negative Full Scale Change 

7 

7 

7 

7 

p.s max 

Settling Time to ± 1/2LSB 

Digital Feedthrough 3,4 

50 

50 

50 

50 

nV secs typ 

Code transition all 0’s to all l’s . 

Digital Crosstalk 3 

50 

50 

50 

50 

nV secs typ 

Code transition all 0’s to all l’s. 

Minimum Load Resistance 

2 

2 

2 

2 

kfl min 

Vout = + 10V 

POWER SUPPLIES 

V DD Range 

14.25/15.75 

14.25/15.75 

14.25/15.75 

14.25/15.75 

V min/Vmax 

For Specified Performance 

Idd 

10 

10 

12 

12 

mA max 

Outputs Unloaded; Vjn = V INL or Vjnh 


ABSOLUTE MAXIMUM RATINGS* 

V dd to AGND -0.3V, + 17V 

V DD to DGND -0.3V, + 17V 

V DE > to Vss —0.3V, 4- 24V 

AGND to DGND -0.3V, V DD 

Digital Input Voltage to DGND -0.3V, V DD 

Vre F to AGND -0.3V, V DD 

Vout to AGND 1 V S sj V D d 

Power Dissipation (Any Package) to + 75°C 500mW 

Derates above 75°C by 2.0mW/C 

Operating Temperature 

Commercial (K, L Versions) 0 to + 70°C 

Industrial (B, C Versions) - 25°C to + 85°C 

PIN CONFIGURATIONS 

DIP LCCC 


Extended (T, U Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

NOTES 


‘Outputs may be shorted to any voltage in the range Vss to V DD provided 
that the power dissipation of the package is not exceeded. Typical short 
circuit current for a short to AGND or V S s is 50mA. 

^Stress above those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


PLCC 
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CIRCUIT INFORMATION 


D/A SECTION 

The AD7225 contains four, identical, 8-bit voltage-mode digital-to- 
analog converters. Each D/A converter has a separate reference 
input. The output voltages from the converters have the same 
polarity as the reference voltages, allowing single supply operation. 
A novel DAC switch pair arrangement on the AD7225 allows a 
reference voltage range from +2V to + 12.5V on each reference 
input. 

Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high-speed NMOS, single-pole, double-throw switches. 
The simplified circuit diagram for channel A is shown in 
Figure 1. Note that AGND is common to all four DACs. 




2R % 2R > 2R > 2R > 2R 

DBO J DB5 J DB6 1 DB7 


k n h 
-► — ** — 


SHOWN FOR ALL 1 S ON DAC 


Figure 1. D/A Simplified Circuit Diagram 

The input impedance at any of the reference inputs is code 
dependent and can vary from 1 lkfl minimum to infinity. The 
lowest input impedance at any reference input occurs when that 
DAC is loaded with the digital code 01010101. Therefore, it is 
important that the reference presents a low output impedance 
under changing load conditions. The nodal capacitance at the 
reference terminals is also code dependent and typically varies 
from 15pF to 35pF. 

Each Vout phi can be considered as a digitally programmable 
voltage source with an output voltage of: 

Voutx = Dx * Vrefx 

where D x is fractional representation of the digital 
input code and can vary from 0 to 255/256. 

The output impedance is that of the output buffer amplifier. 

OP-AMP SECTION 

Each voltage mode D/A converter output is buffered by a unity 
gain noninverting CMOS amplifier. This buffer amplifier is 
capable of developing + 10V across a 2kft load and can drive 
capacitive loads of 3300pF. 

The AD7225 can be operated single or dual supply; operating 
with dual supplies results in enhanced performance in some 
parameters which cannot be achieved with single supply operation. 
In single supply operation (V S s = 0V = AGND) the sink capability 
of the amplifier, which is normally 400|xA, is reduced as the 
output voltage nears AGND. The full sink capability of 400|jlA 
is maintained over the full output voltage range by tying V S s to 
-5V. This is indicated in Figure 2. 

Settling-time for negative-going output signals approaching 
AGND is similarly affected by Vss- Negative-going settling- time 
for single supply operation is longer than for dual supply operation. 
Positive-going settling-time is not affected by V ss . 


400 


300 

< 

A 

J 

200 


100 


0 

0 2 4 6 8 10 

Vout - Volts 

Figure 2. Variation of I S /nk with V OUT 

Additionally, the negative V S s gives more headroom to the 
output amplifiers which results in better zero code performance 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 

DIGITAL SECTION 

The AD7225 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by an on-chip distributed diode 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (V D d and DGND) as practically 
possible. 

INTERFACE LOGIC INFORMATION 

The AD7225 contains two registers per DAC, an input register 
and a DAC register. Address lines A0 and A1 select which 
inpu t register will accept data from the input port. When the 
WR signal is LOW, the input latches of the selected DAC are 
transparent. The dat a is la tched into the addressed input register 
on the rising edge of WR. Table I shows the addressing for the 
input registers on the AD7225. 

Only the data held in the DAC register determines the analog 
output of the converter. The LDAC signal is common to all 
four DACs and controls the transfer of information from the 
input registers to the DAC registers. Data is latched int o all 
four DAC r egisters simultaneously on the rising edge of LDAC. 
The LDAC signal is level triggered and therefore the DAC 


(\ 

’ VS8 = 

-5V 



f 

V S8 

= 0V 






v DD = + 

Ta = 25°C 

5V 












A1 

A0 

Selected Input Register 

L 

L 

DAC A Input Register 

L 

H 

DAC B Input Register 

H 

L 

DAC C Input Register 

H 

H 

DAC D Input Register 


Table /. AD7225 Addressing 
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AD7225 


registers may be made transparent by tying LDAC LOW (in 
this case the outputs of the converters will res pond to the data 
held in their respective input latc hes). LDAC is an asynchronous 
signal and is independent of WR. This is useful in ma ny appl i- 
cations. However, in systems where the asynchronous LDAC 
can occur during a write cycle (or vice versa) care must be taken 
to ensure that inco rrect da ta is not latched through to the output. 
In o ther wor ds, if LDAC i s activat ed pri or to the rising edge of 
WR (or WR occurs during LDAC), then LDAC must stay 
LOW for 4 or longer after WR goes HIGH to ensure correct 
data is latched through to the output. Table II shows the truth 
table for AD7225 operation. Figure 3 shows the input control 
logic for the part and the write cycle timing diagram is given in 
Figure 4. 



TO ALL 
DAC LATCHES 


TO INPUT 
LATCH A 


TO INPUT 
LATCH B 


TO INPUT 
LATCH C 


TO INPUT 
LATCH D 


Figure 3. Input Control Logic 


WR 

LDAC 

Function 

H 

H 

No Operation. Device not selected 

L 

H 

Input Register of Selected DAC Transparent 

f 

H 

Input Register of Selected DAC Latched 

H 

L 

All Four DAC Registers Transparent 
(i.e. Outputs respond to data held in 
respective input registers) 

Input Registers are Latched 

H 

f 

All Four DAC Registers Latched 

L 

L 

DAC Registers and Selected Input Register 
Transparent 

Output follows Input Data for Selected Channel. 


Table II. AD7225 Truth Table 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% of +5V 

t r = t, = 20ns OVER V DD RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

V|NH + V| NL 

2 „ 

3. IF LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF WR THEN 
IT MUST STAY LOW FOR t 6 OR LONGER AFTER WR GOES HIGH. 


Figure 4. Write Cycle Timing Diagram 


UNIPOLAR OUTPUT OPERATION 

This is the basic mode of operation for each channel of the 
AD7225, with the output voltage having the same positive polarity 
as Vref* The AD7225 can be operated single supply (Vss = 
AGND) or with positive/negative supplies (see op-amp section 
which outlines the advantages of having negative Vss)* Connections 
for the unipolar output operation are shown in Figure 5. The 
voltage at any of the reference inputs must never be negative 


Vref A V R£F B V REF C V R£F D V D d 



with respect to DGND. Failure to observe this precaution may 
cause parasitic transistor action and possible device destruction. 
The code table for unipolar output operation is shown in 
Table III. 


DAC Latch Contents 
MSB LSB 

Analog Output 

1111 

1111 

+ Vre F 

(255 ) 


1000 

000 1 

+ Vref 

(122) 


1000 

0000 

+ V REF 

(12?)= + 

Vref 

2 

0 111 

1111 

+ Vref 

(IS) 


0000 

000 1 

+ Vref 

(A) 


0000 

0000 


OV 



Note: 1LSB = = V REF ( ^ ) 


Table III. Unipolar Code Table 


Figure 5. Unipolar Output Circuit 
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BIPOLAR OUTPUT OPERATION 

Each of the DACs of the AD7225 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifier and two resistors per channel. Figure 6 shows 
a circuit used to implement offset binary coding (bipolar operation) 
with DAC A of the AD7225. In this case 

Vour = (l + gj) • (D a V ref ) - (gj) • (V REF ) 

With R1 = R2 

Vout = (2D a - 1 ) • Vref 

where D A is a fractional representation of the 
digital word in latch A. (0 =s£ D A ^ 255/256) 

Mismatch between R1 and R2 causes gain and offset errors and, 
therefore, these resistors must match and track over temperature. 
Once again the AD7225 can be operated in single supply or 
from positive/negative supplies. Table IV shows the digital code 
versus output voltage relationship for the circuit of Figure 6 
with R1 = R2. 



Figure 6. AD7225 Bipolar Output Circuit 


DAC Latch Contents 

MSB LSB Analog Output 

nil nil +VRE F (ng) 

1 0 0 0 0 0 0 1 +Vre F ( j|g ) 

10000000 ov 

oill nil -Vref (ilg) 

0000 000 1 -Vref(1| ) 

0000 0000 -Vref ( ill )= -Vref 

Table IV. Bipolar (Offset Binary) Code Table 
AC REFERENCE SIGNAL 

In some applications it may be desirable to have ac reference 
signals. The AD7225 has multiplying capability within the upper 
(Vdd - 4V) and lower (2V) limits of reference voltage when 
operated with dual supplies. Therefore ac signals need to be ac 
coupled and biased up before being applied to the reference 
inputs. Figure 7 shows a sine wave signal applied to Vref A. 
For input signal frequencies up to 50kHz the output distortion 
typically remains less than 0.1%. The typical 3dB bandwidth 
figure for small signal inputs is 800kHz. 


15V 



Figure 7. Applying an AC Signal to the AD7225 

GROUND MANAGEMENT AND LAYOUT 

Since the AD7225 contains four reference inputs which can be 
driven from ac sources (see AC REFERENCE SIGNAL section) 
careful layout and grounding is important to minimize analog 
crosstalk between the four channels. The dynamic performance 
of the four DACs depends upon the optimum choice of board 
layout. Figure 8 shows the relationship between input frequency 
and channel-to-channel isolation. Figure 9 shows a printed circuit 
board layout which is aimed at minimizing crosstalk and feed- 
through. The four input signals are screened by AGND. Vref 
was limited to between 2V and 3.24V to avoid slew rate limiting 
effects from the output amplifier during measurements. 



20k 50k 100k 200k 500k 1M 

INPUT FREQUENCY - Hz 


Figure 8. Channel-to-Channel Isolation 

SYSTEM 



MSB -O- -O- LSB 



Figure 9. Suggested PCB Layout for AD7225. Layout 
Shows Component Side (Top View) 
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ANALOG 

DEVICES 


LC 2 M0S 

Quad 8-Bit D/A Converter 


AD7226 


FEATURES 

Four 8-Bit DACs with Output Amplifiers 
Skinny 20-Pin DIPs and 20-Terminal 
Surface Mount Packages 
Microprocessor Compatible 
TTL/CMOS Compatible 
No User Trims 

Single Supply Operation Possible 

APPLICATIONS 
Process Control 
Automatic Test Equipment 

Automatic Calibration of Large System Parameters 
e.g., Gain/Offset 


GENERAL DESCRIPTION 

The AD7226 contains four 8-bit voltage-output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the four D/A 
converters. Data is transferred into one of these data latches 
through a common 8-bit TTL/CMOS (5V) compatible input 
port. Cont rol inputs AO and A1 determine which DAC is loaded 
when WR goes low. The control logic is speed-compatible with 
most 8-bit microprocessors. 

Each D/A converter includes an output buffer amplifier capable 
of driving up to 5mA of output current. The amplifiers’ offsets 
are laser- trimmed during manufacture, thereby eliminating any 
requirement for offset nulling. 

Specified performance is guaranteed for input reference voltages 
from 4- 2V to 4- 12.5V with dual supplies. The part is also specified 
for single supply operation at a reference of + 10V. 

The AD7226 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC 2 MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 


AD7226 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1 . DAC-to-DAC Matching: 

Since all four DACs are fabricated on the same chip at the 
same time, precise matching and tracking between the DACs 
is inherent. 

2. Single Supply Operation: 

The voltage mode configuration of the DACs allows the 
AD7226 to be operated from a single power supply rail. 

3. Microprocessor Compatibility: 

The AD7226 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered. 

4. Small Size: 

Combining four DACs and four op-amps plus interface logic 
into either a small, 0.3" wide, 20-pin DIP or a 20-terminal 
surface mount package allows a dramatic reduction in board 
space requirements and offers increased reliability in systems 
using multiple converters. Its pinout is aimed at optimizing 
board layout with all the analog inputs and outputs at one 
end of the package and all the digital inputs at the other. 


ORDERING INFORMATION 1 


Total 

Unadjusted 
Error (LSB) 

| Temperature Range and Package Options 2, 3 

Oto +70°C 

— 25°C to +85°C 

NOTES 

55 C to 4- 125 C 'To order MIL-STD-883, Class B processed parts, add/883B to part number. 

±2 

Plastic DIP (N-20) 

AD7226KN 

Hermetic DIP (Q-20) 

AD7226BQ 

Hermetic DIP (0-20) Contact your local sales office for military data sheet. For U. S. Standard 

Military Drawing (SMD), see DESC drawing #5962-87802. 

AD7226TQ 2 See Section 14 for package outline information. 

±2 

PLCC 4 (P-20A) 

AD7226KP 


i rrrS/i: 3 Also available in SOIC package (AD7226KR). 

LCCC (H-20A) 4 PLCC: Plastic Leaded Chip Carrier. 

AD7226TE 5 LCCC: Leadless Ceramic Chip Carrier. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed . 
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SPECIFICATIONS 

m i * | ciiddi v 0/00 = 114V t0 16,5V; v$s = " 5V ±10%; AGND = DGND = 0V; Vref = 2V to Ww “ 4V)1 

UUAL oUrrLT unless otherwise stated). All specifications T M1N to unless otherwise noted. 


Parameter 

K, B, T Versions 2 

Units 

Conditions/Comments 

STATIC PERFORMANCE 




Resolution 

8 

Bits 


Total Unadjusted Error 

±2 

LSB max 

V DD * + 15V ± 5%, Vref = + 10V 

Relative Accuracy 

±1 

LSB max 


Differential Nonlinearity 

±1 

LSB max 

Guaranteed Monotonic 

Full Scale Error 

±11/2 

LSB max 


Full Scale Temperature Coefficient 

±20 

ppm/°C typ 

V D d = 14V to 16.5 V, Vref = + 10V 

Zero Code Error 

±30 

mV max 


Zero Code Error Temperature Coefficient 

±50 

jxV/°C typ 


REFERENCE INPUT 




Voltage Range 

2to(V DD —4) 

VMlNtO V MAX 


Input Resistance 

2 

kfl min 


Input Capacitance 3 

65 

pF min 

Occurs when each DAC loaded with all 0’s. 


300 

pF max 

Occurs when each DAC loaded with all l’s. 

DIGITAL INPUTS 




Input High Voltage, Vi NH 

2.4 

Vmin 


Input Low Voltage, Vinl 

0.8 

V max 


Input Leakage Current 

±1 

piA max 

V IN = 0VorV DD 

Input Capacitance 

8 

pF max 


Input Coding 

Binary 



DYNAMIC PERFORMANCE 




Voltage Output Slew Rate 4 

2.5 

V/jxs min 


Voltage Output Settling Time 4 




Positive Full Scale Change 

5 

ixs max 

Vref = + 10V; Settling Time to ± 1/2LSB 

Negative Full Scale Change 

7 

fxs max 

Vref = + 10V; Settling Time to ± 1/2LSB 

Digital Crosstalk 

50 

nV secs typ 


Minimum Load Resistance 

2 

kfl min 

V 0 ut= +10V 

POWER SUPPLIES 




V DD Range 

11.4/16.5 

Vmin^Vmax 

For Specified Performance 

Idd 

13 

mA max 

Outputs Unloaded; V IN = V INL orVi NH . 

Iss 

11 

mA max 

Outputs Unloaded; Vin = V INL or V INH - 

SWITCHING CHARACTERISTICS 4 - 5 

Address to Write Setup Time, t A s 




@25°C 

0 

ns min 


Tmin^o T MA x 

0 

ns min 


Address to Write Hold Time, t A H 




@25°C 

10 

ns min 


TjviiNto T max 

10 

ns min 


Data Valid to Write Setup Time, t DS 




@25°C 

90 

ns min 


TMINtoT MAX 

100 

ns min 


Data Valid to Write Hold Time, t DH 




@25°C 

10 

ns min 


TMINtoT MAX 

10 

ns min 


Write Pulse Width, t WR 




@25°C 

150 

ns min 


Tmin^oTm^ 

200 

ns min 



NOTES 

Maximum possible reference voltage. 

2 Temperature ranges are as follows: 

K Version; 0 to + 70°C 
B Version; - 25°C to + 85°C 
T Version; - 55°C to + 125°C 
3 Guaranteed by design. Not production tested. 

4 Sample Tested at 25°C to ensure compliance. 

5 Switching Characteristics apply for both single and dual supply operation. 
Specifications subject to change without notice. 
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CIKiriC CIIDDIV (V “= + ,5V ± 5 %;V ss =AGND = DGNO = OV;V ref = +10V' 

OlNULC oUrrLI unless otherwise stated). All specifications T M | N to V, unless otherwise noted. 


AD7226 


Parameter 

K, B, T Versions 2 

Units 

Conditions/Comments 

STATIC PERFORMANCE 

Resolution 

8 

Bits 


Total Unadjusted Error 

±2 

LSB max 


Differential Nonlinearity 

±1 

LSB max 

Guaranteed Monotonic 

REFERENCE INPUT 

Input Resistance 

2 

kfl min 


Input Capacitance 3 

65 

pF min 

Occurs when each DAC loaded with all 0’s. 


300 

pF max 

Occurs when each DAC loaded with all l’s. 

DIGITAL INPUTS 

Input High Voltage, V INH 

2.4 

V min 


Input Low Voltage, Vhstl 

0.8 

V max 


Input Leakage Current 

±1 

|jlA max 

Vin = 0 V orV DD 

Input Capacitance 

Input Coding 

8 

Binary 

pF max 


DYNAMIC PERFORMANCE 

Voltage Output Slew Rate 4 

2 

V/(jls min 


Voltage Output Settling Time 4 

Positive Full Scale Change 

5 

|xs max 

Settling Time to ± 1/2LSB 

Negative Full Scale Change 

20 

(jls max 

Settling Time to ± 1/2LSB 

Digital Crosstalk 

50 

nV secs typ 


Minimum Load Resistance 

2 

k Cl min 

Vout = + 10 V 

POWER SUPPLIES 

V DD Range 

14.25 to 15.75 

Vmin/Vmax 

For Specified Performance 

Idd 

13 

mA max 

Outputs Unloaded; Vin = Vi NL orViNH 


ABSOLUTE MAXIMUM RATINGS* 


V DD to AGND 

V DD to DGND 

VsstoAGND 

V ss to DGND 

Vdd to Vss 

AGND to DGND 

Digital Input Voltage to DGND 

Vref to AGND 

Vout to AGND 1 

Power Dissipation (Any Package) to + 75°C 

Derates above 75°C by 

Operating Temperature 
Commerical (K Version) 


. . . -0.3V, + 17V 
. . . -0.3V, + 17V 

• • . . — 7V, V DD 

• ... — 7V, V DD 

. . . -0.3V, +24V 
. .. -0.3V, V DD 

-0.3V, V dd + 0.3V 
. • • -0.3V, V DD 

v ss , V DD 

500mW 

2.0mW/°C 

. . . . 0 to + 70°C 


Industrial (B Version) — 25°C to +85°C 

Extended (T Version) -55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

NOTES 


1 Outputs may be shorted to AGND provided that the power 
dissipation of the package is not exceeded. Typically short 
circuit current to AGND is 60mA. 

*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DIP 



VqutC 

VoutD 

V 0 D 

A0 

A1 

WR 

DB0 (LSB) 
OBI 
OB2 
DB3 


PIN CONFIGURATIONS 
LCCC 


PLCC 


8 J 


J J 


> 8 > 8 > 8 > 8 
2 1 20 19 



18 V OD 
17 A0 
16 A1 
15 WR 
14 DBO(LSB) 


o o a a a 
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INTERFACE LOGIC INFORMATION 

Address lines AO and A1 select which DAC will accept data 
from the input port. Table I shows the selection table for the 
fou r DA Cs with Figure 1 showing the input control logic. When 
the WR signal is LOW, the input latches of the selected DAC 
are transparent and its output responds to activity on the data 
bus. The data is la tched i nto th e addressed DAC latch on the 
rising edge of WR. While WR is high the analog outputs remain 
at the value corresponding to the data held in their respective 
latches. 


AD7226 Control Inputs 
WR A1 AO 

AD7226 

Operation 

H 

X 

X 

No Operation 

Device Not Selected 

L 

jT 

L 

L 

DAC A Transparent 

L 

L 

DAC A Latched 

L 

S 

L 

H 

DAC B Transparent 

L 

H 

DAC B Latched 

L 

I 

H 

L 

DAC C Transparent 

H 

L 

DAC C Latched 

L 

I 

H 

H 

DAC D Transparent 

H 

H 

DAC D Latched 


L = Low State, H = High State, X = Don’t Care 
Table I. AD7226 Truth Table 



TO LATCH A 


TO LATCH B 


TO LATCH C 


TO LATCH D 


Figure 1. Input Control Logic 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% of V DD . 

t r = t, = 20ns OVER V DD RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

V|NH+ VlNL 


3. SELECTED INPUT LATCH IS TRANSPARENT WHILE WR IS 
LOW, THUS INVALID DATA DURING THIS TIME CAN CAUSE 
SPURIOUS OUTPUTS. 


Figure 2. Write Cycle Timing Diagram 


Unipolar Output Operation 

This is the basic mode of operation for each channel of the 
AD7226, with the output voltages having the same positive 
polarity as + Vre F . The AD7226 can be operated single supply 
(V S s = AGND) or with positive/negative supplies (see op-amp 
section which outlines the advantages of having negative Vss)- 
Note that the voltage at Vref must never be negative with respect 
to DGND in order to prevent parasitic transistor turn-on. Con- 
nections for the unipolar output operation are shown in Figure 3. 



Figure 3. Unipolar Output Circuit 


Bipolar Output Operation 

Each of the DACs of the AD7226 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifier and two resistors per channel. Figure 4 shows 
a circuit used to implement offset binary coding (bipolar operation) 
with DAC A of the AD7226. In this case 

Vout = (l + |j) ' (Da V^) - (gj)* (Vref) 

With R1 = R2 

Vout = (2D A - 1) • Vref 

where D A is a fractional representation 
of the digital word in latch A. 

Mismatch between R1 and R2 causes gain and offset errors and 
therefore these resistors must match and track over temperature. 
Once again the AD7226 can be operated in single supply or 
from positive/negative supplies. 



Figure 4. AD7226 Bipolar Output Circuit 
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Applications -AD7226 


GROUND MANAGEMENT 

AC or transient voltages between AGND and DGND can cause 
noise at the analog output. This is especially true in microprocessor 
systems where digital noise is prevalent. The simplest method of 
ensuring that voltages at AGND and DGND are equal is to tie 
AGND and DGND together at the AD7226. In more complex 
systems where the AGND and DGND intertie is on the backplane, 
it is recommended that two diodes be connected in inverse 
parallel between the AD7226 AGND and DGND pins (IN914 
or equivalent). 

3-PHASE SINE WAVE 

The circuit of Figure 5 shows an application of the AD7226 in 
the generation of 3-phase sine waves which can be used to control 
small 3-phase motors. The proper codes for synthesising a full 
sine wave are stored in EPROM, with the required phase-shift 
of 120° between the three D/A converter outputs being generated 
in software. 

Data is loaded into the three D/A converters from the sine 
EPROM via the microprocessor or control logic. Three loops 
are generated in software with each D/A converter being loaded 
from a separate loop. The loops run through the look-up table 
producing successive triads of sinusoidal values with 120° sep- 
aration which are loaded to the D/A converters producing 3 sine 
wave voltages 120° apart. A complete sine wave cycle is generated 
by stepping through the full look-up table. If a 256-element sine 
wave table is used then the resolution of the circuit will be 1 .4° 


(3607256). Figure 7 shows typical resulting waveforms. The 
sine waves can be smoothed by filtering the D/A converter out- 
puts. 

The fourth D/A converter of the AD7226, DAC D, may be 
used in a feedback configuration to provide a programmable 
reference voltage for itself and the other three converters. This 
configuration is shown in Figure 5. The relationship of Vref to 
V IN is dependent upon digital code and upon the ratio of R F to 
R and is given by the formula 

_ ( 1 + G) 

Vref- (1 + G .D d ) Vin 
where G = R F /R 

and D d is a fractional representation of the 
digital word in latch D. 

Alternatively, for a given V IN and resistance ratio, the required 
value of D d for a given value of Vref can be determined from 
the expression 

Vin R 

D d = (1 + R/R F ) -Tr ir 

V REF K F 

Figure 6 shows typical plots of Vref versus digital code for 
three different values of R F . With Vin = + 2.5V and Rp = 3R 
the peak-to-peak sine wave voltage from the converter outputs 
will vary between + 2.5V and + 10V over the digital input code 
range of 0 to 255. 




DIGITAL CODE - DECIMAL EQUIVALENT 

Figure 6. Variation of V REF with Feedback Configuration 



Figure 7. 3-Phase Sine Wave Output 
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STAIRCASE WINDOW COMPARATOR 

In many test systems, it is important to be able to determine 
whether some parameter lies within defined limits. The staircase 
window comparator of Figure 8a is a circuit which can be used, 
for example, to measure the Voh and Vol thresholds of a TTL 
device under test. Upper and lower limits on both V 0 h and V 0 l 
can be programmably set using the AD7226. Each adjacent pair 
of comparators forms a window of programmable size. If Vtest 
lies within a window then the output for that window will be 
high. With a reference of 2.56V applied to the Vref input, the 
minimum window size is lOmV. 



Figure 8a. Logic Level Measurement 



Figure 8b. Window Structure 


The circuit can easily be adapted to allow for overlapping of 
windows as shown in Figure 9a. If the three outputs from this 
circuit are decoded then five different nonoverlapping program- 
mable windows can again be defined. 



Figure 9a. Overlapping Windows 



Figure 9b. Window Structure 


OFFSET ADJUST 

Figure 10 shows how the AD7226 can be used to provide prog- 
rammable input offset voltage adjustment for the AD544 op 
amp. Each output of the AD7226 can be used to trim the input 
offset voltage on one AD544. The 620kfl resistor tied to + 10V 
provides a fixed bias current to one offset node. For symmetrical 
adjustment, this bias current should equal the current in the 
other offset node with the half-full scale code (i.e. 10000000) on 
the DAC. Changing the code on the DAC varies the bias current 
and hence provides offset adjust for the AD544. For example, 
the input offset voltage on the AD544J, which has a maximum 
of ± 2mV, can be programmably trimmed to ± IOjxV. 


+ 10V 



Figure 10. Offset Adjust for AD544 
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ANALOG 

DEVICES 



LC 2 M0S 
Octal 8-Bit DAC 



FEATURES 

Eight 8-Bit DACs with Output Amplifiers 
Operates with Single or D ual Supplies 
pP Compatible (95ns WR pulse) 

No User Trims Required 
Skinny 20-Pin DIPs and 20-Terminal Surface 
Mount Packages 


GENERAL DESCRIPTION 

The AD7228 contains eight 8-bit voltage-mode digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the eight D/A 
converters. Data is transferred into the data latches through a 
common 8-bit TTL/CMOS (5V) compatible input port. Address 
inpu ts AO, A1 and A2 determine which latch is loaded when 
WR goes low. The control logic is speed compatible with most 
8-bit microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2 to + 10V when using dual supplies. The part is also 
specified for single supply operation using a reference of + 10V. 
Each output buffer amplifier is capable of developing + 10V 
across a 2kO load. 

The AD7228 is fabricated on an all ion-implanted, high-speed, 
Linear Compatible CMOS (LC 2 MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuits on the same chip. 


AD7228 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1 . Eight DACs and Amplifiers in Small Package: 

The single-chip design of eight 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one side of the package and all digital 
inputs at the other. 

2. Single or Dual Supply Operation: 

The voltage-mode configuration of the DACs allows single 
supply operation of the AD7228. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

3. Microprocessor Compatibility: 

The AD7228 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered and speed compatible with most high- 
performance 8-bit microprocessors. 
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SPECIFICATIONS 


nilAI CIIDDI V (V "> = 10W 10 16W: Vss = -5V ±10%: GN0 = W: V = +2V to + 10V*; 

UUftL Our r LT Rl = 2kft, C L = lOOpF unless otherwise stated.) All specifications T™, to T msBt unless otherwise noted. 


Parameter 

K,B 

Versions 2 

L,C 

Versions 

T Version 

U Version 

Units 

Conditions/Comments 

STATIC PERFORMANCE 







Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 3 

±2 

±1 

±2 

±1 

LSB max 

V DD = + 15 V ± 10%, Vref = + 10V 

Relative Accuracy 

±1 

±1/2 

±1 

±1/2 

LSB max 


Differential Nonlinearity 

±1 

± 1 

±1 

±1 

LSB max 

Guaranteed Monotonic 

Full-Scale Error 4 

±1 

±1/2 

±1 

±1/2 

LSB max 

Typical tempco is 5ppm/°C with Vre F = + 10V 

Zero Code Error 







@25°C 

±25 

±15 

±25 

±15 

mV max 

Typical tempco is 30p,V/°C 

TmintoTmax 

±30 

±20 

±30 

±20 

mV max 


Minimum Load Resistance 

2 

2 

2 

2 

kflmin 

Vout = + 10V 

REFERENCE INPUT 







Voltage Range 1 

2 to 10 

2 to 10 

2 to 10 

2 to 10 

VmintoVma* 


Input Resistance 

2 

2 

2 

2 

kflmin 


Input Capacitance 5 

500 

500 

500 

500 

pF max 

Occurs when each DAC is loaded with all Is. 

AC Feedthrough 

-70 

-70 

-70 

-70 

dB typ 

Vref = 8V p-p Sine Wave @ 10kHz/ 

DIGITAL INPUTS 







Input High Voltage, Vinh 

2.4 

2.4 

2.4 

2.4 

V min 


Input Low Voltage, V rNL 

0.8 

0.8 

0.8 

0.8 

V max 


Input Leakage Current 

± 1 

±1 

-±_ i 

± 1 

p,A max 

V IN = 0VorV DD 

Input Capacitance 5 

8 

8 

8 

8 

pF max 


Input Coding 

Binary 

Binary 

Binary 

Binary 



DYNAMIC PERFORMANCE 5 







Voltage Output Slew Rate 

2 

2 

2 

2 

V/|Asmin 


Voltage Output Settling Time 







Positive Full-Scale Change 

5 

5 

5 

5 

|xs max 

Vref = + 10V; Setding Time to ± 1/2LSB 

Negative Full-Scale Change 

5 

5 

5 

5 

fxs max 

Vref = + 10V; Setding Time to ± 1/2LSB 

Digital Feedthrough 

50 

50 

50 

50 

n V secs typ 

Code transition all 0s to all Is. V REF = 0V ; WR = V DD 

Digital Crosstalk 6 

50 

50 

50 

50 

nVsecs typ 

Code transition all 0s to all Is. V RE f = + 10V; WR = 0V 

POWER SUPPLIES 







V DD Range 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

Vmin/Vmax 

For Specified Performance 

V ss Range 

— 4.5/ — 5.5 

-4.5/ -5.5 

— 4.5/ — 5.5 

-4.S/-5.5 

V min/V max 

For Specified Performance 

Idd 






Outputs Unloaded; Vin = Vinl or Vinh 

(o'25°C 

16 

16 

16 

16 

mA max 


TmintoT^ 

20 

20 

22 

22 

mA max 


Iss 






Outputs Unloaded; Vi N = Vinl or Vinh 

(w2S° 

14 

14 

14 

14 

mA max 


T min tO Tmax 

18 

18 

20 

20 

mA max 



CIMPI C CIIDDI v7 (V '» = +15V ±,0% ’ v ss = SND = (MW = +10V;R l = 2kn,C t =100pF 
OllluLL oUriLT unless otherwise stated.) Alt specifications T„*, to I™, unless otherwise noted. 


STATIC PERFORMANCE 
Resolution 

Total Unadjusted Error 3 
Differential Nonlinearity 
Minimum Load Resistance 

8 

±2 

±1 

2 

8 

±1 

±1 

2 

8 

±2 

2 

8 

2 

Bits 

LSB max 
LSB max 
kflmin 

Guaranteed Monotonic 

V OUT = + 10V 

REFERENCE INPUT 







Input Resistance 

2 

2 

2 

2 

kflmin 


Input Capacitance 5 

500 

500 

500 

500 

pF max 

Occurs when each DAC is loaded with all Is. 

DIGITAL INPUTS 

1 As per Dual Supply Specifications 

DYNAMIC PERFORMANCE 5 







Voltage Output Slew Rate 

2 

2 



V/|xs min 


Voltage Output Settling Time 



• '■ . : 

mBHHH 



Positive Full-Scale Change 

5 

5 


■ _ ' . 

(jls max 

Settling Time to ± 1/2LSB 

Negative Full-Scale Change 

7 




ps max 

Settling Time to ± 1/2LSB 

Digital Feedthrough 





nV secs typ 

Code transition all 0s to all Is. V REF = 0V ; WR = V DD 

Digital Crosstalk 6 

50 

EM 


EflU 

nVsecs typ 

Code transition all 0s to all Is. Vref = + 10V ; WR = 0V. 

POWER SUPPLIES 







V DD Range 

13.5/16.5 

13.5/16.5 

13.5/16.5 

13.5/16.5 

Vmin/Vmax 

For Specified Performance 

Idd 






Outputs Unloaded ; Vin = V inl or V inh 

@25°C 

16 

16 

16 

16 

mA max 


TmintoTmax 

20 

20 

22 

22 

mA max 



3 Total Unadjusted Error includes zero code error, relative accuracy and full-scale error. Specifications subject to 
4 Calculated after zero code error has been adjusted out. change without notice. 

5 Sample tested at 25°C to ensure compliance. 

^he glitch impulse transferred to the output of one converter (not addressed) 
due to a change in the digital input code to another addressed converter. 

7 Single + 5V operation is also possible with degraded performance (see Figure 14). 


NOTES 

*Vout must be less than V DD by 3.5V to ensure correct operation. 
2 Temperature ranges are as follows: 

K, L Versions; 0 to + 70°C 
B, C Versions; -25°C to + 85°C 
T, U Versions; -55°C to + 125°C 
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AD7228 


SWITCHING CHARACTERISTICS 1 ’ 2 (See Figures 1, 2; V ro = + 10.8V to + 16.5V; V s = PV or - 5V ± 10%) 


Parameters 

Limit at 25°C 
All Grades 

Limit at T^jT^ 
(K,L,B,C Grades) 

Limit at T^, T ma * 
(T, U Grades) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

Address to WR Setup Time 

t 2 

0 

0 

0 

ns min 

Address to WR Hold Time 

t 3 

70 

90 

100 

ns min 

Data Valid to WR Setup Time 

U 

10 

10 

10 

ns min 

Data Valid to WR Hold Time 

t 5 

95 

120 

150 

ns min 

Write Pulse Width 

NOTES 


'Sample tested at 25°C to ensure compliance. All input rise and fall times measured from 10% to 90% of + 5V, t R = t F = 5ns. 
2 Timing measurement reference level is y iNH + V INL 


2 


INTERFACE LOGIC INFORMATION 

Address lines AO, A1 and A2 select which DAC accepts data 
from the input port. Table J shows the selection table for the 
eight DACs with Figure 1 showing the input control logic. 
When the WR signal is low, the input latch of the selected 
DAC is transparent, and its output responds to activity on the 
data bus. The data is latched into the addressed DAC latch on 
the rising edge of WR. While WR is high, the analog outputs 
remain at the value corresponding to the data held in their 
respective latches. 


AD7228 Control Inputs 

WR A2 A1 A0 

AD7228 

Operation 

H 

X 

X 

X 

No Operation 





Device Not Selected 

L 

L 

L 

L 

DAC 1 Transparent 

f 

L 

L 

L 

DAC 1 Latched 

L 

L 

L 

H 

DAC 2 Transparent 

L 

L 

H 

L 

DAC 3 Transparent 

L 

L 

H 

H 

DAC 4 T ransparent 

L 

H 

L 

L 

DAC 5 Transparent 

L 

H 

L 

H 

DAC 6 T ransparent 

L 

H 

H 

L 

DAC 7 Transparent 

L 

H 

H 

H 

DAC 8 Transparent 


H = High State L = Low State X = Don’t Care 


Table I. AD7 228 Truth Table 



TO DAC 1 LATCH 
TO DAC 2 LATCH 
TO DAC 3 LATCH 
TO DAC 4 LATCH 
TO DAC 5 LATCH 
TO DAC 6 LATCH 
TO DAC 7 LATCH 
TO DAC 8 LATCH 


Figure 1. Input Control Logic 


ADDRESS 


WR 


DATA 


-I >, h -M - 

XHZXKZ 





5V 

ov 

5V 

OV 

5V 

OV 


NOTE: 

THE SELECTED INPUT LATCH IS TRANSPARENT WHILE WR IS LOW, 

THUS INVALID DATA DURING THIS TIME CAN CAUSE SPURIOUS OUTPUTS 

Figure 2. Write Cycle Timing Diagram 


ABSOLUTE MAXIMUM RATINGS* 

V DD to GND -0.3V, + 17V 

V DD to V ss -0.3V, + 24V 

Digital Input Voltage to GND -0.3V, V D d +0.3V 

Vref to GND -0.3V, V DD + 0.3V 

Vout to GND 1 V ss , Vdd 

Power Dissipation (Any Package) to + 75°C lOOOmW 

Derates above 75°C by 2.0mW/C 

Operating Temperature 

Commercial 0 to + 70°C 

Industrial - 25°C to + 85°C 

Extended - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


NOTE 

'Outputs may be shorted to any voltage in the range V S s to V DD provided 
that the power dissipation of the package is not exceeded. Typical short 
circuit current for a short to GND or V S s is 50mA. 


♦Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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PIN CONFIGURATIONS 



DIP 


Vdd|T~ 

• 

ITj AO 

V0UT8 | 2 


23] A1 

VouT7 | 3 


22] A2 

Vout8 | 4 


Tj WR 

Vqutb [~5~ 


2o| DBO 

VoUT4 1 6 

AD7228 

TOP VIEW 

T] DB1 

VoUT3 1 7 

(Not to Scale) 

JjTj DB2 

V 0 UT2 I 3 


TT | PB3 

VoUTI IT 


T] DB4 

VssIT 


T} DB5 

Vref (~n~ 


iT] DB6 

GND |~~12~ 


T| DB7 ( 


LCCC 



[25 WR 
[ 24 DBO 
^ 23 DB1 
^ 22 NC 
C 21 DB2 
C 20 DB3 
: 19 DB4 


PLCC 

j J > 2 5 < 3 

niRirzirnrzaifzTifzsi 



NC = NO CONNECT 


NC = NO CONNECT 


(i£JLi£l luJ Ii^JLilI LizJ Li^J 
>* J 1 * s i 1 


ORDERING INFORMATION 1 


Total 

1 



Unadjusted 

| Temperature Range and Package Options 2 

Error (LSB) 

Oto +70°C 

— 25°C to + 85°C 

-55°Cto+125°C 


Plastic DIP (N-24) 

Hermetic (Q-24) 

Hermetic (Q-24) 

±2 

AD7228KN 

AD7228BQ 

AD7228TQ 

±1 

AD7228LN 

AD7228CQ 

AD7228UQ 


PLCC 3 (P-28A) 


LCCC 4 (E-28A) 

±2 

AD7228KP 


AD7228TE 

±1 

AD7228LP 


AD7228UE 


NOTE 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing #5962-88663. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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TUMUHnMUM 




AD7228 


CIRCUIT INFORMATION 
D/A SECTION 

The AD7228 contains eight identical, 8-bit, voltage-mode digital- 
to-analog converters. The output voltages from the converters 
have the same polarity as the reference voltage, allowing single 
supply operation. A novel DAC switch pair arrangement on the 
AD7228 allows a reference voltage range from + 2V to + 10V. 
Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high-speed NMOS switches. The simplified circuit 
diagram for one channel is shown in Figure 3. Note that Vref 
(Pin 11) and GND (Pin 12) are common to all eight DACs. 



Figure 3. D/A Simplified Circuit Diagram 
The input impedance at the Vref pin of the AD7228 is the 
parallel combination of the eight individual DAC reference 
input impedances. It is code dependent and can vary from 2kO 
to infinity. The lowest input impedance occurs when all eight 
DACs are loaded with digital code 01010101. Therefore, it is 
important that the external reference source presents a low 
output impedance to the Vref terminal of the AD7228 under 
changing load conditions. Due to transient currents at the reference 
input during digital code changes a 0.1 pF (or greater) decoupling 
capacitor is recommended on the Vref input for dc applications. 
The nodal capacitance at the reference terminal is also code 
dependent and typically varies from 120pF to 350pF. 

Each Vout pin can be considered as a digitally programmable 
voltage source with an output voltage: 

Voutn = D n . Vref 

where D N is a fractional representation of the digital 

input code and can vary from 0 to 255/256. 

The output impedance is that of the output buffer amplifier as 
described in the following section. 

OP AMP SECTION 

Each voltage-mode D/A converter output is buffered by a unity 
gain noninverting CMOS amplifier. This buffer amplifier is 
tested with a 2kO and lOOpF load but will typically drive a 2kH 
and 500pF load. 

The AD7228 can be operated single or dual supply. Operating 
the part from single or dual supplies has no effect on the positive- 
going settling time. However, the negative-going settling time to 
voltages near 0V in single supply will be slightly longer than the 
settling time for dual supply operation. Additionally, to ensure 
that the output voltage can go to 0V in single supply, a transistor 
on the output acts as a passive pull-down as the output voltage 
nears 0V. As a result, the sink capability of the amplifier is 
reduced as the output voltage nears 0V in single supply. In dual 
supply operation, the full sink capability of 400 fiA at 25°C is 
maintained over the entire output voltage range. The single 
supply output sink capability is shown in Figure 4. The negative 
Vss also gives improved output amplifier performance allowing 
an extended input reference voltage range and giving improved 
slew rate at the output. 



OUTPUT VOLTAGE - VOLTS 

Figure 4. Single Supply Sink Current 
The output broadband noise from the amplifier is 300 pV peak-to- 
peak. Figure 5 shows a plot of noise spectral density versus 
frequency. 



50 100 200 500 Ik 2k 5k 10k 20k 50k 100k 200k 500k 

FREQUENCY - Hi 


Figure 5. Noise Spectral Density vs. Frequency 

DIGITAL INPUTS 

The AD7228 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by on-chip distributed diodes. 

SUPPLY CURRENT 

The AD7228 has a maximum Idd specification of 22mA and a 
maximum I S s of 20mA over the - 55°C to + 125°C temperature 
range. This maximum current specification is actually determined 
by the current at - 55°C. Figure 6 shows a typical plot of power 
supply current versus temperature. 



-60 -40 -20 0 20 40 60 80 100 120 140 


TEMPERATURE - °C 

Figure 6. Power Supply Current vs. Temperature 
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APPLYING THE AD7228 
UNIPOLAR OUTPUT OPERATION 


This is the basic mode of operation for each channel of the 
AD7228, with the output voltage having the same positive polarity 
as Vref- Connections for unipolar output operation are shown 
in Figure 7. The AD7228 can be operated from single or dual 
supplies as outlined earlier. The voltage at the reference input 
must never be negative with respect to GND. Failure to observe 
this precaution may cause parasitic transistor action and possible 
device destruction. The code table for unipolar output operation 
is shown in Table II. + i? V To + mv 



Figure 7. Unipolar Output Circuit 



Figure 8. Bipolar Output Circuit 

where Di is a fractional representation of the digital word in 
latch 1 of the AD7228. (0 *£ Dj 255/256) 

Mismatch between R1 and R2 causes gain and offset errors, and 
therefore, these resistors must match and track over temperature. 
Once again, the AD7228 can be operated from single supply or 
from dual supplies. Table III shows the digital code versus 
output voltage relationship for the circuit of Figure 8 with 
R1 = R2. 


DAC Latch Contents 
MSB LSB 

Analog Output 

1111 

1111 

+V REF ( 

' 127 \ 

' 128 > 

10 0 0 

000 1 

+ Vref ( 

' 128 1 

10 0 0 

00 00 

ov 

0 111 

1111 

~ Vref ( 

loo 

Ha 

0000 

000 1 

~ Vref ( 

127 ) 

' 128 ' 

0000 

0000 

1 

“Vref ( 

b. 

W 

c£ 

> 

1 

II 

OOIOO 

rvjjfN 


DAC Latch Contents j 



MSB 

LSB 

| Analog Output 

1111 

1111 

+ Vref 

(255) 

1000 

000 1 

+ Vref 

(129) 

v 256 / 

1000 

000 0 

+ Vref 

/ 128 \ Vr EF 

v 256 7 h 2 

0 111 

1111 

+v REF 

(IS) 

0000 

000 1 

+ Vref 

(A) 

0000 

000 0 


OV 


Note: 1LSB = (V ref) ( 2 j ) = V REE ( ^ ) 


Table II. Unipolar Code Table 

BIPOLAR OUTPUT OPERATION 

Each of the DACs on the AD7228 can be individually configured 
for bipolar output operation. This is possible using one external 
amplifier and two resistors per channel. Figure 8 shows a circuit 
used to implement offset binary coding (bipolar operation) with 
DAC 1 of the AD7228. In this case 

V OUT = (i + If) • (D. • Vref) - (If) • (Vref) 

With R1 = R2 

Vout = (2D, - 1) • (Vref) 


Table III. Bipolar Code Table 
AC REFERENCE SIGNAL 

In some applications it may be desirable to have an ac signal 
applied as the reference input to the AD7228. The AD7228 has 
multiplying capability within the upper ( + 10V) and lower ( + 2V) 
limits of reference voltage when operated with dual supplies. 
Therefore, ac signals need to be ac coupled and biased up before 
being applied to the reference input. Figure 9 shows a sine- wave 
signal applied to the reference input of the AD7228. For input 
frequencies up to 50kHz, the output distortion typically remains 
less than 0.1%. The typical 3dB bandwidth for small signal 
inputs is 800kHz. 
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Applications - AD7228 


TIMING DESKEW 

A common problem in ATE applications is the slowing or 
“rounding-off’ of signal edges by the time they reach the pin-driver 
circuitry. This problem can easily be overcome by “squaring-up” 
the edge at the pin-driver. However, since each edge will not 
have been “rounded-off’ by the same extent, this “squaring-up” 
could lead to incorrect timing relationship between signals. This 
effect is shown in Figure 10a. 

The circuit of Figure 10b shows how two DACs of the AD7228 
can help in overcoming this problem. The same two signals are 
applied to this circuit as were applied in Figure 10b. The output 
of each DAC is applied to one input of a high-speed comparator, 
and the signals are applied to the other inputs. Varying the 
output voltage of the DAC effectively varies the trigger point at 
which the comparator flips. Thus the timing relationship between 
the two signals can be programmably corrected (or deskewed) 
by varying the code to the DAC of the AD7228. In a typical 
application, the code is loaded to the DACs for correct timing 
relationships during the calibration cycle of the instrument. 



Figure 10a. Time Skewing Due to Slowing of Edges 

POSITION OF THIS EDGE 



COARSE/FINE ADJUST 

The DACs on the AD7228 can be paired together to form a 
coarse/fine adjust function as indicated in Figure 11. The function 
is achieved using one external op amp and a few resistors per 
pair of DACs. 

DAC1 is the most significant or coarse DAC. Data is first loaded 
to this DAC to coarsely set the output voltage. DAC2 is then 
used to fine tune this output voltage. Varying the ratio of R1 to 
R2 varies the relative effect of the coarse and fine DACs on the 
output voltage. For the resistor values shown, DAC2 has a 
resolution of 150p,V in a 10V output range. Since each DAC on 
the AD7228 is guaranteed monotonic, the coarse adjustment 
and fine adjustment are each monotonic. One application for 


this is as a set-point controller (see “Circuit Applications of the 
AD7226 Quad CMOS DAC” available from Analog Devices, 
Publication Number E873-15-1 1/84). 



Figure 11. Coarse/Fine Adjust Circuit 

SELF-PROGRAMMABLE REFERENCE 

The circuit of Figure 12 shows how one DAC of the AD7228, 
in this case DAC1, may be used in a feedback configuration to 
provide a programmable reference for itself and the other seven 
converters. The relationship of V RE f to is expressed by 

Vref = ' VlN where G = R2/R1 

Figure 13 shows typical plots of Vref versus digital code, Di, 
for three different values of G. With Vnsi = 2.5V and G = 3 the 
voltage at the output varies between 2.5V and 10V giving an 
effective 10-bit dynamic range to the other seven converters. 

For correct operation of the circuit, V S s should be - 5V and R1 
greater than 6.8kH. 



Figure 12. Self-Programmable Reference 



0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 255 

DIGITAL CODE - DECIMAL EQUIVALENT 

Figure 13. Variation of V REF with Feedback Configuration 
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5V SINGLE SUPPLY OPERATION 

The AD7228 can be operated from a single + 5V power supply 
resulting in only slightly degraded accuracy performance from 
the part. Figure 14 shows a typical plot of relative accuracy for 
the part with 5V Vdd and a reference voltage of + 1.23V. One 
important parameter which retains its specified performance is 
differential nonlinearity which remains within ± 1LSB ensuring 
that the DACs on the AD7228 remain monotonic over the output 
voltage range. 

The output transfer function sits on top of the amplifier offset 
voltage. Since the reference voltage is reduced, the offset voltage 
amounts to a few LSBs. For parts with a true negative offset 
(when Vss r - -5V), the transfer function does not move off the 
bottom rail for the first few LSBs of code. After this the transfer 
function will continue as normal. The relative accuracy plot of 
Figure 14 is for a part with a true positive offset. 

The required overhead voltage of 3.5V must be maintained 
between V DD and the reference voltage which limits the reference 
voltage range. However, operating the part from a single + 5V 


supply gives a considerable reduction in power dissipation (to 
typically 50m W). The digital input threshold levels and digital 
input currents are not affected by operating the part from the 
single + 5V supply. 


T a = 25°C 

_V do =+ 5V _ 
V ss = 0V 
V REF = + 1.23 V 


* 


128 

INPUT CODE 


Figure 14. Relative Accuracy at + 5VV DD 


MICROPROCESSOR INTERFACING 



1. FOR 808SA DATA BUS NEEDS TO BE DEMULTIPLEXED 

2. Z80 ONLY 


Figure 15. AD7228 to 8085A/Z80 Interface Figure 16. AD7228 to 6809/6502 Interface 


A23 

A1 

68008 

AS 

ADDRESS BUS J ^ 

ADDRESS 

. _ DECODE 

o en y—t 

^>T- 

AO 

A1 

A2 

WR 

AD7228* 

DB7 

DBO 

DTACK 

D7 

DO 



DATA BUS 

•ADDITIONAL PINS OMITTED FOR CLARITY 



Figure 1 7. AD7228 to 68008 Interface 


Figure 18. AD7228 to MCS-5 1 1nterface 
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ANALOG 

DEVICES 


LC 2 M0S 
Dual 12-Bit DACPORT 



FEATURES 

Complete Dual 12-Bit DAC Comprising 
Two 12-Bit CMOS DACs 
On-Chip Voltage Reference 
Output Amplifiers 
Reference Buffer Amplifiers 
Parallel Loading Structure: AD7247 
(8+4) Loading Structure: AD7237 
Single or Dual Supply Operation 
Low Power - 150 mW typ in Single Supply 


GENERAL DESCRIPTION 

The AD7237/AD7247 is a complete, dual, 12-bit, voltage output 
digital-to-analog converter with output amplifiers and Zener 
voltage reference on a monolithic CMOS chip. No external user 
trims are required to achieve full specified performance. 


AD7237 FUNCTIONAL BLOCK DIAGRAM 



DGND AGND V ss 


AD7247 FUNCTIONAL BLOCK DIAGRAM 


Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7247 accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD7237 has a double buffered interface structure and an 8-bit 
wide data bus with data loaded to the r espectiv e input latch in 
two write operations. An asynchronous LD AC signal on the 
AD7237 updates the DAC latches and analog outputs. 

A REF OUT/REF IN function is provided which means that 
the on-chip 5 V reference or an external reference can be used 
to supply the reference voltage for the part. For single supply 
operation, two output ranges of 0 to +5 V and 0 to + 10 V are 
available, while an additional ±5 V range is available with dual 
supplies. The output amplifiers are capable of developing + 10 V 
across a 2 kfl load to GND. 

The AD7237/AD7247 is fabricated in Linear Compatible CMOS 
(LC 2 MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin plastic and hermetic dual- 
in-line package (DIP) and are also packaged in a 28-terminal 
plastic leaded chip carrier (PLCC). 

DACPORT is a trademark of Analog Devices, Inc. 


V DO 



GND V ss 


PRODUCT HIGHLIGHTS 

1. The AD7237/AD7247 is a dual 12-bit DACPORT™ on a 
single chip. This single chip design offers considerable space 
saving and increased reliability over multichip designs. 


2. Between them the AD7237 and AD7247 offer a versatile 
interface arrangement to either 8-bit or 16-bit data bus 
structures. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CDmCIPATinMC (Vdd =+15 V ’ ±5% - v ss = 0 V or -15 V ±5%, AGND = DGND (GND) = 0 V, REF IN = +5 V, 
OrCUiriUAI lUliw R L = 2 MI, C L = 100 pF. All Specifications T min to T max unless otherwise noted.) 


Parameter 

h A 1 

K, B 

S 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 






Resolution 

12 

12 

12 

Bits 


Relative Accuracy 2 

±1 

±1/2 

±1 

LSB max 


Differential Nonlinearity 2 

±0.9 

±0.9 

±0.9 

LSB max 

Guaranteed Monotonic 

Unipolar Offset Error 2 

±3 

±3 

±5 

LSB max 

V S s = 0 V. DAC Latch Contents All 0s 

Bipolar Zero Error 2 

±4 

±4 

±6 

LSB max 

V ss = -15 V. DAC Latch Contents 

Full Scale Error 2 ’ 3 

±5 

±5 

±8 

LSB max 

1000 0000 0000 

REFERENCE OUTPUT 






REF OUT 

4.95/5.05 

4.95/5.05 

4.95/5.05 

V min /V max 


Reference Temperature Coefficient 

±25 

±25 

±30 

ppm/°C typ 


Reference Load Change 






(AREF OUT vs. AI) 

-1 

-1 

-1 

mV max 

Reference Load Current Change (0-100 |xA) 

REFERENCE INPUT 






Reference Input Range 



4.75/5.25 

V min/V max 

5 V ± 5% 

Input Current 



50 

jxA max 


DIGITAL INPUTS 






Input High Voltage, V INH 

2.4 

2.4 

2.4 

V min 

rW 

Input Low Voltage, V INL 

0.8 

0.8 

0.8 

V max a 

Input Current 

I IN (Data Inputs) 

±10 

±10 

f. 10 

jxA max 

V rN = 0 V to V DD 

I INH (Control Inputs) 4 

±10 

±10 * $| 

±10 

jju\ max 

Vin jT V DE> 

I INL (Control Inputs) 4 

±150 ^ 


±200 

jxA max 

V,N±0V 

Input Capacitance 5 (AD7247) 

8 

8 

h 9 ■ i 

pF max 


Input Capacitance 5 (AD7237) 

16 

1#" " 

16 

pF max 


ANALOG OUTPUTS 

Output Range Resistors 

15/30 00m 

15/30 

15/30 

kf^min/ 


Output Voltage Ranges 

+5, +10 j 

+5, + 10 

+*% + l8\ 

kfl max 

v- \r 

Vss = 0 V. Pin Strappable 

Output Voltage Ranges 

+5, +10, ±5 

+5, +10, ±S] 

±5, +10, ±5 

V* 

V ss =-15 V. Pin Strappable 

DC Output Impedance 

0.5 

0.5 

0.5 

Cl typ 


Short Circuit Current 

40 

40 

. 

40 

mA typ 


AC CHARACTERISTICS 5 






Voltage Output Settling Time 
Positive Full Scale Change 

5 

5 

5 

fxs max 

Settling Time to Within ± 1/2 LSB of Final Value 
Typically 3 |xs. DAC Latch All 0s to all Is 

Negative Full Scale Change 

10 

10 

10 

|xs max 

Typically 5 |xs. DAC Latch All Is to All 0s 

Negative Full Scale Change 

10 

10 

10 

fxs typ 

V ss = -15 V 

DAC Latch All Is to All 0s. V ss = 0V 

Digital-to-Analog Glitch Impulse 2 

30 

30 

30 

nV secs typ 


Digital Feedthrough 2 

10 

10 

10 

nV secs typ 


Digital Crosstalk 2 

30 

30 

30 

nV secs typ 


POWER REQUIREMENTS 



1 



Vdd 

+ 15 

+ 15 

+ 15 

V nom 

±5% for Specified Performance Unless Otherwise Stated 

V ss (Dual Supplies) 

-15 

-15 

-15 

V nom 

±5% for Specified Performance Unless Otherwise Stated 

Idd 

18 

18 

18 

mA max 

Output Unloaded. Typically 10 mA 

I ss (Dual Supplies) 

I 1 

8 

8 

mA max 

Output Unloaded. Typically 5 mA 


NOTES 

temperature ranges are as follows: J, K Versions, -40°C to +85°C; A, B Versions, -40°C to +85°C; S Version, -55°C to + 125°C. 
2 See Terminology. 

3 Measured with respect to REF IN a nd i ncludes unipolar/bipolar offse t error. 

4 Control inputs are AO, Al, CS, WR and LDAC for the AD7237 and CSA, CSB and WR for the AD7247. 

5 Sample tested @+25°C to ensure compliance. 

Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7237/AD7247 


TIMING CHARACTERISTICS' 2 


(V DD = +15 V, ±5%; V ss = 0 V or -15 V, ±5%) 


Parameter 

Limit at T min , T m „ 

(J, K, A, B Versions) 

Limit at T min , T max 
(S Version) 

Units 

Conditions/Comments 

t x 

0 

0 

ns min 

CS to WR Setup Time 

t 2 

0 

0 

ns min 

CS to WR Hold Time 

t 3 

100 

no 

ns min 

WR Pulse Width 

*4 

130 

150 

ns min 

Data Valid to WR Setup Time 

t 5 

10 

15 

ns min 

Data Valid to WR Hold Time 


0 

0 

ns min 

Address to WR Setup Time 

t 7 3 

0 

0 

ns min 

Address to WR Hold Time 

t 8 3 

100 

100 

ns min 

LDAC Pulse Width 


NOTES 

‘Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) 
and timed from a voltage level of 1 .6 V. 

2 See Figures 3 and 5. 

3 AD7237 Only. 


ABSOLUTE MAXIMUM RATINGS* 

(T a = +25°C unless otherwise stated) 

V DD to GND (AD7247) .-0.3 V to +17 V 

V DD to AGND, DGND (AD7237) -0.3 V to +17 V 

V DD to V ss A , * ..... .-0.3 V to +34 V 

AGND to DGND (AD7237) . .-0.3 V , V DD +0*3 V 

Vquta, Voutb to AGND (GND). .V ss -0.3 V to V DD +0.3 t 

REF OUT 1 to AGND (GND) .0 V to V DD 

REF IN to AGND (GND) .-0.3 V to V DD +0.3 V 

Digital Inputs to DGND (GND) .... -0.3 V to V DD +0.3 V 
Operating Temperature Range 

Commercial (J, K Versions) -40°C to +85°C 

Industrial (A, B Versions) -40°C to +85°C 

Extended (S Version) -55°C to +125°C 


Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 10 secs) + 300°C 

Power Dissipation (Any Package) to +75°C 1000 mW 

Derates above +75°C by 10 mW/°C 

NOTE 


‘The output may be shorted to voltages in this range provided the power dis- 
sipation of the package is not exceeded. 

^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


AD7237 ORDERING INFORMATION 1 


Relative 

Accuracy 

(LSB) 

Temperature Range and Package Options 2 

— 40°C to +85°C 

-40°C to +85°C 

-55°C to +125°C 

±1 max 
± 1/2 max 

Plastic DIP (N-24) 

AD7237JN 

AD7237KN 

Hermetic DIP (Q-24) 

AD7237AQ 

AD7237BQ 

Hermetic DIP (Q-24) 

AD7237SQ 3 

±1 max 
± 1/2 max 

PLCC (P-28A) 4 

AD7237JP 

AD7247KP 




NOTES 

*To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

Available to /883 processing only. 

4 PLCC: Plastic Leaded Chip Carrier. 


AD7247 ORDERING INFORMATION 1 


Relative 

Accuracy 

(LSB) 

[ Temperature Range and Package Options 2 

-40°C to +85°C 

-40°C to +85°C 

— 55°C to +125°C 

±1 max 
± 1/2 max 

Plastic DIP (N-24) 

AD7247JN 

AD7247KN 

Hermetic DIP (Q-24) 
AD7247AQ 

AD7247BQ 

Hermetic DIP (Q-24) 

AD7247SQ 3 

B 

PLCC (P-28A) 4 

AD7247JP 

AD7247KP 




NOTES 

‘To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

Available to /883 processing only. 

4 PLCC: Plastic Leaded Chip Carrier. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed . 



This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TERMINOLOGY 

RELATIVE ACCURACY (LINEARITY) 

Relative Accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func- 
tion. It is measured after allowing for zero and full scale errors 
and is expressed in LSBs or as a percentage of full scale reading. 

DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ±0.9 LSB max 
over the operating temperature range ensures monotonicity. 

SINGLE SUPPLY LINEARITY AND GAIN ERROR 

The output amplifiers of the AD7237/AD7247 can have true 
negative offsets even when the part is operated from a single 
+ 15 V supply. However, because the negative supply rail (V ss ) 
is 0 V, the output cannot actually go negative. Instead, when 
the output voltage is less than the (negative) offset voltage, the 
output voltage sits at 0 V, resulting in the transfer function 
shown in Figure 1. This “knee” is an offset effect, not a linear- 
ity error, and the transfer function would have followed the dot- 
ted line if the output voltage could have gone negative. 


in the unipolar mode is measured between full scale and the 
lowest code which is guaranteed to produce a positive output 
voltage. This code is calculated from the maximum specification 
for negative offset. For the J, A, K, B versions, the linearity is 
measured between Codes 3 and 4095. For the S grade, linearity 
is measured between Code 5 and Code 4095. 

UNIPOLAR OFFSET ERROR 

Unipolar Offset Error is the measured output voltage from 
Vouta or V 0 utb with ah zeros loaded into the DAC latches 
when the DACs are configured for unipolar output. It is a com- 
bination of the offset errors of the DAC and output amplifier. 

BIPOLAR ZERO ERROR 

Bipolar Zero Error is the voltage measured at V OUTA or V 0 utb 
when the DAC is connected in the bipolar mode and loaded 
with code 2048. It is due to a combination of offset errors in the 
DAC, amplifier offset and mismatch in the application resistors 
around the amplifier. 





OFFSET ^ 


Figure 1. Effect of Negative Offset ( Single Supply) 

Normally, linearity is measured between zero (all Os input code) 
and full scale (all Is input code) after offset and full scale have 
been adjusted out or allowed for, but this is not possible in sin- 
gle supply operation if the offset is negative, due to the knee in 
the transfer function. Instead, linearity of the AD7237/AD7247 


FULL SCALE ERROR 

Full Scale Error is a measure of the output error when the 
amplifier output is at full scale (for the bipolar output range full 
scale is either positive or negative full scale). It is measured with 
respect to the reference input voltage and includes the offset 
^ kirors. 

rITAL FEEDTHROUGH 

* Feedthrough is the glitch impulse injected for the digital 
Inputs to the analog output when the data inputs change state, 
but the data in the DAC latches is not changed. 

the AD7237 it is measur ed w ith LDAC held high. For the 
►7247 it is measured with CSA and CSB held high. 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse transferred to the output 
of one converter due to a change in digital code to the DAC 
latch of the other converter. It is specified in nV secs. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

This is the voltage spike that appears at the output of the DAC 
when the digital code changes before the output settles to its 
final value. The energy in the glitch is specified in nV secs and 
is measured for a 1 LSB change around the major carry transi- 
tion (01 1 1 1 1 1 1 1 1 1 1 to 1000 0000 0000). 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7237/AD7247 

AD7247 PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 

Pin 

Mnemonic 

Description 

1 

REF OUT 

Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the 
part with internal reference, REF OUT should be connected to REF IN. 

2 

Rofsb 

Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It is con- 
nected to V OUXB for the +5 V range, to GND for the + 10 V range and to REF IN for the ±5 V 
range. 

3 

VoUTB 

Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different 
output voltage ranges can be chosen: 0 to +5 V, 0 to + 10 V and ± 5 V. The amplifier is capable of 
developing +10 V across a 2 kfl resistor to GND. 

4 

DB11 

Data Bit 11 (MSB). 

5 

DB10 

Data Bit 10. 

6 

GND 

Ground. Ground reference for all on-chip circuitry. 

7-15 

DB9-DB1 

Data Bit 9 to Data Bit 1 . 

16 

DBO 

Data Bit 0 (LSB). i' 

17 

CSB 

Chip Select Input for DAC B. Active low logic input. DAC B is selected when this input is active. 

18 

CSA 

Chip Select Input for DAC A. Active low logic input, 0AC A is selected when this input is active. 

19 

WR 

Write Input. WR is an active low logic input which is used in conjunction with CSA and CSB to 
write data to the DAC latches. 

20 

Vdd 

Positive Supply, + 15 V. 

21 

VoUTA 

Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different 
output voltage ranges can be chosen? 0 to +5 V, 0 to +10 V and ±5 V. The amplifier is capable of 
developing + 10 V across a 2 kfl resistor to GND. 

22 

V ss 

Negative Supply, -15 V. 

23 

Rofsa 

Output Offset Resistor for DAC JPfnis input configures the output ranges for DAC A. It is con- 
nected to Vquta f° r the +5 V range, to GND for the + 10 V range and to REF IN for the ±5 V 
range. 

24 

REF IN 

Voltage Reference Input. The common reference voltage for both DACs is applied to this pin. It is 
internally buffered before being applied to both DACs. The nominal reference voltage for correct 
operation of the AD7247 is 5 V. 


AD7247 PIN CONFIGURATIONS 

DIP PLCC 


REF OUT 
Rofsb 
VoilTB 
DB11 
DB10 
GND 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 


E 

• 

24] REF IN 

E 


23 1 Rofsa 

E 


El Vss 

E 


TT| v OUTA 

E 


*20~| V DD 

E 

AD7247 

T[] WR 

E 

TOP VIEW 
(Not to Scale) 

jTj CSA 

E 


TT| CSB 

E 


Ts] DBO 

E 


tF| DB1 

E 


TT] DB2 

E 


Ti~| DB3 



This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7237 PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 


Pin 

Mnemonic 

Description 

1 

REF INA 

Voltage Reference Input for DAC A. The reference voltage for DAC A is applied to this 
pin. It is internally buffered before being applied to the DAC. The nominal reference volt- 
age for correct operation of the AD7237 is 5 V. 

2 

REF OUT 

Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To 
operate the part with internal reference REF OUT should be connected to REF INA, REF 

INB. 

3 

REF INB 

Voltage Reference Input for DAC B. The reference voltage for DAC B is applied to this 
pin. It is internally buffered before being applied to the DAC. The nominal reference volt- 
age for correct operation of the AD7237 is 5 V. 

4 

B'Ofsb 

Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It 
is connected to V OUTB for the +5 V range, to AGND for the +10 V range and to REF 

INB for the ±5 V range. 

5 

VoiJTB 

Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three dif- 
ferent output voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and ±5 V. The ampli- 
fier is capable of developing +10 V across a 2 kfl resistor to GND. 

6 

AGND 

Analog Ground. Ground reference for DACs, reference and output buffer amplifiers. 

7 

DB7 

Data Bit 7. 

8-10 

DB6-DB4 

Data Bit 6 to Data Bit 4. .. 

11 

DB3 

Data Bit 3/Data Bit 11 (MSB). 

* 

Digital Ground. Ground reference for digital circuitry. 

12 

DGND 

13 

DB2 

Data Bit 2/Data Bit 10. ^ §1 » §F% * 

14 

DB1 

Data Bit 1/Data Bit 9. ® ® * |ik 1j| 

Data Bit 0 (LSB)/Data Bit 8. 

15 

DBO 

16 

AO 

Address Input. Least significant address input for input latches. A0 and A1 select which of 
the four input latches data is written to (see Table II). 

17 

A1 

Address Input. Most significant address input for input latches. 

18 

CS 

Chip Select. Active low logic input. The device is selected when this input is active. 

19 

WR 

Write Input. WR is an active low logic inp^iirficlils used in conjunction with CS, A0 and 

A1 to write data to the input latches. 

20 

LDAC 

Load DAC. Logic input. A new word is loaded into the DAC latches from the respective 
input latches on the falling edge of this signal. 

21 

v DD 

Positive Supply, +15 V. 

22 

VoUTA 

Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three 
different output voltage ranges can be chosen: 0 to +5 V, 0 to +10 V and ±5 V. The 
amplifier is capable of developing +10 V across a 2 kfl resistor to GND. 

23 

Vss 

Negative Supply, -15 V. 

24 

Bqfsa 

Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It 
is connected to V OUTA for the +5 V range, to AGND for the +10 V range and to REF 

INA for the ±5 V range. 


DIP 


AD7237 PIN CONFIGURATIONS 


PLCC 


REF INA [T 

• 

13 R °fsa 

REF OUT [T 


23~) V ss 

REF INB [T 


22~| VquTA 

Rofsb I 4 


IT] v DD 

v ~™d 


To] LDAC 

AGND flT 
DB7 [T 

AD7237 

TOP VIEW 
(Not to Scale) 

~!9~j WR 

TTj cs 

DB6 [~8~ 


rT] ai 

DB5 [~9~ 


TT] A0 

PB4 fuT 


~15~| DBO 

DB3pn~ 


TT] DB1 

DGND fiT 


iTj DB2 



This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7237/AD7247 


INTERFACE LOGIC INFORMATION - AD7247 

Table I shows the truth table for AD7247 operation. The part 
contains a single, parallel 12-bit latch for each DAC. It_can be 
treated as two i ndep endent DAC s, e ach w ith its own CS input 
and a common WR input. CS A and WR con trol the loading of 
data to the DAC A latc h wh ile C SB a nd WR control the loadi ng 
of the DAC B latch. If CSA and CSB are both low, with WR 
low, the same data will be written to both DAC latches. All con- 
trol signals are level triggered and therefore either or both 
latches can be made transparent. Inp ut da ta is latched to the 
respective latch on the rising edge of WR. Figure 2 shows the 
input control logic for the AD7247, while the write cycle timing 
diagram for the part is shown in Figure 3. 


CSA 

CSB 

WR 

Function 

X 

X 

1 

No Data Transfer 

1 

1 

X 

No Data Transfer 

0 

1 

0 

DAC A Latch Transparent 

1 

0 

0 

DACB Latch Transparent 

0 

0 

0 

Both DAC Latches Transparent 


X = Don’t Care. 


Table I. AD7247 Truth Table 


-d DAC B LATCH 



DAC A LATCH 



INTERFACE LOGIC INFORMATION - AD7237 

The input loading structure on the AD7237 is configured for 
interfacing to microprocessors with an 8-bit- wide data bus. The 
part contains two 12-bit latches per DAC - an input latch and a 
DAC latch. Each input latch is further subdivided into a least 
significant 8-bit latch and a most significant 4-bit latch. Only 
the data held in the DAC latches determines the outputs from 
the part. The input control logic for the AD7237 is shown in 
Figure 4, while the write cycle timing diagram is shown in 
Figure 5. 

CS, WR, AO and A1 control the loading of data to the input 
latches. The eight data inputs accept right-justified data. Data 
can be loade d to the input latches in any sequence. Provided 
that LDAC is held high, there is no analog output change as a 
result of loading data to the input latches. Address lines AO and 
A1 determine which latch data is loaded to when CS and WR 
are low. The selection of the input latches is shown in the truth 
table for AD7237 operation in Table II. 

The LDAC input controls the transfer of 12-bit data from the 
input latches to the DAC latches. Both DAC latches, and hence 
both analog outputs, are updated at the same time. The LDAC 
signal is level trigger ed and d ata is latched into the DAC latch 
on the rising edge o f LD AC. The LDAC input is asynchronous 
and independent of WR. This is useful in many applications 
especially in the simultaneous updating of mul tiple AD 7237s. 
However, care m ust be t aken while exercising LDAC during a 
write cycle. If an LDAC operation overlaps a CS and WR oper- 
ation, there is a possib ility of invalid data being latched to t he 
output. To avoid this, LDAC must remain low after CS or WR 
retur n high f or a period equal to or greater than t 8 , the mini- 
mum LDAC pulse width. 


Figure 2. AD7247 Input Control Logic 


CSA/CSB 

V- ■ J 


t, — ►] — t 3 — | t 2 

WR 

\ 1 


!— (-- 

DATA 

y valid y 

A DATA A 


Figure 3. AD7247 Write Cycle Timing Diagram 


CS 

WR 

A1 

AO 

LDAC 

Function 

1 

X 

X 

X 

1 

No Data Transfer 

X 

1 

X 

X 

1 

No Data Transfer 

0 

0 

0 

0 

1 

DAC A LS Input Latch Transparent 

0 

0 

0 

1 

1 

DAC A MS Input Latch Transparent 

0 

0 

1 

0 

1 

DAC B LS Input Latch Transparent 

0 

0 

1 

1 

1 

DAC B MS Input Latch Transparent 

1 

1 

X 

X 

0 

DACA and DACB DAC Latches 
Updated Simultaneously from the 
Respective Input Latches 


X = Don’t Care. 


Table II. AD7237 Truth Table 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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I 


ADDRESS VALID 


I 


t— — | 

M u 

ti — t 3 — »4 [*»-t 2 

K-* 4 — . t5 


"V VALID V” 

A data A 


'C \ P 

Figure 5. AD7237 Write Cycle Timing Diagram 



DAC Latch Contents 
MSB LSB 


mi mi nil 
1000 oooo 0001 
1000 oooo oooo 
om nil nn 
oooo oooooooi 
oooo oooo oooo 


Analog Output, V OUT 


+2 REF IN • (4095/4096) 

+2 • REF IN • (2049/4096) 

+2 • REF IN • (2048/4096) = +REF IN 
+2 • REF IN • (2047/4096) 

+2 • REF IN • (1/4096) 

0 V 


Note: 1 LSB = REF IN/2048. 

Table HI. Unipolar Code Table ( 0 to+10 V Range ) 

Unipolar (0 to +5 V) Configuration 
The 0 to +5 V output voltage range is achieved by tying 
Rofsa or Rofsb to Vq UT a or V OUTB . Once again, the 
AD7237/AD7247 can be operated single supply or from dual 
supplies. The table for output voltage versus digital code is as in 
Table III, with 2 • REF IN replaced by REF IN. Note, for this 
range, 1LSB » REF IN • (2 12 ) = (REF IN/4096). 


APPLYING THE AD7237/AD7247 

The internal scaling resistors provided on the AD7237/AD7247 
allow several output voltage ranges. The part can produce uni- 
polar output ranges of 0 to +5 V or 0 to +10 V and a bipolar 
output range of ±5 V. Connections for the various ranges are 
outlined below. Since each DAC has its own R 0 fs input, the 
two DACs on each part can be set up for different output 
ranges. 

Unipolar (0 to +10 V) Configuration 

The first of the configurations provides an output voltage range 
of 0 V to + 10 V. This is achieved by connecting the output off- 
set resistor, R OFSA , or Rofsb* t0 GND (AGND for AD7237). 

In this configuration, the AD7237/AD7247 can be operated 
from single or dual supplies. Figure 6 shows the connection dia- 
gram for unipolar operation for DAC A of the AD7237, while 
the table for output voltage versus digital code in the DAC latch 
is shown in Table III. Similar connections apply to the AD7247. 


Bipolar Configuration 

The bipolar configuration for the AD7237/AD7247, which gives 
an output range of -5 V to +5 V, is achieved by connecting 
Rofsaj or Rofsb* t0 REF IN. The AD7237/AD7247 must be 
operated from dual supplies to achieve this output voltage range. 
The code table for bipolar operation is shown in Table IV. 


DAC Latch Contents 
MSB LSB 

Analog Output, V oux 

mi mi nn 

+REF IN • (2047/2048) 

1000 0000 0001 

+REF IN • (1/2048) 

1000 oooo oooo 

OV 

0111 1111 1111 

-REF IN • (1/2048) 

0000 0000 0001 

-REF IN • (2047/2048) 

oooo oooo oooo 

-REF IN • (2048/2048) = -REF IN 


Note: 1 LSB - REF IN/2048. 


Table IV. Bipolar Code Table 
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ANALOG 

DEVICES 


LC 2 M0S 
1 2- Bit D AC PORTS 


AD7245/AD7248 


FEATURES 

12-Bit CMOS DAC with Output Amplifier and 
Reference 

Parallel Loading Structure: AD7245 
(8 + 4) Loading Structure: AD7248 
Single or Dual Supply Oper atio n 
Fast Digital Interface (80ns WR Pulse) 

Low Power (65mW typ) 

0.3", Skinny, 20- and 24-Pin DIP 

20- and 28-Terminal Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7245/AD7248 is a complete 12-bit, voltage-output, 
digital-to-analog converter with output amplifier and Zener 
voltage reference on a monolithic CMOS chip. No external 
trims are required to achieve full specified performance for the 
part. 

The part features double-buffered interface logic with a 12-bit 
input latch and 12-bit DAC latch. The data held in the DAC 
latch determines the analog output of the converter. The AD7245 
accepts 12-bit parallel data whic h is latched into the input latch 
on the rising edge of CS or WR. The AD7248 has an 8-bit-wide 
data bus, and data is loaded to the input latch in two write 
operations, an 8-bit LSB load and a 4-bit MSB load. The input 
data m ust be right justified. For both parts, an asynchronous 
LDAC signal transfers data fr om th e input latch to the DAC 
latch. The AD7245 also has a CLR signal on the DAC latch 
which allows features such as power-on reset to be implemented. 
All logic inputs are level triggered and are TTL and CMOS 
(5V) level compatible, while the control logic is speed compatible 
with most microprocessors. 

The on-chip 5V buried Zener diode provides a low-noise, tem- 
perature compensated reference for the DAC. The gain setting 
resistors allow a number of ranges at the output: 0 to + 5V, 0 to 
+ 10V when using single supply and 0 to + 5V, - 5V to + 5V 
when operated in dual supplies. The output amplifier is capable 
of developing + 10V across a 2kO load to GND. 

The AD7245/AD7248 is fabricated in an all ion-implanted, 
high-speed linear, compatible CMOS (LC 2 MOS) process. The 
AD7245 is packaged in a small, 0.3"-wide, 24-pin DIP and 28- 
terminal surface mount packages. The AD7248 is available in a 
0.3"-wide, 20-pin DIP and 20-terminal surface mount 
packages. 


AD7245/AD7248 FUNCTIONAL BLOCK DIAGRAMS 



PRODUCT HIGHLIGHTS 

1. Complete 12-Bit DACPORT™ 

The AD7245/AD7248 is a complete, voltage output, 12-bit 
DAC on one chip. This single-chip design of the DAC reference 
and output amplifier is inherently more reliable than multichip 
designs. 

2. Microprocessor Compatibility 

The parallel loading structure of the AD7245 allows connection 
to microprocessors with a 16-bit-wide data bus. The AD7248 
is aimed at microprocessors which have an 8-bit-wide data 
bus structure. The high-speed logic of both parts allows 
direct interfacing to most modern microprocessors. Addition- 
ally, the double buffered interface enables simultaneous 
update of the AD7245/AD7248 in multiple DAC systems. 

DACPORT is a trademark of Analog Devices, Inc. 
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SPECIFICATIONS 


CIIDDI v (Vm= +15V ±5% ' V ss = AGND = °GND=0V;R l = 2kfl to GND; C L = lOOpF to GND; REF OUT unloaded 
SINGLE SUPPLY unless otheroise slated. All specifications T min to unless otherwise stated.) 


Parameter 

J, A Version 2 

S Version 2 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

12 

12 

Bits 


Relative Accuracy 

±1 


LSBmax 




±1 

LSB max 

V DD = +1 1.4V to + 14.25V 



±1.5 

LSBmax 

V DD = + 14.25V to + 15.75V 

Differential Nonlinearity 3 

±1 

±1 

LSB max 

Guaranteed Monotonic 

Unipolar Offset Error 3 





at +25°C 

±3 

±3 

LSBmax 


T^ to T,^ 

±5 

±5 

LSBmax 

Typical Tempco is ± 3ppm of FSR 4 /°C 

DAC Gain Error 3,5 

±2 

±2 

LSB max 


Full-Scale Output Voltage Error 6 





T A = + 25°C 

±0.2 

±0.2 

%ofFSRmax 

V DD = + 15VforJ, A Grades; 





V d d = + 12V & + 15 V for S Grade 

Tmin Tjnjm 


±0.6 

%ofFSRmax 

V D d= +12V& +15V 

AFull Scale/AV DD 





T A = + 25°C 

±0.12 

±0.12 

%ofFSR/V max 

AV dd = + 5% 

Full-Scale Temperature 





Coefficient 7 

±30 


ppm of FSR/°C max 


AOffset/AV DD 

±1 

±2 

mV max 

AV dd = ±5% 

REFERENCE 





Reference Output Qv +25°C 

4.99/5.01 

4.99/5.01 

V min to V max 

V DD = + 15 V for J, A Grades; 





V DD ± + 12V & + 15V for S Grade 

AReference/A V dd 





T a = + 25°C 

6 

6 

mV/V max 

AV dd = ± 5% 

Reference Temperature Coefficient 

±30 

±40 

ppm of FSR/°C typ 

FSR = 5V 

Reference Load Sensitivity 





(AReference/AI) 

±1 

±1.5 

mV max 

Reference Load Current Change (O-lOOpA) 

DIGITAL INPUTS 





Input High Voltage, V INH 

2.4 

2.4 

V min 


Input Low Voltage, Vjnl 

0.8 

0.8 

V max 


Input Current 





Iin (Data Inputs) 




V IN = 0V or V D n 

at +25°C 

±1 

±1 

p,A max 


Tmin TO T max 

±10 

±10 

(jlA max 


Iinh (Control Inputs) 8 




Vin - V dd 

at +25°C 

±1 

±1 

pA max 


TmintoTmax 

±10 

±10 

pA max 


I jjsji (Control Inputs) 8 




v IN - ov 

at +25°C 

150 

150 

pA max 


TmintoTmax 

200 

200 

pA max 


Input Capacitance 9 (AD7245) 

8 

8 

pF max 


Input Capacitance 9 (AD7248) 

16 

16 

pF max 


ANALOG OUTPUT 





Output Range Resistors 

15/30 

15/30 

kfl min/kO max 


Ranges 

+ 5, +10 

+ 5, +10 

V 

Pin Strappable. Min Load Resistance is 2kll to GND 

dc Output Impedance 

0.5 

0.5 

Gtyp 


Short-Circuit Current 

40 

40 

mA typ 


DYNAMIC PERFORMANCE 9 





Output Voltage Settling Time 




Settling Time to ± 1LSB. Rl = 5kH,CL = lOOpF 

Positive Full-Scale Change 

5 

8 

ps max 

DAC Register all 0s to all Is 

Negative Full-Scale Change 

10 

10 

jxstyp 

DAC Register all Is to all 0s 

Output Voltage Slew Rate 

2 

1.5 

V/ps min 


Digital Feedthrough 3,10 

10 

10 

nV secs typ 


Digital-to-Analog Glitch Impulse 

30 

30 

nV secs typ 

Major Carry T ransition 

POWER SUPPLIES 





V DD Range 

14.25/15.75 

11.4/15.75 

V min/V max 

For Specified Performance 

Inn 




Output Unloaded 

at + 25°C 

9 

9 

mA max 

Typically 4.5mA 

T m i n tO T m#x 

12 

12 

mA max 



NOTES 

1 For the S Version only: Vi>d = + 12V ±5% to + 15V ±5% 

^Temperature ranges are as follows: 

J Version, 0 to + 70°C 
Aversion, -25°Cto + 85°C 
S Version, -55°C to + 125°C. 

’See Terminology. 

4 FSR means Full-Scale Range and is 5 V with Rofs connected to Rfb. V 0 irr and 10V with Rofs connected to GND and R F b connected to V 0 ut- 
'This error is calculated with respect to the reference voltage and is measured after the offset error has been allowed for. 

‘This error is calculated w.r.t. an ideal 4.9988V (on the 5V range) or 9.9976V (on the 10V range). 

It includes the effects of internal voltage reference, gain and offset errors. 

7 Full-scaieT.C. = AF S/AT , where AFS is the full-scale chang e from T A = + 25 ° Cto T m i n orT ma ». 

‘Control inputs are CS , WR, LDAC and CLR for AD7245 and CSMSB, CSLSB, WR and LD AC for AD7248 . 

’Sample tested at + 25°C to ensure compliance. 

l0 The metal lid on the AD7245 (only) ceramic (D-24A) package is connected to Pin 1 2 (DGND). 

Specifications subject to change without notice. 
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SPECIFICATIONS AD7245/AD7248 

CIIDDIV (V “ = + 15v±5% ’ v ss = —15V ±5%'.AGND = DGNO = OV;R l = 2kOtoGND; 

DUAL SUPPLY C L = 100pF to GND; REF OUT unloaded unless otherwise slated. All specifications T, lwl to unless otherwise stated.) 


Parameter 

J, A Version 2 

S Version 2 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

12 

12 

Bits 


Relative Accuracy 3 

±1 


LSBmax 




±1 

LSB max 

Vdd/Vss = ± 11.4V to ± 14.25V 



±1.5 

LSBmax 

Vdd/V SS = ± 14.25V to ± 15.75V 

Differential Nonlinearity* 

± 1 

±1 

LSBmax 

Guaranteed Monotonic 

Bipolar Zero Offset Error 3 




Rofs Connected to REF OUT 

at + 25°C 

±3 

±3 

LSBmax 


T min TO T mi. 

±5 

±5 

LSBmax 

Typical Tempco is ± 3ppm of FSR 4 /°C 

DACGain Error 3,5 

±2 

±2 

LSBmax 


Full-Scale Output Voltage Error 6 





T a = + 25°C 

±0.2 

±0.2 

%ofFSRmax 

Vdd/Vss = ± 15V for J, A Grades; 





Vdd/Vss = ± 12V & ± 15V for S Grade 

Tulin tO Tjuax 


±0.6 

%ofFSRmax 

Vdd/V S s = ± 12V & ± 15V 

AFull Scale/AV DD 





T A = + 25°C 

±0.12 

±0.12 

%ofFSR/V max 

A V dd = — 5% 

AFull Scale/AV ss 





T A = + 25°C 

±0.01 

±0.01 

%ofFSR/V max 

A Vss = ± 5% 

Full-Scale Temperature 





Coefficient 7 

±30 


ppm ofFSR/°C max 


AOffset/AVoD 

±1 

±2 

mV max 

AV dd = ± 5% 

AOffset/AV ss 

±1 

±1 

mV max 

A Vss = ± 5% 

REFERENCE 





Reference Output (a +25°C 

4.99/5.01 

4.99/5.01 

V min to V max 

Vdd/Vss = ± 15V for J, A Grades; 





Vdd/Vss = ± 12V & ± 15V for S Grade 

AReference/ A V DD 





T A = + 25°C 

6 

6 

mV/Vmax 

AV dd = ^5% 

Reference Temperature Coefficient 

±30 

±40 

ppm ofFSR/°C typ 

FSR = 5V 

Reference Load Sensitivity 




Reference Load Current Change 

(AReference/ AI) 

±1 

±1.5 

mV max 

(0-100pA) (Not Including R 0 fs Current) 

DIGITAL INPUTS 





Input High Voltage, V tNH 

2.4 

2.4 

V min 


Input Low Voltage, Vikl 

0.8 

0.8 

Vmax 


Input Current 





Iin (Data Inputs) 




V IN = OVorVoo 

at + 25°C 

±1 

±1 

p-A max 


Tmin tO Tnuui 

±10 

±10 

jaA max 


Ijnh (Control Inputs) 8 




V IN = V dd 

at + 25°C 

±1 

±1 

p.A max 


T nun tO T max 

±10 

±10 

p.A max 


Ijnl (Control Inputs) 8 




Vin = OV 

at + 25°C 

150 

150 

p.A max 


T min tO T max 

200 

200 

p.Amax 


Input Capacitance 9 (AD7245) 

8 

8 

pF max 


Input Capacitance 9 (AD7248) 

16 

16 

pF max 


ANALOG OUTPUT 





Output Range Resistors 

15/30 

15/30 

kfl min/kll max 


Ranges 

±5, +5 

±5, +5 

V 

Pin Strappable. Min Load Resistance is 2kfl to GND 

dc Output Impedance 

0.5 

0.5 

ft typ 


Short-Circuit Current 

40 

40 

mAtyp 


DYNAMIC PERFORMANCE 9 





Output Voltage Settling Time 




Settling Time to ± lLSB.RL = 5kfl,CL= lOOpF 

Positive Full-Scale Change 

5 

10 

p.s max 

DAC Register all 0s to all Is 

Negative Full-Scale Change 

10 

10 

(xsmax 

D AC Register all 1 s to all 0s 

Output Voltage Slew Rate 

2 

1.5 

V/p.smin 


Digital Feedthrough 3,10 

10 

10 

nV secs typ 


Digital-to- Analog Glitch Impulse 

30 

30 

nV secs typ 

Major Carry Transition 

POWER SUPPLIES 





V DD Range 

14.25/15.75 

11.4/15.75 

V min/V max 

For Specified Performance 

V S s Range 

- 14.25/- 15.75 

-11.4/- 15.75 

Vmin/Vmax 

For Specified Performance 

Idd 




Output Unloaded 

at + 25°C 

9 

9 

mA max 

Typically 5mA 

TauntoT^ 

12 

12 

mA max 


Iss 




Output Unloaded 

at + 25°C 

3 

3 

mA max 

Typically 2mA 

Tmin tO Tmax 

5 

5 

mA max 



NOTES 

' For the S Version only. V DD = + 1 2V * 5% to + 1 5 V ± 5%; V ss = - 1 2 V ± 5% to - 15V ± 5%. 

^Temperature ranges are as follows: 

J Version, 0 to +70°C 
Aversion, -25°C to +85°C 
S Version, -55°Cto + 125°C. 

’See Terminology. 

4 FSR means Full-Scale Range and is 5V with Rops connected to R ra , V OUT and 1 OV with Rofs connected to GND and Rfb connected to V 0 ut- 
’This error is calculated with respect to the reference voltage and is measured after the offset error has been allowed for. 

*This error is calculated w.r. t. an ideal 4.9988V (on the 5V range) or 9.9976V (on the 10V range). 

It includes the effects of internal voltage reference, gain and offset errors. 

7 Full-scaleT.C. = AF S/AT , where AFS is the full-scale chang e from T A = +25 ° Cto T ma ,orT, M , . 

•Control inputs are CS , WR, LDAC and CLR for AD724S and CSMSB , CSLSB , WR and LDAC for AD7248 . 

"Sample tested at + 25“Cto ensure compliance. 

' <> The metal lid on the AD724S (only) ceramic (D-24A) package is connected to Pin 12 (DGND). 

Specifications subject to change without notice. 
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SWITCHING CHARACTERISTICS 1 (V DD = -+• 15V ± 5% z ; Vsb = OV or — 15V ± 5% 2 ; See Figures 5 and 7) 


Parameter 

J Grade 

A Grade 

S Grade 

Units 

Conditions 

@ +25°C 

80 

80 

105 

ns min 

Chip Select Pulse Width 

T m in tO T max 

100 

100 

135 

ns min 


*2 

(O) +25°C 

80 

80 

105 

ns min 

Write Pulse Width 

T m i„ tO T max 

100 

100 

135 

ns min 


t3 

<a> +25°C 

0 

0 

0 

ns min 

Chip Select to Write Setup Time 

T m in tO Tmax 

0 

0 

0 

ns min 


t 4 

& + 25°C 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

T m in tO Tmax 

0 

0 

0 

ns min 


t 5 (AD7245 Only) 






(a) +25°C 

100 

100 

155 

ns min 

Data Valid to Write Setup Time 

T m in tO T ma x 

110 

130 

250 

ns min 


ts (AD7248 Only) 






(a) + 25°C 

110 

110 

180 

ns min 

Data Valid to Write Setup Time 

T m in tO T max 

130 

130 

270 

ns min 


t 6 

@ + 25°C 

10 

10 

10 

ns min 

Data Valid to Write Hold Time 

Tmin tO Tmax 

10 

10 

10 

ns min 


t7 

(& + 25°C 

80 

80 

90 

ns min 

Load DAC Pulse Width 

Tmin tO Tmax 

100 

100 

120 

ns min 


t 8 (AD7245 Only) 






@ + 25°C 

80 

80 

140 

ns min 

Clear Pulse Width 

Tmin tO Tmax 

100 

100 

200 

ns min 


NOTE 






'Sample tested at +25°C to ensure compliance. 





2 For the S Version only: V DD = 

+ 12V ±5% to 

+ 15V ±5%; V ss = 0V or 

-12V ±5% to -15V ± 

5%. Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 





V DD to AGND 


. . . . -0.3V, + 17V 

Industrial . 


- 25°C to + 85°C 

V DD toDGND 


. . . . -0.3V, 4- 17V 

Extended . 


- 55°C to + 125°C 



. . . . -0.3V, + 34V 


- 65°C to +150°C 

AGND to DGND 


. . . . -0.3V, V DD 

Lead Temperature (Soldering, 

lOsecs) +300°C 

Digital Input Voltage to DGND .... 

-0.3V, V DD + 0.3V 

NOTE 



V OUT to AGND 1 



'The output may be shorted to voltages in this range provided the 

Vout to Vss 1 


0V, +24V 

power dissipation of the package is not exceeded. 

Vout to Vdd 1 


-32V, 0V 




REF OUT 1 to AGND . . . 


0V, Vdd 

^Stresses above 

those listed under “Absolute Maximum Ratings” may 


Power Dissipation (Any Package) to + 75°C 450mW 

Derates above 75°C by 6mW/°C 

Operating Temperature 

Commercial 0 to + 70°C 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



AD7245 ORDERING INFORMATION 


AD7248 ORDERING INFORMATION 


Relative 

Temperature Range and Package Options 1 

Accuracy (LSB) 

Oto +70°C 

— 25°C to +85°C 

— 55°C to +125°C 


Plastic DIP (N-24) 

Hermetic DIP 2 (Q-24) 

Hermetic DIP. 2 - 3 (Q-24) 

±1 

AD7245JN 

AD7245AQ 

AD7245SQ 


PLCC 4 (P-28A) 


LCCC 5 (E-28A) 

±1 

AD7245JP 


AD7245SE 


NOTES 

'See Section 14 for package outline information. 

2 Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip (Q-24) hermetic packages. 
3 To order M1L-STD-883, Class B processed parts, add /883B to part number. Contact your local sales 
office for military data sheet. 

4 PLCC: Plastic Leaded Chip Carrier. 

S LCCC: Leadless Ceramic Chip Carrier. 


Relative 

! T emperature Range and Package Options 1 

Accuracy (LSB) 

Oto +70°C 

— 25°C to +85°C 

— 55°C to +125°C 


Plastic DIP (N-20) 

Hermetic DIP 2 (Q-20) 

Hermetic DIP 2 ’ 3 (Q-20) 

±1 

AD7248JN 

AD7248AQ 

AD7248SQ 


PLCC 4 (P-20A) 



±1 

AD7248JP 




NOTES 

'See Section 14 for package outline information. 

2 Analog Devices reserves the right to ship either ceramic (D-20) or cerdip (Q-20) hermetic packages. 
3 To order MIL-STD-883, Class B processed parts, add /883B to part number. Contact your local sales 
office for military data sheet. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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AD7245/AD7248 


TERMINOLOGY 

RELATIVE ACCURACY 

Relative Accuracy, or end-point nonlinearity, is a measure of 
the actual deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero and full scale and is normally expressed in 
LSBs or as a percentage of full-scale reading. 


DAC GAIN ERROR 

DAC Gain Error is a measure of the output error between an 
ideal DAC and the actual device output with all Is loaded after 
offset error has been allowed for. It is therefore defined as: 

Measured Value - Offset - Ideal Value 

where the ideal value is calculated relative to the actual reference 
value. 


DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1LSB max over 
the operating temperature range ensures mono tonicity. 


UNIPOLAR OFFSET ERROR 

Unipolar Offset Error is a combination of the offset errors of 
the voltage-mode DAC and the output amplifier and is measured 
when the part is configured for unipolar outputs. It is present 
for all codes and is measured with all Os in the DAC register. 


DIGITAL FEEDTHROUGH 

Digital Feedthrough is the glitch impulse injected from the 
digital inputs to the analog output when the inputs change state. 
It is measured with LDAC high and is specified in nV secs. 


BIPOLAR ZERO OFFSET ERROR 

Bipolar Zero Offset Error is measured when the part is configured 
for bipolar output and is a combination of errors from the DAC 
and output amplifier. It is present for all codes and is measured 
with a code of 2048 (decimal) in the DAC register. 


AD7245 PIN FUNCTION DESCRIPTION 
(DIP PIN NUMBERS) 


Pin 

Mnemonic 

Description 

Pin 

Mnemonic 

Description 

1 

V ss 

Negative Supply Voltage (0V for single 

18 

CS 

Chip Select Input (Active LOW). The device 



supply operation) . 



is selected when this input is active. 

2 

Rofs 

Bipolar Offset Resistor. This provides 

19 

WR 

Write Input (Active LOW). This is used in 



access to the on-chip application resistors 



conjunction with CS to write data into the 



and allows different output voltage ranges. 



input latch of the AD7245 . 

3 

REF OUT 

Reference Output. The on-chip reference is 

20 

LDAC 

Load DAC Input (Active LOW). This is an 



provided at this pin and is used when con- 



asynchronous input which when active 



figuring the part for bipolar outputs. 



transfers data from the input latch to 

4 

AGND 

Analog Ground. 



the DAC latch. 

5 

DB11 

Data Bit 1 1 . Most Significant Bit (MSB). 

21 

CLR 

Clear Input (Active LOW). When this input 

6-11 

DB10-DB5 

Data Bit 10 to Data Bit 5. 



is active the contents of the DAC latch are 

12 

DGND 

Digital Ground. 



reset to all 0s. 

13-16 

DB4-DB1 

Data Bit 4 to Data Bit 1 . 

22 

Vdd 

Positive Supply Voltage. 

17 

DBO 

Data Bit 0. Least Significant Bit (LSB). 

23 

Rfb 

Feedback Resistor. This allows access to 






the amplifier’s feedback loop. 




24 

VoUT 

Output Voltage. Three different output 


AD7245 PIN CONFIGURATIONS 
LCCC 


voltage ranges can be chosen: 0 to + 5V, 
0 to + 10V or — 5V to + 5V. 


DC IE > Z > DC > 

4 3 2 1 28 27 26 


DB10 [6j AD7245 19 WR 

ZZ3 TOP VIEW HZ _ 

DBS I 7 I (Not to Scale) is] CS 


AD7245 
TOP VIEW 
(Not to Scale) 


AD7245 
TOP VIEW 
(Not to Scale) 


12 13 14 15 16 17 18 

to m Q o S « 

00 ® 2 z 5 CO CD 

Q Q O a o o 


l2£Jl2£j llfJ lULl LlLi LlZj LULl 
$ s § 2 a s a 

Q O 3 z O O O 


NC = NO CONNECT 
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AD7248 PIN FUNCTION DESCRIPTION 
(ANY PACKAGE) 


Pin 

Mnemonic 

Description 

1 

V ss 

Negative Supply Voltage (0V for single 
supply operation). 

2 

Rofs 

Bipolar Offset Resistor. This provides 
access to the on-chip application resistors 
and allows different output voltage ranges. 

3 

REF OUT 

Reference Output. The on-chip reference is 
provided at this pin and is used when con- 
figuring the part for bipolar outputs. 

4 

AGND 

Analog Ground. 

5 

DB7 

Data Bit 7. 

6 

DB6 

Data Bit 6. 

7 

DBS 

Data Bit 5. 

8 

DB4 

Data Bit 4. 

9 

DB3 

Data Bit 3/Data Bit 1 1 (MSB). 

10 

DGND 

Digital Ground. 

11 

DB2 

Data Bit 2/Data Bit 10. 

12 

DB1 

Data Bit 1/Data Bit 9. 

13 

DB0 

Data Bit 0 (LSB)/Data Bit 8 . 


Pin 

Mnemonic 

Description 

14 

CSMSB 

Chip Select Input for MS Nibble. (Active 
LOW). This selects the upper 4 bits of the 
input latch. Input data is right- justified. 

15 

CSLSB 

Chip Select Input for LS byte. (Active 
LOW). This selects the lower 8 bits of the 
input latch. 

16 

WR 

Write Input. This is used in conjunction 
with CSMSB and CSLSB to load data into 
the input latch of the AD7248. 

17 

LDAC 

Load DAC Input (Active LOW). This is an 
asynchronous input which when active trans- 
fers data from the input latch to the DAC 
latch. 

18 

V DD 

Positive Supply Voltage. 

19 

Rfb 

Feedback Resistor. This allows access to 
the amplifier’s feedback loop. 

20 

VoUT 

Output Voltage. Three different output 
voltage ranges can be chosen: 0 to + 5 V, 

0 to + 10V or - 5V to + 5V. 


DIP 


AD7248 PIN CONFIGURATIONS 
LCCC 


Vss [7 

• 

2o]vout 

r ° fs Hl 


J9|Rfb 

refoutQ" 


181Vdd 

AGNpfT" 


TT| LDAC 

DB7jT 

AD7248 

Tel wr 

DB6pT 

TOP VIEW 
(Not to Scale) 

jF| CSLSB 

PBsfT 


17] CSMSB 

PB4pr 


t^DBO 

DB3pT 


uQ DB1 

DGND [To 


7T|dB2 


CC cc > > cc 
3 2 1 20 19 



18 V DD 
17 LDAC 
16 WR 
15 CSLSB 
14 CSMSB 


PLCC 



SINGLE SUPPLY LINEARITY AND GAIN ERROR 

The output amplifier of the AD7245/AD7248 can have a true 
negative offset even when the part is operated from a single 
positive power supply. However, because the lower supply rail 
to the part is 0V, the output voltage cannot actually go negative. 
Instead the output voltage sits on the lower rail and this results 
in the transfer function shown across. This is an offset effect 
and the transfer function would have followed the dotted line if 
the output voltage could have gone negative. Normally, linearity 
is measured after offset and full scale have been adjusted or 
allowed for. On the AD7245/AD7248 the negative offset is 
allowed for by calculating the linearity from the code which the 
amplifier comes off the lower rail. This code is given by the 
negative offset specification. For example, the single supply 
linearity specification applies between Code 3 and Code 4095 for 
the 25°C specification and between Code 5 and Code 4095 over 
the T min to T max temperature range. Since gain error is also 


measured after offset has been allowed for, it is calculated between 
the same codes as the linearity error. Bipolar linearity and gain 
error are measured between Code 0 and Code 4095. 
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Typical Performance Graphs -AD7245/AD7248 



TEMPERATURE - X 


TEMPERATURE - X 


Power Supply Current vs. Temperature 


Reference Voltage vs. Temperature 



50 100 200 500 Ik 2k 5k 10k 20k 50k FREQUENCY - Hz 


FREQUENCY - Hz ‘POWER SUPPLY DECOUPLING CAPACITORS ARE 

1 OjjiF and 0.1(xF 

‘REFERENCE DECOUPLING COMPONENTS AS PER FIGURE 8 


Noise Spectral Density vs. Frequency Power Supply Rejection Ratio vs. Frequency 
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CIRCUIT INFORMATION 

D/A SECTION 

The AD7245/AD7248 contains a 12-bit voltage-mode digital-to- 
analog converter. The output voltage from the converter has the 
same positive polarity as the reference voltage allowing single 
supply operation. The reference voltage for the DAC is provided 
by an on-chip buried-Zener diode. 

The DAC consists of a highly stable, thin-film, R-2R ladder and 
twelve high-speed NMOS single-pole, double-throw switches. 
The simplified circuit diagram for this DAC is shown in 
Figure 1. 



The input impedance of the DAC is code dependent and can 
vary from 8kH to infinity. The input capacitance also varies 
with code, typically from 50pF to 200pF. 


OP AMP SECTION 

The output of the voltage-mode D/A converter is buffered by a 
noninverting CMOS amplifier. The user has access to two gain 
setting resistors which can be connected to allow different output 
voltage ranges (discussed later). The buffer amplifier is capable 
of developing up to 10V across a 2kD load to GND. 

The output amplifier can be operated from a single positive 
power supply by tying Vss = AGND = OV. The amplifier can 
also be operated from dual supplies to allow a bipolar output 
range of - 5V to + 5V. The amplifier should not he configured for 
the 0 to + 10V output range when Vss is more negative than - 5 V. 
For dual supply operation on this range a Vss of - 5V should 
be applied to the part. The advantage of having dual supplies 
for the unipolar output ranges are faster settling time t ■> voltages 
near OV, full-sink capability of 2.5mA maintained over the 
entire output range and elimination of the effects of negative 
offset on the transfer characteristic (outlined previously). Figure 
2 shows the sink capability of the amplifier for single supply 
operation. 



123 456789 10 

OUTPUT VOLTAGE - Volts 


Figure 2. Typical Single Supply Sink Current vs. 
Output Voltage 


The small-signal (200mV p-p) bandwidth of the output buffer 
amplifier is typically 1MHz. The output noise from the amplifier 
is low with a figure of 25nV/VHz at a frequency of 1kHz. The 
broadband noise from the amplifier has a typical peak-to-peak 
figure of 150|xV for a 1MHz output bandwidth. There is no 
significant difference in the output noise between single and 
dual supply operation. 

VOLTAGE REFERENCE 

The AD7245/AD7248 contains an internal low-noise buried-Zener 
diode reference which is trimmed for absolute accuracy and 
temperature coefficient. The reference is internally connected to 
the DAC. Since the DAC has a variable input impedance at its 
reference input the Zener diode reference is buffered. This 
buffered reference is available to the user to drive the circuitry 
required for bipolar output ranges. It can be used as a reference 
for other parts in the system provided it is externally buffered. 
The reference will give long-term stability comparable with the 
best discrete Zener reference diodes. The performance of the 
AD7245/AD7248 is specified with internal reference, and all the 
testing and trimming is done with this reference. The reference 
should be decoupled at the REF OUT pin and recommended 
decoupling components are 10|xF and 0.1 jxF capacitors in series 
with a 10O resistor. A simplified schematic of the reference 
circuitry is shown in 
Figure 3. 

Vdo 



Figure 3. Internal Reference 


DIGITAL SECTION 

The AD7245/AD7248 digital inputs are compatible with either 
TTL or 5V CMOS levels. All data inputs are static-protected 
MOS gates with typical input currents of less than InA. The 
control inputs sink higher currents (150|xA max) as a result of 
the fast digital interfacing. Internal input protection of all logic 
inputs is achieved by on-chip distributed diodes. 

The AD7245/AD7248 features a very low digital feedthrough 
figure of lOnV secs in a 5V output range. This is due to the 
voltage-mode configuration of the DAC. Most of the impulse is 
actually as a result of feedthrough across the package. Normally, 
ceramic packages show more feedthrough than the other packages 
because of the metal lid. However, on the AD7245, the lid of 
the ceramic package is connected to DGND (Pin 12), and this 
reduces the feedthrough. The AD7248 metal lid is not connected 
to DGND on the package, but this can be done externally to 
reduce the feedthrough. 
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AD7245/AD7248 


INTERFACE LOGIC INFORMATION - AD7245 

Table I shows the truth table for AD7245 operation. The part 
cont ains two 12-bit latches, an input latch and a DA C latch . CS 
and WR control the loading of the input latch while LDAC 
controls the transfer of information from the input latch to the 
DAC latch. All control signals are level-triggered; and therefore 
either or both latch es m ay be made transparent, the input latch 
by keeping CS and WR “LOW”, the DAC latch by keeping 
LDAC “LOW”. Input data is latched on the rising edge of 
WR. 

The data held in the DAC latch determines the analog output of 
the con verter. D ata i s latched into the DAC latch on the rising 
edge of LDAC. This LDA C signal is an asynchronous signal 
and is independent of WR. This is useful in many ap plications. 
However, in systems where the asynchronous LDAC can occur 
during a write cycle (or vice versa) care must be taken to ensure 
that incorre ct data is not latched thr ough to the output. For 
exampl e, if LDAC goes LOW while WR is “LOW ”, th en the 
LDAC signal must stay LOW for t 7 or longer after WR goes 
high to ensure correct data is latched through to the output. 


CLR 

LDAC 

WR 

CS 

Function 

H 

L 

L 

L 

Both Latches are Transparent 

H 

H 

H 

X 

Both Latches are Latched 

H 

H 

X 

H 

Both Latches are Latched 

H 

H 

L 

L 

Input Latches Transparent 

H 

H 

i 

L 

Input Latches Latched 

H 

L 

H 

H 

DAC Latches Transparent 

H 

I 

H 

H 

DAC Latches Latched 

L 

X 

X 

X 

DAC Latches Loaded with all Os 


H 

H 

H 

DAC Latches Latched with All 





Os and Output Remains at 





OV or - 5V 


L 

L 

L 

Both Latches are Transparent 





and Output Follows Input 





Data 


H = High State L = Low State X = Don’t Care 
Tablet. AD7245 Truth Table 


The co ntent s of the DAC latch are reset to all Os by a low level 
on the CLR line. With both latches transparent, the CLR line 
functions like a zero override with the output brought to OV in 
the un ipolar mode and - 5 V in the bipolar mode for the duration 
of the CLR pulse. If both latches are latched, a “LOW” pulse 
on the CLR input latches all Os into the DAC latch and the 
output remains at OV (or - 5V) after the CLR line has returned 
“HIGH”. The CLR line can be used to ensure powerup to OV 
on the AD7245 output in unipolar operation and is also useful, 
when used as a zero override, in system calibration cycles. 

Figure 4 shows the input control logic for the AD7245 and the 
write cycle timing for the part is shown in Figure 5. 



Figure 4. AD7245 Input Control Logic 



NOTES 

1. SEE TIMING SPECIFICATIONS. 

2. ALL INPUT RISE AND FALL TIMES MEASURED FROM 10% TO 
90% OF +5V, t r = t, = 5ns. 

3. TIMING MEASUREMENT REFERENCE LEVEL IS 

V|NH + V INL 
2 

4. IF LDAC IS ACTIVATED WHILE WR IS LOW THEN LDAC 
MUST STAY LOW FOR t 7 OR LONGER AFTER WR GOES HIGH. 


Figure 5. AD7245 Write-Cycle Timing Diagram 


INTERFACE LOGIC INFORMATION - AD7248 

The input loading structure on the AD7248 is configured for 
interfacing to microprocessors with an 8-bit- wide data bus. The 
part contains two 12-bit latches - an input latch and a DAC 
latch. Only the data held in the DAC latch determines the analog 
output from the converter. The truth table for AD7248 operation 
is shown in Table II, while the input control logic diagram is 
shown in Figure 6. 

CSMSB, CSLSB and WR control the loading of data from the 
external data bus to the input latch. The eight data inputs on 
the AD7248 accept right-justified data. This data is loaded to 
the i nput latch in two separate write operations. CSLSB and 
WR control the loading of the lower 8-bits into the 12-bit- wide 
latch. T he loading of the upper 4-bit nibble is controlled by 
CSMSB and WR. All control inputs are level triggered, and 
input data for either the lower byte or upper 4-bit nibble is 
latched into the input latches on the rising edge of WR (or 
either CSMSB or CSLSB). The order in which the data is loaded 
to the input latch (i.e., lower byte or upper 4-bit nibble first) is 
not important. 

The LDAC input controls the tran sfer of 1 2-bit data from the 
input latch to the DAC latch. This LDAC signal is also level 
trigger ed, and data is latch ed into the DAC latch on the rising 
ed ge of LDAC. The LDAC input is asynchronous and independent 
of WR. This is useful in many applications especially in the 
simultaneous updating of multiple AD7248 outputs. However, 
in systems where the asynchronous LDAC can occur during a 
write cycle (or vice versa) care must be taken to ensure that 
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incorrect data is not latched thr ough to the output. In other 
words, if LD AC goes low while WR and either CS input are 
low (or WR and either CS go low while LDAC is low), then the 
LDAC signal must stay low for t 7 or longer after WR returns 
high to ensure correct data is latched through to the output. 

The write cycle timing diagram for the AD7248 is shown in 
Figure 7. 

An alter nate scheme for writing data to the AD7248 is to tie the 
CSMSB and LD AC inputs together. In this case exercising 
CSLSB and WR latches the lower 8 bits in t o the inp ut latch . 
The second write, which exercises CSMSB, WR and LDAC 
loads the upper 4-bit nibble to the input latch and at the same 
time transfers the 12-bit data to the DAC latch. This automatic 
transfer mode updates the output of the AD7248 in two write 
operati ons. This scheme works equally well for CSLSB and 
LDAC tied together provided the upper 4-bit nibble is loaded 
to the input latch followed by a write to the lower 8 bits of the 
input latch. 


CSLSB 


1 


J 


r— — i 


CSMSB | . | 

H t- H I— *• 1 1 

i t 3 -*( k -H K** 

I- — — H t— * ■>— i i 


WR 


LDAC Jt 6 

Mh ^ 



K 

DATA V/ //V VALID V 

IN ////A .pataJ 




5V 

OV 

5V 

OV 

5V 

OV 

5V 

OV 

5V 

OV 


Figure 7. AD7248 Write Cycle Timing Diagram 


CSLSB 

CSMSB 

WR 

LDAC 

Function 

L 

H 

L 

H 

Loads LS Byte into Input Latch 

L 

H 

I 

H 

Latches LS Byte into Input Latch 

A 

H 

L 

H 

Latches LS Byte into Input Latch 

H 

L 

L 

H 

Loads MS Nibble into Input Latch 

H 

L 

I 

H 

Latches MS Nibble into Input Latch 

H 

I 

L 

H 

Latches MS Nibble into Input Latch 

H 

H 

H 

L 

Loads Input Latch into DAC Latch 

H 

H 

H 

A 

Latches Input Latch into DAC Latch 

H 

L 

L 

L 

Loads MS Nibble into Input Latch and 





Loads Input Latch into DAC Latch 

H 

H 

H 

H 

No Data Transfer Operation 


H = High State L = Low State 


Table II. AD7248 Truth Table 



Figure 6. AD7248 Input Control Logic 


APPLYING THE AD7245/AD7248 

The internal scaling resistors provided on the AD7245/AD7248 
allow several output voltage ranges. The part can produce unipolar 
output ranges of OV to -I- 5V or OV to + 10V and a bipolar 
output range of - 5V to + 5V. Connections for the various 
ranges are outlined below. 

UNIPOLAR (OV to + 10V) CONFIGURATION 

The first of the configurations provides an output voltage range 
of OV to + 10V. This is achieved by connecting the bipolar 
offset resistor, Rofs? t0 AGND and connecting R FB to Vout- In 
this configuration the AD7245/AD7248 can be operated single 
supply (V S s = OV = AGND). If dual supply performance is 
required, a V$s of - 5V should be applied. Note that a V S s 
supply more negative than — 5V should not be applied to the 
AD7245/AD7248 when it is configured for a 0 to + 10V output 
range. Figure 8 shows the connection diagram for unipolar 
operation while the table for output voltage versus the digital 
code in the DAC latch is shown in Table III. 


ion 



Figure 8. Unipolar (0 to + 10V) Configuration 
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AD7245/AD7248 


DAC Latch Contents | 

1 


MSB 


LSB 

Analog Output, Vout 

1111 

1111 

1111 

+ 2 ' V REF • 

( 4095 ) 

' 4096 / 

1000 

0000 

000 1 

+ 2 • V REF • 

( 2049 ) 

V 4096 / 

1000 

0000 

0000 

+ 2- V REF -I 

(2048) _ +v 

' 4096 / - + Vref 

0 111 

1111 

1111 

+ 2- V REF -I 

f 2047 ) 
y 4096 / 

0000 

0000 

000 1 

+ 2 • V REF • 1 

(_J_) 

4096 / 

0000 

0000 

0000 

OV 



NOTE: 1LSB = 2 • V REf <r 12 ) = V REF ( ^ ) 

Table III. Unipolar Code Table (OV to + 10V Range) 


UNIPOLAR (OV to + 5V) CONFIGURATION 

The OV to + 5V output voltage range is achieved by tying Rofsj 
R fb and Vout together. For this output range the AD7245 / 
AD7248 can be operated single supply (Vss = OV) or dual 
supply. The table for output voltage versus digital code is as in 
Table III, with 2 • V RF f replaced by V REF - Note that for this 
range 

1LSB = V ref ( 2 _i2 )= Vrf F * 4 ^ 95 * 

BIPOLAR CONFIGURATION 

The bipolar configuration for the AD7245/AD7248, which gives 
an output voltage range from - 5V to + 5V, is achieved by 
connecting the R G fs input to REF OUT and connecting R FB 
and Vout- The AD7245/AD7248 must be operated from dual 
supplies to achieve this output voltage range. The code table for 
bipolar operation is shown in Table IV. 


DAC Latch Contents 

1 


MSB 


LSB 

j Analog Output, Vout 

1111 

1111 

1111 

+ v REF • 

( 2047 ) 

V 2048 / 

1000 

0000 

000 1 

+ V RE p • 

(— ) 

' 2048 / 

1000 

0000 

0000 


OV 

0 111 

1111 

1111 

V REF • 

( — ) 

' 2048 ' 

0000 

0000 

000 1 

V REF • 

( 2047 ) 

' 2048 / 

0000 

0000 

0000 

“ V RF f * 

( 2048 ) - _ v 

'2048 / “ Vref 

NOTE: 

1LSB = 

2 • V ref (2- 

n ) = V REF I 

' — ) 

2048 / 


Table IV. Bipolar Code Table 


AGND BIAS 

The AD7245/AD7248 AGND pin can be biased above system 
GND (AD7245/AD7248 DGND) to provide an offset “zero” 
analog output voltage level. With unity gain on the amplifier 


(Rofs = Vout = Rfb) the output voltage, Vout is expressed 
as: 

Vout = V B i A s + D • V REF 

where D is a fractional representation of the digital word 
in the DAC latch and V B i AS is the voltage applied to the 
AD7245/AD7248 AGND pin. 

Because the current flowing out of the AGND pin varies with 
digital code, the AGND pin should be driven from a low impedance 
source. A circuit configuration is outlined for AGND bias in 
Figure 9 using the AD589, a + 1.23V bandgap reference. 

If a gain of 2 is used on the buffer amplifier the output voltage, 
Vout is expressed as 

Vout = 2(V BIAS + D • Vre F ) 

In this case care must be taken to ensure that the maximum 
output voltage is not greater than V DD - 3V. The V DD - Vout 
overhead must be greater than 3V to ensure correct operation of 
the part. Note that V DD and V S s for the AD7245/AD7248 must 
be referenced to DGND (system GND). The entire circuit can 
be operated in single supply with the V S s pin of the AD7245/ 
AD7248 connected to system GND. 



Figure 9. AGND Bias Current 


PROGRAMMABLE CURRENT SINK 

Figure 10 shows how the AD7245/AD7248 can be configured 
with a power MOSFET transistor, the VN0300M, to provide a 



Figure 10. Programmable Current Sink 
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programmable current sink from V DD or Vsource- The VN0300M 
is placed in the feedback of the AD7245/AD7248 amplifier. The 
entire circuit can be operated in single supply by tying the Vss 
of the AD7245/AD7248 to AGND. The sink current, Isink> can 
be expressed as: 

T D* Vref 

a sink - 

Using the VN0300M, the voltage drop across the load can typically 
be as large as (Vsource -6V) with Vout of the DAC at + 5V. 
Therefore, for a current of 50mA flowing in the R1 (with all Is 
in the DAC register) the maximum load is 200U with Vsource 
= + 15V. The VN0300M can actually handle currents up to 
500mA and still function correctly in the circuit, but in practice 
the circuit must be used with larger values of Vsource otherwise 
it requires a very small load. 

Since the tolerance value on the reference voltage of the AD7245/ 
AD7248 is ±0.2%, then the absolute value of Isink can vary by 
±0.2% from device to device for a fixed value of Rl. 

Because the input bias current of the AD7245/AD7248’s op amp 
is only of the order of pA’s, its effect on the sink current is 
negligible. Tying the Rofs input to the R F b input reduces this 
effect even further and prevents noise pickup which could occur 
if the Rofs pin was left unconnected. 

The circuit of Figure 10 can be modified to provide a programmable 
current source to AGND or - Vsink (for - Vsink> dual supplies 
are required on the AD7245/AD7248). The AD7245/AD7248 is 
configured as before. The current through Rl is mirrored with 
a current mirror circuit to provide the programmable source 
current (see CMOS DAC Application Guide, Publication No. 
G872-30- 10/84, for suitable current mirror circuit). As before 
the absolute value of the source current will be affected by the 


±0.2% tolerance on V REF . In this case the performance of the 
current mirror will also affect the value of the source current. 

FUNCTION GENERATOR WITH PROGRAMMABLE 
FREQUENCY 

Figure 1 1 shows how the AD7245/AD7248 can be configured 
with the AD537, voltage-to-frequency converter and the AD639, 
trigonometric function generator to provide a complete function 
generator with programmable frequency. The circuit provides 
square- wave, triwave and sinewave outputs, each output of 
± 10V amplitude. 

The AD7245/AD7248 provides a programmable voltage to the 
AD537 input. Since both the AD7245/AD7248 and AD537 are 
guaranteed monotonic, the output frequency will always increase 
with increasing digital code. The AD537 provides a square-wave 
output which is conditioned for ± 10V by amplifier Al. The 
AD537 also provides a differential triwave output. This is con- 
ditioned by amplifiers A2 and A3 to provide the ± 1.8V triwave 
required at the input of the AD639. The triwave is further 
scaled by amplifier A4 to provide a ± 10V output. 

Adjusting the triwave applied to the AD639 adjusts the distortion 
performance of the sine wave output, ( + 10V in configuration 
shown). Amplitude, offset and symmetry of the triwave can 
affect the distortion. By adjusting these, via VR1 and VR2, an 
output sine wave with harmonic distortion of better than — 50dB 
can be achieved at low and intermediate frequencies. 

Using the capacitor value shown in Figure 11 for C F (i.e. 680pF) 
the output frequency range is 0 to 100kHz over the digital input 
code range. The step size for frequency increments is 25Hz. 

The accuracy of the output frequency is limited to 8 or 9 bits 
by the AD537, but it is guaranteed monotonic to 12 bits. 


I- 15V 



Figure 1 1. Programmable Function Generator 
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AD7245/AD7248 


MICROPROCESSOR INTERFACING - AD7245 

AD7245 - 8086A INTERFACE 

Figure 12 shows the 8086 16-bit processor interfacing to the 
AD7245. In the setup sh own the double-buffering feature of the 
DAC is not used and the LDAC input is tied LOW. ADO- AD 11 
of the 16-bit data bus are connected to the AD7245 data bus 
(DB0-DB11). The 12-bit word is written to the AD7245 in one 
MOV instruction and the analog output responds immediately. 
In this example the DAC address is D000. A software routine 
for Figure 12 is given in Table V. 



Figure 12. AD7245 to 8086 Interface 


ASSUME DS : DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 


00 

8CC9 

MOV CX, 

CS 

: DEFINE DATA SEGMENT 
REGISTER 

02 

8ED9 

MOVDS, 

CX 

: EQUAL TO CODE 

SEGMENT REGISTER 

04 

BF00D0 

MOV DI, 
#D0O0 

: LOAD DI WITH D000 

07 

C705 

“YZWX” 

MOV MEM, 
#YZWX 

: DAC LOADED WITH WXYZ 

0B 

EA0000 


: CONTROL IS RETURNED TO 

0E 

00 FF 


THE MONITOR PROGRAM 


Table V Sample Program for Loading AD7245 from 8086 


In a multiple DAC system the double-buffering of the AD7245 
allows the user to simultaneously update all DACs. In Figure 
13, a 12-bit word is loaded to the input latches of each of the 
DACs in sequ ence. Then, with one instruction to the appropriate 
address, CS4 (i.e., LDAC) is brought LOW, updating all the 
DACs simultaneously. 

AD7245 - MC68000 INTERFACE 

Interfacing between the MC68000 and the AD7245 is accomplished 
using the circuit of Figure 14. Once again the AD7245 is used 
in the single-buffered mode. A software routine for loading data 
to the AD7245 is given in Table VI. In this example the AD7245 
is located at address E000, and the 12-bit word is written to the 
DAC in one MOVE instruction. 



Figure 13. AD7245 to 8086 Multiple DAC Interface 



Figure 14. AD7245 to 68000 Interface 


01000 MOVE.W 

#X,D0 

The desired DAC data, X, 
is loaded into Data Re- 
gister 0. X may be any 
value between 0 and 4095 
(decimal) or 0 and OFFF 
(hexadecimal). 

MOVE.W 

D0,$E000 

The Data X is transferred 
between DO and the 

DAC Latch. 

MOVE.B 

#228,D7 

Control is returned to the 
System Monitor Program 
using these two 

TRAP 

#14 

instructions. 


Table VI. Sample Routine for Loading AD7245 from 68000 
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MICROPROCESSOR INTERFACING - AD7248 

Figure 15 shows the connection diagram for interfacing the 
AD7248 to both the 8085A and 8088 microprocessors. This 
scheme is also suited to the Z80 microprocessor, but the Z80 
address/data bus does not have to be demutiplexed. Data to be 
loaded to the AD7248 is right- justified. The AD7248 is memory 
mapped with a separate memory address for the input latch 
high byte, the input latch low byte and the DAC latch. Data is 
first written to the AD7248 input latch in two write operations. 
Either the high byte or the low byte data can be written first to 
the AD7248 input latch. A write to the AD7248 DAC latch 
address transfers the input latch data to the DAC latch and 
updates the output voltage. Alternatively, the LDAC input can 
be asynchronous or can be common to a number of AD7248s 
for simultaneous updating of a number of voltage channels. 



Figure 15. AD7248 to 8085A/8088 Interface 

A connection diagram for the interface between the AD7248 
and 68008 microprocessor is shown in Figure 16. Once again, 
the AD7248 acts as a memory mapped device and data is right- 
justified. In this case the AD7248 is configured in the automatic 
transfer mode which means that the high byte of the input latch 
has the same address as the DAC latch. Data is written to the 
AD7248 by first writing data to the AD7248 low byte. Writing 
data to the high byte of the input latch also transfers the input 
latch contents to the DAC latch and updates the output. 



An interface circuit for connections to the 6502 or 6809 micro- 
processors is shown in Figure 17. Once again, the AD7248 is 
memory mapped and data is right- justified. The procedure for 
writing data to the AD7248 is as outlined for the 8085 A/8088. 
For the 6502 microprocessor the cj>2 clock is used to generate 
the WR, while for the 6809 the E signal is used. 



Figure 17. AD7248 to 6502/6809 Interface 

Figure 18 shows a connection diagram between the AD7248 and 
the 805 1 microprocessor. The AD7248 is port mapped in this 
interface and is configured in the automatic transfer mode. Data 
to be loaded to the input latch low byte i s output to Port 1. 
Output Line P3.0, which is connected to CSLSB of the AD7248, 
is pulsed to load data into the low byte of the input latch. Pulsing 
the P3.1 line, after the high byte data has been set up on Port 
1, updates the output of the AD7248. The WR input of the 
AD7248 can be har dwired l ow i n this app lication because spurious 
address strobes on CSLSB and CSMSB do not occur. 


P3.0 

. 

CSLSB 



P3.1 


' 

* 




» 

LDAC 

8051 


WR 

PI 0 




P1.1 


DB1 AD7248* 


PI .2 

DB2 


PI. 3 

riDO 


Udo 

DB4 

PI .4 


PI. 5 

DB5 


PI. 6 

noc 


UDO 

DB7 

PI .7 



•ADDITIONAL PINS OMITTED FOR CLARITY. 


Figure 18. AD7248 to MCS-51 Interface 


Figure 16. AD7248 to 68008 Interface 
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ANALOG 

DEVICES 



CMOS 

8-Bit Buffered Multiplying DAC 


AD7524 


FEATURES 

Microprocessor Compatible (6800, 8085, Z80, Etc.) 

TTL/CMOS Compatible Inputs 

On-Chip Data Latches 

End Point Linearity 

Low Power Consumption 

Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 

APPLICATIONS 

Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 
Bus Structured Instruments 


AD7524 FUNCTIONAL BLOCK DIAGRAM 



DB7 DB6 DB5 DBO 

(MSB) (LSB) 

DATA INPUTS 


GENERAL DESCRIPTION 

The AD7524 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 

Basically an 8-bit DAC with input latches, the AD7524’s load 
cycle is similar to the “write” cycle of a random access mem- 
ory. Using an advanced thin-film on CMOS fabrication 
process, the AD7524 provides accuracy to 1/8LSB with a 
typical power dissipation of less than 10 milliwatts. 

A newly improved design eliminates the protection Schottky 
previously required and guarantees TTL compatibility when 
using a +5V supply. Loading speed has been increased for 
compatibility with most microprocessors. 

Featuring operation from +5V to +15V, the AD75 24 inter- 
faces directly to most microprocessor buses or output ports. 

Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7524 an ideal choice for many microprocessor control- 
led gain setting and signal control applications. 


ORDERING INFORMATION 1 


Temperature Range and Package Options 2,3 


Nonlinearity 
(Vdd= + 15 V) 

— 40°C to + 85°C 

— 40°C to 
+ 85°C 

— 55°C to 
+ 125°C 


Plastic DIP (N-16) 

Hermetic (Q-16) 

Hermetic (Q-16) 

± 1/2LSB 

AD7524JN 

AD7524AQ 

AD7524SQ 

± 1/4LSB 

AD7524KN 

AD7524BQ 

AD7524TQ 

± 1/8LSB 

AD7524LN 

AD7524CQ 

AD7524UQ 


PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

± 1/2LSB 

AD7524JP 


AD7524SE 

± 1/4LSB 

AD7524KP 


AD7524TE 

± 1/8LSB 

AD7524LP 


AD7524UE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD) see DESC drawing #5962-87700. 

2 See Section 14 for package outline information. 

3 Also available in SOIC package (AD7524JR). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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(Vref = + 10V, V oun = V 0ljn? = 0V unless otherwise noted) 



LIMIT, T a = +25°C 

LIMIT , Tjviin * Tmax 1 



PARAMETER 

V DD = +5V 

V DD = +15V 

V DD = 5V 

Vdd - +15V 

UNITS 

TEST CONDITIONS/COMMENTS 

STATIC PERFORMANCE 







Resolution 

Relative Accuracy 


8 

8 

8 

Bits 


J, A, S Versions 

±1/2 

±1/2 

±1/2 

±1/2 

LSB max 


K, B, T Versions 

±1/2 

±1/4 

±1/2 

±1/4 

LSB max 


L, C, U Versions 

±1/2 

±1/8 

±1/2 

±1/8 

LSB max 


Monotonicitv 

guaranteed 

guaranteed 

guaranteed 

guaranteed 



Gain Error 2 

±2 1/2 

±1 1/4 

±3 1/2 

±1 1/2 

LSB max 

Gain TC measured from +25°C to 

Average Gain TC 3 

±40 

±10 

±40 

±10 

ppm/°C 

T m in or from +25°C to T max 

dc Supply Rejection, 3 AGain/AV DD 

0.08 

0.02 

0.16 

0.04 

% FSR/% max 

AV dd = ±10% 


0.002 

0.001 

0.01 

0.005 

% FSR/% typ 


Output Leakage Current 







IoUTl (Pin 1) 

±50 

±50 

±400 

±200 

nA max 

DB0-DB7 = 0V; WR, CS = 0V; V REF - ±10V 

l0UT2 2) 

±50 

±50 

±400 

±200 

nA max 

DB0-DB7 = V DD ; WR, CS = 0V; V REF = ±10V 

DYNAMIC PERFORMANCE 







Output Current Settling Time 3 







(to 1/2 LSB) 

400 

250 

500 

350 

ns max 

OUT1 Load - 100ft, C EXT = 13pF; WR, CS » 
0V; DB0-DB7 = 0V to V DD to 0V. 

ac Feedthrough 3 







at OUT1 

0.25 

0.25 

0.5 

0.5 

% FSR max 

Vrrf = ±10V, 100kHz sine wave; DB0-DB7 * 

at OUT2 

0.25 

0.25 

0.5 

0.5 

% FSR max 

0V; WR, CS = 0V 

REFERENCE INPUT 







R in (pin 15 toGND) 4 

5 

5 

5 

5 

k ft min 



20 

20 

20 

20 

kft max 


ANALOG OUTPUTS 







Output Capacitance 3 







CoUTl (pin 1) 

120 

120 

120 

120 

pF max 

DB0-DB7 = V DD ; WR, CS = 0V 

c OUT2 (P‘ n 2 ) 

30 

30 

30 

30 

pF max 

CoUTl (pin 

30 

30 

30 

30 

pF max 

DB0-DB7 = 0V; WR, CS = 0V 

c OUT2 (pin 2) 

120 

120 

120 

120 

pF max 


DIGITAL INPUTS 







Input HIGH Voltage Requirement 







V IH 

+2.4 

+13.5 

+2.4 

+13.5 

V min 


Input LOW Voltage Requirement 

Vil 

Input Current 

+0.8 

+ 1.5 

+0.8 

+1.5 

V max 


llN 

Input Capacitance 3 

±1 

±1 

±10 

±10 

juA max 

Vjn = 0V or Vdd 

DBO-DB7 

5 

5 

5 

5 

pF max 

V 1N = OV 

WR, cs 

20 

20 

20 

20 

pF max 

Vb>4 = 0V 

SWITCHING CHARACTERISTICS 







Chip Select to Write Setup Time 5 






See timing diagram 

tcs 

AD7524J, K, L, A,B,C 

170 

100 

220 

130 

ns min 

r WR = tCS 

AD7524S, T, U 

170 

100 

240 

150 

ns min 


Chip Select to Write Hold Time 







tCH 

All Grades 

0 

0 

0 

0 

ns min 


Write Pulse Width 







tWR 

AD7524J, K, L, A, B, C 

170 

100 

220 

130 

ns min 

tcs > t WR , tcH > 0 

AD7524S, T, U 

170 

100 

240 

150 

ns min 


Data Setup Time 







tDS 

AD7524J, K, L, A, B, C 

135 

60 

170 

80 

ns min 


AD7524S, T, U 

135 

60 

170 

100 

ns min 


Data Hold Time 







*DH 

All Grades 

10 

10 

10 

10 

ns min 


POWER SUPPLY 







! dd 

1 

2 

2 

2 

mA max 

All Digital Inputs V IL or V IH 


100 

100 

500 

500 

juA max 

All Digital Inputs 0V or V D d 


NOTES 

1 Temperature ranges as follows: J, K, L versions: -40°C to +85°C 
A, B, C versions: -40°C to +85°C 
S, T, U versions: -55°C to +125°C 

2 Gain error is measured using internal feedback resistor. Full Scale Range (FSR) = V RE p. 
3 Guaranteed, not tested. 

4 DAC thin-film resistor temperature coefficient is approximately -300ppm/°C. 

5 AC parameter, sample tested ® 25° C to ensure conformance to specifications. 
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AD7524 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 2 5°C unless otherwise noted) 

V DD to GND -0.3V, + 17V 

Vrfb to GND ±25V 

Vref to GND ±25V 

Digital Input Voltage to GND .... -0.3V to V DD +0.3V 

OUT1, OUT2 to GND -0.3V to V DD + 0.3V 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Power Dissipation (Any Package) 

To + 75°C 450mW 

Derates above 75°C by 6mW/°C 

Operating Temperature 

Commerical (J, K, L) -40°C to +85°C 

Industrial (A, B, C) -40°C to +85°C 

Extended (S, T, U) - 55°C to + 125°C 

Storage Temperature - 65°C to + 1 50°C 

Lead Temperature (Soldering, lOsecs) +300°C 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed . 



TERMINOLOGY 

RELATIVE ACCURACY: A measure of the deviation from 
a straight line through the end points of the DAC transfer 
function. Normally expressed as a percentage of full scale 
range. For the AD7524 DAC, this holds true over 
the entire Vref range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2 -n ) (Vref)* A 
bipolar converter of n bits has a resolution of [2“( n-1 )] 
[YrefI • Resolution in no way implies linearity. 

GAIN ERROR: Gain Error is a measure of the output error 

between an ideal DAC and the actual device output. It is 


measured with all Is in the DAC after offset error has been 
adjusted out and is expressed in LSBs. Gain Error is adjust- 
able to zero with an external potentiometer. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from Vref to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from OUT1 and OUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
OUT1 terminal with all digital inputs LOW or on OUT2 
terminal when all inputs are HIGH. This is an error current 
which contributes an offset voltage at the amplifier output. 


PIN CONFIGURATIONS 

DIP PLCC LCCC 
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CIRCUIT DESCRIPTION 

CIRCUIT INFORMATION 

The AD7524, an 8-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re- 
quire the addition of only an output operational amplifier and 
a voltage or current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used — that is, the binarily weighted 
currents are switched between the OUT1 and OUT 2 bus lines, 
thus maintaining a constant current in each ladder leg inde- 
pendent of the switch state. 



EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuit for all digital inputs LOW is shown in 
Figures 2. In Figure 2 with all digital inputs LOW, the refer- 
ence current is switched to OUT2. The current source 
^LEAKAGE 1S composed of surface and junction leakages to 
the substrate while the current source represents a con- 
stant 1-bit current drain through the termination resistor on 
the R-2R ladder. The “ON” capacitance of the output N-chan- 
nel switches is 120pF, as shown on the OUT2 terminal. The 
“OFF” switch capacitance is 30pF, as shown on the OUT1 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the “ON” switches are now on 
terminal OUT1, hence the 120pF appears at that terminal. 



Figure 2. AD7524 DAC Equivalent Circuit — All Digital 
Inputs Low 


INTERFACE LOGIC INFORMATION 

MODE SELECTION 

AD7524 mode selection is controlled by the CS and WR 
inputs. 

WRITEMODE 

When CS and WRare both LOW, the AD7524 is in the WRITE 
mode, and the AD7524 analog output responds to data activ- 


ity at the DB0-DB7 data bus inputs. In this mode, the AD7524 
acts like a nonlatched input D/A converter. 

HOLD MODE_ 

When either CS or WR is HIGH, the AD7524 is in the 
HOLD mode. The AD75 24 analog output holds the value cor- 
responding to the last digital input present at DB0-DB7 prior 
to WR or CS assuming the HIGH state. 


MODE SELECTION TABLE 


CS 

WR 

MODE 

DAC RESPONSE 

L 

L 

Write 

DAC responds to data bus 
(DBO — DB7) inputs 

H 

X 

Hold 

Data bus (DB0-DB7) is 
locked out; 

X 

H 

Hold 

DAC holds last data present 
when WR or CS assumed 

HIGH state. 


L = Low State, H = High State, X = Don’t Care. 


WRITE CYCLE TIMING DIAGRAM 


V t cs 

CHIP SELECT 

tCH 



WRITE j 


— tos ► 

tDH | 

DATA IN (DBO - DB7) ^ ^ STABLE ] )( 


NOTES: 

1. All input signal rise and fall times measured from 
10% to 90% of V D0 . V DD = +5V, t r = tf = 20ns; 
Vdd = +15V, t, = tf = 40ns. 

Vih + Vil 

2. Timing Measurement Reference level is SH-— 

3. tos + tpH is approximately constant at 145ns min 
at +25°C, Vdd = +5V and t«r = 170ns min. The 
AD7524 is specified for a minimum tDH of 10ns, 
however, in applications where tDH > 10ns, tos 
may be reduced accordingly up to the limit tos = 
65ns, tDH = 80ns. 



Figure 3. Supply Current vs. Logic Level 

Typical plots of supply current, Idd» versus logic input volt- 
age, Vin, for Vdd = +5V and Vdd = +15V are shown above. 
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SETS 


ANALOG CIRCUIT CONNECTIONS 


±iov 

Vref v dd 



2. Cl PHASE COMPENSATION (10pF-15pF) 

IS REQUIRED WHEN USING HIGH SPEED 

AMPLIFIERS TO PREVENT RINGING OR 

OSCILLATION. 

Figure 4. Unipolar Binary Operation 
(2-Quadrant Multiplication) 


DIGITAL INPUT 

1 


MSB LSB 

ANALOG OUTPUT 

11111111 

" V REF 

l 256 1 

10000001 

~ V REF 

( 129) 

V 256 1 

10000000 

~ V REF 

1 128 \ _ Vref 

V 25 6 1 2 

01111111 

~ V REF 

(m 

00000001 

“ V REF 

(sk) 

00000000 

“ V REF 

OeY-o 


Note.- 1LSB = (2-»)<V ref ) = ~ <V REF ) 


Table I. Unipolar Binary Code Table 


MICROPROCESSOR INTERFACE 



FOR CLARITY. 


Figure 6. AD7524/8085A Interface 


















POWER GENERATION 
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ANALOG 

DEVICES 



CMOS Dual 8-Bit 
Buffered Multiplying DAC 



FEATURES 

On-Chip Latches for Both DACs 
+ 5Vto + 15V Operation 
DACs Matched to 1% 

Four Quadrant Multiplication 
TTL/CMOS Compatible 

Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Digital Control of: 

Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 
X-Y Graphics 


AD7528 FUNCTIONAL BLOCK DIAGRAM 




GENERAL DESCRIPTION 

The AD7528 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DAC-to-DAC matching. It is available in 
skinny 0.3" wide 20-pin DIPs and in 20- terminal surface mount 
packages. 

Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
comm on 8-bit TTL/CMOS compatible input port. Control 
input DAC A/D AC B determines which DAC is to be loaded. 
The AD7528 , s load cycle is similar to the write cycle of a random 
access memory and the device is bus compatible with most 8-bit 
microprocessors, including 6800, 8080, 8085, Z80. 

The device operates from a + 5V to + 15V power supply, dis- 
sipating only 20mW of power. 

Both DACs offer excellent four quadrant multiplication charac- 
teristics with a separate reference input and feedback resistor for 
each DAC. 


PRODUCT HIGHLIGHTS 

1. DAC to DAC matching: since both of the AD7528 DACs are 
fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7528’s matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the o n-chip 
DAC latches into a common data bus and adding a DAC A / 
DAC B select line has allowed the AD7528 to be packaged in 
either a small 20-pin 0.3" wide DIP or in 20-terminal surface 
mount packages. 


PIN CONFIGURATIONS 


DIP 


LCCC 


PLCC 




DIGITAL-TO-ANALOG CONVERTERS 2-241 







SPECIFICATIONS 


4 - 10V; OUT A = OUT B = OV unless otherwise specified) 






■91 




Parameter 

Version 1 

■nwncV'«:rfi 




Units 

Test Conditions/Comments 

STATIC PERFORMANCE 2 








Resolution 

All 

8 

8 

8 

8 

Bits 


Relative Accuracy 

J, A,S 

±1 

±1 

±1 

±1 

LSBmax 

This is an Endpoint Linearity Specification 


K,B,T 

±1/2 

±1/2 

±1/2 

±1/2 

L SB max 



L,C,U 

±1/2 

±1/2 

±1/2 

±1/2 

LSBmax 


Differential Nonlinearity 

All 

±1 

±1 

±1 

±1 

LSBmax 

All Grades Guaranteed Monotonic Over 

Full Operating Temperature Range 

Gain Error 

J, A, S 

±4 

±6 

±4 

±5 

LSBmax 

Measured Using Internal RFB A and RFB B . 


K,B,T 

±2 

±4 

±2 

±3 

LSBmax 

Both DAC Latches Loaded with 11111111. 


L,C,U 

±1 

±3 

±1 

±1 

LSB max 

Gain Error is Adjustable U sing Circuits 
of Figures land 2. 

Gain Temperature Coefficient 4 
AGain/ATemperature 

Output Leakage Current 

All 

±0.007 

±0.007 

±0.0035 

±0.0035 

%/°C max 


OUT A (Pin 2) 

All 

±50 

±400 

±50 

±200 

nAmax 

DAC Latches Loaded with 00000000 

OUT B (Pin 20) 

All 

±50 

±400 

±50 

±200 

nAmax 


Input Resistance (V RE f A, V RE f B) 

All 

8 

8 

8 

8 

kflmin 

Input Resistance TC = - 300ppm/°C, Typical 



15 

15 

15 

15 

kfl max 

Input Resistance is 1 1 kfl 

V RE f A/V REF B Input Resistance 








Match 

All 

±1 

±1 

±1 

±1 

%max 


DIGITAL INPUTS 3 








Input High Voltage 

VlH 

Input Low Voltage 

All 

2.4 

2.4 

13.5 

13.5 

V min 


V, L 

Input Current 

All 

0.8 

0.8 

1.5 

1.5 

Vmax 


Iin 

Input Capacitance 

All 

±1 

±10 

±1 

±10 

;aA max 

Vin = 0orV DD 

DB0-DB7 

AU 

10 

10 

10 

10 

pF max 


WR, CS, DAC A/D AC B 

All 

15 

15 

15 

15 

pFmax 


SWITCHING CHARACTERISTICS 4 







See Timing Diagram 

Chip Select to Write Set Up Time 

tes 

Chip Select to Write Hold Time 

All 

200 

230 

60 

80 

ns min 


k:n 

All 

20 

30 

10 

15 

ns min 


DAC Select to Write SetUp Time 

l AS 

DAC Select to Write Hold Time 

All 

200 

230 

60 

80 

ns min 


Tah 

All 

20 

30 

10 

15 

ns min 


Data Valid to Write Set Up Time 

*DS 

Data Valid to Write Hold Time 

All 

110 

130 

30 

40 

ns min 


Idh 

Write Pulse Width 

All 

0 

0 

0 

0 

ns min 


tWR 

All 

180 

200 

60 

80 

ns min 


POWER SUPPLY 








Idd 

All 

2 

2 ! 

2 

2 

mAmax 

All Digital Inputs Vil or Vi H 


All 

100 

500 

100 

500 

p.A max 

All Digital Inputs 0V or V DD 


AC PERFORMANCE CHARACTERISTICS s tS£?Zl^o^>wM 


Parameter 


HBS 

V DD = +15V 
T a =+ 25°C T min ,T m „ 

Units 

Test Conditions/Comments 

DC SUPPLY REJECTION (AGAIN/ AV DD ) 

All 

0.02 0.04 

0.01 0.02 

% per % max 

AV dd = ±5% 

CURRENT SETTLING TIME 2 

All 

350 400 

180 200 

ns max 

To 1/2LSB. Out A/OutB load = 100fl. 

WR = CS = 0V. DB0-DB7 = 0VtoV DD orV DD to0V 

PROPAGATION DELAY (From Digital 

Input to 90% of Final Analog Output Current) 


220 270 

80 100 


Vr E f A = V REF B - + 10V 

OUT A, OUT B Load = 100flC EX T = 13pF 

WR, CS = 0V DB0-DB7 = 0VtoV DD orV DD to0V 

DIGITAL TO ANALOG GLITCH IMPULSE 



440 

b 

For Code Transition 00000000 to 1 1 1 1 1 1 1 1 

OUTPUT CAPACITANCE 

CoutA 

CoutB 

CoutA 

CoutB 

AU 

50 50 

50 50 

120 120 

120 120 

50 50 

50 50 

120 120 

120 120 

B 

DAC Latches Loaded with 00000000 

DAC Latches Loaded with 11111111 

AC FEEDTHROUGH 

Vr EF A to OUT A 

Vref B to OUT B 

AU 

-70 -65 

-70 -65 

-70 -65 

-70 -65 


Vref A, VrefB = 20V p-p Sine Wave 
@ 100kHz 

CHANNEL TO CHANNEL ISOLATION 

Vref A to OUT B 

Vref B to OUT A 

AU 

-77 

-77 

-77 

-77 

! 

dBtyp 

dBtyp 

Both DAC Latches Loaded with 1 1 1 1 1 1 1 1 . 

VrffA = 20V p-p Sine Wave @ 100kHz 

Vr E fB = 0V. 

Vrff B = 20V p-p Sine Wave @ 100kHz 

Vref A = 0V. 

DIGITAL CROSSTALK 

All 

30 

60 

BSE3&MI 

Measured for Code Transition 00000000 to 11111111 

HARMONIC DISTORTION 

AU 

-85 

-85 

| dBtyp 

Vin = 6V rms @ 1kHz 


NOTES 

'Temperature Ranges are J,K, LVersions; - 40°Cto + 85°C 2 Specification applies to both DACs in AD7528. ^These characteristics are for design guidance only and are not subject to test . 

A, B,C Versions; -40°Cto +85°C 3 LogicinputsareMOSGates.Typicalinputcurrent(+25°C)islessthanlnA. Specifications subject to change without notice. 

S,T,U Versions; -55°Cto + 125°C ^Guaranteed by design but not production tested. 
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AD7528 


INTERFACE LOGIC INFORMATION 
DAC Selection: 

Both DAC latches share a common 8-bit input port. The control 
input DAC A /DAC B selects which DAC can accept data from 
the input port. 

Mode Selection: 

Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

Write Mode: 

When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBO- 
DB7. 

Hold Mode: 

The selected DAC latch retains t he da ta which was present 
on DB0-DB7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 


DAC M 
DACB 

CS 

WR 

DAC A 

DACB 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 


L = Low State H = High State X = Don’t Care 

Mode Selection Table 

CAUTION: 

1. ESD sensitive device. The digital control inputs are diode pro- 
tected; however, permanent damage may occur on unconnected 
devices subjected to high energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power 
before insertion or removal. 


WRITE CYCLE TIMING DIAGRAM 


tcs 

tcH 

CHIP SELECT N 

V 

V “ 

/ 

1 m * AS 

*AH 

DAC A/DAC B \! 

~r 

/ 

, 


WRITE N 

V / 

^ - \/ DD 

*DS 

r~^" H 

t D H 0 

n 

DATA IN (DB0-DB7) ^ * ,H DATA , N ST/VBLE ' 


NOTES: 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% OF V DD . 

V 0D = +5V,t r = tf = 20ns; 

Voo= + 15V, t r = t, = 40ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V|L 


ABSOLUTE MAXIMUM RATINGS 

(T a = + 25°C unless otherwise noted) 

V DD to AGND 0V, + 17V 

V DD to DGND 0V, + 17V 

AGND to DGND V DD + 0.3V 

DGND to AGND V DD +0.3V 

Digital Input Voltage to DGND .... -0.3V, V DD + 0.3V 

Vpin 2 , Vpi N20 to AGND -0.3V, V DD + 0.3V 

Vref A, Vref B to AGND t 25V 

Vrfb A, Vrfb B to AGND ±25V 

Power Dissipation (Any Package) to + 75°C 450m W 

Derates above + 75°C by 6mW/°C 

Operating Temperature Range 

Commercial (J, K, L) Grades -40°C to + 85°C 

Industrial (A, B, C) Grades — 40°C to +85°C 

Extended (S, T, U) Grades -55°C to + 125°C 

Storage Temperature - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 secs.) + 300°C 


ORDERING INFORMATION 1 


Relative 

Accuracy 

Gain 

Error 

Temperature Range and Package Options 2, 3 


T a = +25°C 

— 40°C to 
+ 85°C 

— 40°C to 
+ 85°C 

— 55°C to 

4- 125°C 



Plastic DIP (N-20) 

Hermetic (Q-20) 

Hermetic (Q-20) 

± 1LSB 

±4LSB 

AD7528JN 

AD7528AQ 

AD7528SQ 

± 1/2LSB 

±2LSB 

AD7528KN 

AD7528BQ 

AD7528TQ 

± 1/2LSB 

± 1LSB 

AD7528LN 

AD7528CQ 

AD7528UQ 



PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

± 1LSB 

±4LSB 

AD7528JP 


AD7528SE 

± 1/2LSB 

±2LSB 

AD7528KP 


AD7528TE 

± 1/2LSB 

± 1LSB 

AD7528LP 


AD7528UE 


NOTES 

order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing #5962-87701. 

2 See Section 14 for package outline information. 

3 A1so available in SOIC package (AD7528KR, AD7528LR). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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Applying the AD7528 



LATCH 

1 

DAC A 




AD7528 

~1 

r~ 

LATCH 

1 

DAC e 



NOTES: 

’Rl, R2 AND R3, R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 

2 C1, C2 PHASE COMPENSATION (10pF-15pF) IS REQUIRED WHEN 
USING HIGH SPEED AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 


Figure 1. Dual DAC Unipolar Binary Operation (2 Quadrant Multiplication). See Table I. 



Figure 2. Dual DAC Bipolar Operation ( 4 Quadrant Multiplication). See Table II. 


DAC Latch Contents 
MSB LSB 

Analog Output 
(DAC A or DAC B) 

11111111 

-M!) 

10000001 

-Ml) 

10000000 

MS)-M 

01111111 

MS) 

00000001 


00000000 

“MM = ° 


Note: 1LSB = (2' 8 )(Vin) = ~( V 1N ) 


Table I. Unipolar Binary Code Table 


DAC Latch Contents 
MSB LSB 

Analog Output 
(DAC A or DAC B) 

11111111 

+ Mt1) 

10000001 

+ Mi5§) 

10000000 

0 

01111111 

“Mm) 

00000001 

-v»(® 

00000000 

“ ViN (m) 


Note: 1LSB = (2' 7 )(V IN ) = “(V IN ) 


Table II. Bipolar (Offset Binary) Code Table 


Trim 

Resistor 

J/A/S 

K/B/T 

L/C/U 

R1;R3 

lk 

500 

200 

R2;R4 

330 

150 

82 


Table III. Recommended Trim Resistor Values vs. Grade 
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AD7S33 


FEATURES 

Lowest Cost 10-Bit DAC 

Low Cost AD7520 Replacement 

Linearity: 1/2, 1 or 2LSB 

Low Power Dissipation 

Full Four-Quadrant Multiplying DAC 

CMOS/TTL Direct Interface 

Latch Free (Protection Schottky not Required) 

End-Point Linearity 

APPLICATIONS 

Digitally Controlled Attenuators 
Programmable Gain Amplifiers 
Function Generation 
Linear Automatic Gain Control 



Logic: A switch is closed to Iouti for its digital input in a 
“HIGH” state. 


GENERAL DESCRIPTION 

The AD7533 is a low cost 10-bit 4-quadrant multiplying DAC 
manufactured using an advanced thin-film-on-monolithic-CMOS 
wafer fabrication process. 

Pin and function equivalent to the industry standard AD7520, 
the AD7533 is recommended as a lower cost alternative for old 
AD7520 sockets or new 10-bit DAC designs. 

AD7533 application flexibility is demonstrated by its ability to 
interface to TTL or CMOS, operate on + 5V to + 15V power, 
and provide proper binary scaling for reference inputs of either 
positive or negative polarity. 


ORDERING INFORMATION 1 2 


Temperature Range and Package Options 3 


Nonlinearity 

— 40°C to +85°C 

— 40°C to + 85°C 

- 55°Cto + 125°C 


Plastic DIP (N-16) 

Hermetic (Q-16) 

Hermetic (Q-16) 

±0.2% 

AD7533JN 

AD7533AQ 

AD7533SQ 

±0.1% 

AD7533KN 

AD7533BQ 

AD7533TQ 

±0.05% 

AD7533LN 

AD7533CQ 

AD7533UQ 


PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

±0.2% 

AD7533JP 


AD7533SE 

±0.1% 

AD7533KP 


AD7533TE 

±0.05% 

AD7533LP 


AD7533UE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 Analog Devices reserves the right to ship ceramic (package outline D- 1 6) 
packages in lieu of cerdip (package outline Q- 16) packages. 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS^ + .k», 


=VouT2=0V; V REF = + 10V unless otherwise noted) 


PARAMETER 

T a =25°C 

T a = Operating Range 

Test Conditions 

STATIC ACCURACY 




Resolution 

Relative Accuracy 1 

10 Bits 

10 Bits 


AD7533JN, AD, SD, AQ, SQ 

±0.2%FSRmax 

±0.2% FSR max 


AD7533KN, BD, TD, BQ, TQ 

±0.1%FSRmax 

±0.1% FSR max 


AD7533LN, CD, UD, CQ, UQ 

± 0.05% FSR max 

±0.05% FSR max 


Gain Error 2,3 

Supply Rejection 4 

± 1.4% FS max 

± 1.5% FS max 

Digital Inputs - Vinh 

AGain/AVoD 

Output Leakage Current 

0.005%/% 

0.008%/% 

Digital Inputs = Vinh; V dd = + 14V to + 17V 

Iouti 

± 5 On A max 

± 200nA max 

Digital Inputs = V INL ; V REF = ± 10V 

Iout2 

± 50nA max 

± 200nA max 

Digital Inputs = Vinh; Vref= ± 10V 

DYNAMIC ACCURACY 




Output Current Settling Time 

600ns max 4 

800ns 5 

To 0.05% FSR; Rload = 10011; Digital 

Inputs = Vinh to Vinl or Vinl to Vinh 

Feedthrough Error 

+ 0.05% FSR max 5 

±0.1%FSRmax s 

Digital Inputs = Vinl; Vref = ± 10V, 

100kHz sine wave. 

REFERENCE INPUT 




Input Resistance (Pin 15) 

5kH min, 20kO max 

5k O min, 20kD max 6 


ANALOG OUTPUTS 




Output Capacitance 




Couti 

Cout2 

lOOpF max 5 

35pF max 5 

lOOpF max 5 

35pF max 5 

Digital Inputs = Vinh 

Couti 

Cout2 

35pF max 5 
lOOpF max 5 

35pF max 5 
lOOpF max 5 

Digital Inputs = Vinl 

DIGITAL INPUTS 




Input High Voltage 




Vinh 

2.4V min 

2.4V min 


Input Low Voltage 

Vinl 

Input Leakage Current 

0.8V max 

0.8V max 


Iin 

Input Capacitance 

± 1 )x A max 

± 1|jlA max 

ViN = 0VandV DD 

Cin 

8pF max 5 

8pF max 5 


POWER REQUIREMENTS 




Vdd 

+ 15V ± 10% 

+ 15V ± 10% 

Rated Accuracy 

V dd Range 5 

+ 5V to + 16V 

+ 5V to + 16V 

Functionality with Degraded Performance 

Idd 

2mA max 

2mA max 

Digital Inputs = Vinl or Vinh 


NOTES 

‘“FSR” is Full-Scale Range. 

2 Full Scale (FS) = (V REF ) 

3 Max gain change from T a = +25°CtoT min orT max is ±0.1%FSR. 
4 AC parameter, sample tested to ensure specification compliance. 
Guaranteed, not tested. 

6 Absolute temperature coefficient is approximately - 300ppm/°C. 
Specifications subject to change without notice. 
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AD7533 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise noted) 


V DD to GND 

Rfb ^ GND 

Vref to GND 

Digital Input Voltage Range . . 
OUT 1, OUT 2 to GND .... 
Power Dissipation ( Any Package) 

To +75°C 

Derates above + 75°C by . . . 


. . . . -0.3V, 4- 17V 

±25V 

±25V 

-0.3V to V DD 4- 0.3V 
-0.3V to V dd 4- 0.3V 

450mW 

6mW/°C 


Operating Temperature Range 

Commercial (J, K, L Versions) -40°C to +85°C 

Industrial (A, B, C Versions - 40°C to 4- 85°C 

Extended (S, T, U Versions) - 55°C to 4- 125°C 

Storage Temperature - 65°C to 4- 150°C 

Lead Temperature (Soldering, lOsec) 4-300°C 


‘Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the maximum deviation from a 
straight line passing through the endpoints of the DAC transfer 
function. It is measured after adjusting for ideal zero and full 
scale and is expressed in % of full-scale range or (sub) multiples 
of 1LSB. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2~ n ) (Vref)- A bipolar 
converter of n bits has a resolution fo [2 _(n_1) ] (Vref]- Resolution 
in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 


GAIN ERROR: Gain error is a measure of the output error 
between an ideal DAC and the actual device output. It is measured 
with all Is in the DAC after offset error has been adjusted out 
and is expressed in Least Significant Bits. Gain error is adjustble 
to zero with an external potentiometer. 

FEEDTHROUGH ERROR: Error caused by capacitive coupling 
from Vref to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from Iouti and Iout2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
Iouti terminal with all digital inputs LOW or on Ioim terminal 
when all inputs are HIGH. 


PIN CONFIGURATIONS 

DIP LCCC 


PLCC 
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CIRCUIT DESCRIPTION 


GENERAL CIRCUIT INFORMATION 

The AD7533, a 10-bit multiplying D/A converter, consists of a 
highly stable thin film R-2R ladder and ten CMOS current 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage or 
current reference. 

The simplified D/A circuit is shown in Figure 1. An inverted R- 
2R ladder structure is used - that is, the binarily weighted 
currents are switched between the Iouti and Ioim bus lines, 
thus maintaining a constant current in each ladder leg independent 
of the switch state. 



Figure 1. AD7533 Functional Diagram 

One of the CMOS current switches is shown in Figure 2. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTL/TTL/CMOS compatible over the full 
military temperature range. The input stage drives two inverters 
(devices 4, 5, 6 and 7) which in turn drive the two output N 
channels. The “ON” resistances of the switches are binarily 
sealed so the voltage drop across each switch is the same. For 
example, switch 1 of Figure 2 was designed for an “ON” resistance 
of 2011 , switch 2 for 40ft, and so on. For a 10V reference input, 
the current through switch 1 is 0.5mA, the current through 
switch 2 is 0.25mA, and so on, thus maintaining a constant 
lOmV drop across each switch. It is essential that each switch 
voltage drop be equal if the binarily weighted current division 
property of the ladder is to be maintained. 


EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 3 and 4. In Figure 3 with all 
digital inputs low, the reference current is switched to Ioim- 
The current source Ileakage is composed of surface and junc- 
tion leakages to the substrate while the ^4 current source 

represents a constant 1 -bit current drain through the termination 
resistor on the R-2R ladder. The “ON” capacitance of the output 
N channel switch is lOOpF, as shown on the Iout 2 terminal. 

The “OFF” switch capacitance is 35pF, as shown on the Ioim 
terminal. Analysis of the circuit for all digital inputs high, as 
shown in Figure 4, is similar to Figure 3; however, the “ON” 
switches are now on terminal Iouti > hence the lOOpF at that 
terminal. 



Figure 3. AD7533 Equivalent Circuit - AH Digital inputs 
Low 


r feedback 

*OUT1 
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OPERATION 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

ANALOG OUTPUT 
(Yout as shown in Figure §) 

-Vref({§|) 

-Vref(^) 

v ( 512 V- Vref 
— V REFy jq 24 J 2 ~ 

-Vref(^) 
-VrefIyoI?) 
-Vref(i 4?)= 0 

NOTE: 

1. Nominal LSB magnitude for the circuit of 
Figure 5 is given by LSB = Vref ( 1 ^ 4 ) 

Table I. Unipolar Binary Code Table 


DIGITAL INPUT 
MSB LSB 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

DIGITAL INPUT 
MSB LSB 

llllllllil +Vref(5X5) 

1000000001 +Vr e f (sI2) 

1000000000 0 

0 111111111 -Vref ( 5 I 2 ) 

0000000001 - V REp(|n) 

0000000000 -Vref(M) 


ANALOG OUTPUT 
(Your as shown in Figure 6) 


NOTE 

1. Nominal LSB magnitude for the circuit of 


Figure 6 is given by LSB = V REF 



Table II. Bipolar (Offset Binary) Code Table 


BIPOLAR ANALOG INPUT 

±10V Vdd 



NOTES: 

1. R1 AND R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 

2. Cl PHASE COMPENSATION <5 - 15pF) MAY BE REQUIRED WHEN 
USING HIGH SPEED AMPLIFIER. 


BIPOLAR 

ANALOG 

INPUT 


±10V V DD 



NOTES 

1 . R3, R4 AND R5 SELECTED FOR MATCHING AND TRACKING. 

2. R1.R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 

3. Cl PHASE COMPENSATION (5-15pF) MAY BE REQUIRED WHEN 
USING HIGH SPEED AMPLIFIERS. 


Figure 5. Unipolar Binary Operation (2-Quadrant Figure 6. Bipolar Operation ( 4-Quadrant Multiplication ) 

Multiplication) 
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APPLICATIONS 


10-BIT AND SIGN MULTIPLYING DAC 


±iov 

BIPOLAR 
ANALOG INPUT 



PROGRAMMABLE FUNCTION GENERATOR 


DIGITAL 

FREQUENCY 

CONTROL 

WORD 



DIVIDER (DIGITALLY CONTROLLED GAIN) 


+15V 



BIT 10 
2io 


MODIFIED SCALE FACTOR AND OFFSET 


Vref 



DIGITALLY PROGRAMMABLE LIMIT DETECTOR 

TEST INPUT 
Vref +15V (0 to -Vref) 
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□ ANALOG LC 2 M0S 

DEVICES ixP-Compatible 1 4-Bit DAC 


AD7534 


FEATURES 

All Grades 14-Bit Monotonic Over the Full Tempera- 
ture Range 

Full 4-Quadrant Multiplication 

Microprocessor Compatible with Double Buffered 
Inputs 

Exceptionally Low Gain Temperature Coefficient, 

0.5ppm/°C typ 

Small 20-Pin DIP and Surface Mount Package 

Low Output Leakage (<20nA) Over the Full 
Temperature Range 

APPLICATIONS 

Microprocessor Based Control Systems 

Digital Audio Reconstruction 

High Precision Servo Control 

Control and Measurement in High Temperature 
Environments 


AD7534 FUNCTIONAL BLOCK DIAGRAM 

Vdd 



GENERAL DESCRIPTION 

The AD7534 is a 14-bit monolithic CMOS D/A converter which 
uses thin-film resistors and laser trimming to achieve excellent 
linearity. 

The device is configured to accept right-justified data in two 
bytes from an 8-bit data bus. Standard Chip Select and Memory 
Write logic is used to access the DAC. Address lines AO and A1 
control internal register loading and transfer. 

A novel low leakage configuration (patent pending) enables the 
AD7534 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS “latch up” phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op amp. The AD7534 is manufactured 
using the Linear Compatible CMOS (LC 2 MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 


PRODUCT HIGHLIGHTS 

1. Guaranteed Montonicity 

The AD7534 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Output Leakage 

By tying Vss (Pin 20) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

3. Microprocessor Compatibility 

High speed input control (TTL/5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16-bit 
microprocessors. 

4. Monolithic Construction 

For increased reliability and reduced package size - 0.3" 
20-pin DIP and 20-terminal surface mount package. 


PIN CONFIGURATIONS 


DIP 


PLCC 



i s J > a > 8 


HFIIT1RR 


AGNDS [T 
AGNDF QT 
DGND (T 
DB7 (T 
DB6 [T 


TOP VIEW 
(Not to Scale) 


3 

3 

3 

3 

3 


111 13 H 13 13 


a a a a a 


cs 

WR 

AO 

A1 

DBO 
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CDHririPATinMCl (Vw= +".4vto+i5.75V 2 ,v RIF = +w,v m) = * r m=w.'ix = -man. 

OrCuiriynl lUllO All specifications to T,^ unless otherwise stated) 


Parameter 

J, A Versions 

K, B Versions 

S Version 

T Version 

Units 

T est Conditions/Comments 

ACCURACY 







Resolution 

14 

14 

14 

14 

Bits 


Relative Accuracy 

±2 

±1 

±2 

±1 

LSB max 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSB max 

over temperature. 

Full Scale Error 

±8 

±4 

±8 

±4 

LSB max 

Measured using internal Rfb and 
includes effects of leakage 
current and gain T.C. 

Gain Temperature Coefficient 3 
AGain/ATemperature 

Output Leakage Current Iout 

(Pin-3) 

±5 

±2.5 

±5 

±2.5 

ppm/°C max 

Typical value is 0.5ppm/°C 

+ 25°C 

±5 

±5 

±5 

±5 

nA max 

All digital inputs 0 V 

T m in tO T max 

±10 

±10 

±20 

±20 

nA max 

V ss = - 300mV 

T m in tO T max 

±25 

±25 

±150 

±150 

nA max 

> 

o 

II 

> 

REFERENCE INPUT 







Input Resistance, Pin 1 

3.5 

3.5 

3.5 

3.5 

kfl min 

Typical Input Resistance = 6kfl 


10 

10 

10 

10 

kflmax 


DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

I in (Input Current) 

0.8 

0.8 

0.8 

0.8 

V max 


+ 25°C 

±1 

±1 

±1 

±1 

|aA max 

V IN = 0 V or V DD 

T m in tO T max 

±10 

±10 

±10 

±10 

(j, A max 


Cin (Input Capacitance) 3 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







V D d Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

V min/V max 

Specifications guaranteed over 

V ss Range 

-200/ -500 

-200/ -500 

-200/ -500 

-200/ -500 

mV min/mV max 

this range. 

Idd 

3 

3 

3 

3 

mA max 

All digital inputs Vjl or Vjh 


500 

500 

500 

500 

IxAmax 

All digital inputs 0V or V D d 


AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for Design Guidance only and are not subject to test 

(Vref= +10V,Vp, N3 = Vpni 4 = 0V,Vss = - 300mV, Output Amplifier is AD544 except where stated). 


Parameter 

V DD = + 11.4V to + 15.75V 

Ta = 25 CT A = T min ,T max 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 


|xs max 

To 0.003% of full scale range. 

Iout load = lOOfl, 

Cext = 13pF. DAC register alternately 
loaded with all l’s and all 0’s. 

Typical value of Settling Time is 0.8 jas. 

Digital to Analog Glitch Impulse 

100 


nV-sec typ 

Measured with Vref = 0V. Iout load 
= lOOD, Cext = 13pF. DAC 
register alternately loaded with all 
l’sandallO’s. 

Multiplying Feedthrough Error 4 

3 

5 

mV p-p typ 

Vref = ± 10V, 10kHz sine wave 

DAC register loaded with all 0’s. 

Power Supply Rejection 





AGain/AVoD 

±0.01 

±0.02 

% per % max 

AV dd = ±5% 

Output Capacitance 





Cout (Phi 3) 

260 

260 

pFmax 

DAC register loaded with all l’s 

Gout (Phi 3) 

130 

130 

pF max 

DAC register loaded with all 0’s 

Output Noise Voltage Density 



n V/VHz typ 


(lOHz-lOOkHz) 

15 

- 

Measured between R F b and Iqut 


NOTES 

temperature range as follows: J, K Versions: 0 to + 70°C 

A, B Versions: - 25°C to + 85°C 
S, T Versions: - 55°C to + 125°C 

specifications are guaranteed for a V DD of + 11.4V to + 1 5.75 V. At V DD = 5 V, the device is fully functional with degraded specifications. 
^Guaranteed by Product Assurance testing. 

4 Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS' <v„= + .i.« t , + i«s...„= 


+ 10V, V Pm3 = V PIN4 = 0V, Vjs = — 300mV) 


Parameter 

Limit at 

T a = 25°C 

Limit at 

T A = 0to +70°C 

T a = — 25°Cto + 85°C 

Limit at 

T a = — 55°C to + 125°C 

Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

Address Valid to Write Setup Time 

t 2 

0 

0 

0 

ns min 

Address Valid to Write Hold Time 

t 3 


160 

180 

ns min 

Data Setup Time 

t4 

20 

20 

30 

ns min 

Data Hold Time 

t 5 

0 

0 

0 

ns min 

Chip Select to Write Setup Time 

t6 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

t 7 

170 

200 

240 

ns min 

Write Pulse Width 


NOTES 

'Temperature range as follows: J, K Versions: 

A, B Versions: 
S,T Versions: 

Specifications subject to change without notice. 


•0 to + 70°C 
- 25°C to + 85°C 
-55°Cto +125°C 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise stated) 

V DD (Pin 19) to DGND -0.3V, + 17V 

V ss (Pin 20) to AGND - 15V, + 0.3V 

Vref (Pin 1) to AGND ±25V 

Vrfb (Pin 2) to AGND ±25V 

Digital Input Voltage (Pins 7-18) to DGND 

-0.3V, V DD + 0.3V 

V P in 3 to DGND -0.3V, V DD +0.3V 

AGND to DGND -0.3V, V DD + 0.3V 

Power Dissipation (Any Package) 

To +75°C 450m W 

Derates above + 75°C 6mW/°C 


Operating Temperature Range 

Commercial (J, K Versions) 0 to +70°C 

Industrial (A, B Versions) -25°C to +85°C 

Extended (S, T Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) +300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed . 



ORDERING INFORMATION 1 




| T emperature Range and Package Options 2 

Relative Accuracy 

T^ntoT^ 

Full-Scale Error 
Tmin 1° T max 

Plastic DIP (N-20) 
Oto +70°C 

Hermetic DIP (D-20) 
— 25°C to + 85°C 

Hermetic DIP (D-20) 
- 55°C to + 125°C 

PLCC 3 (P-20A) 
Oto +70°C 

±2LSB 

±8LSB 

AD7534JN 

AD7534AD 

AD7534SD 

AD7534JP 

± 1LSB 

±4LSB 

AD7534KN 

AD7534BD 

AD7534TD 

AD7534KP 


NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to part number. 
2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 
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WR 

C5 

A1 

A0 

Function 

mezz 


KZ2ZZ. ov 


l 

X 

X 

Device not selected 


1 JU**! 

1 5v 

1 

X 

X 

X 

No data transfer 



0 

0 

0 

0 

DAC loaded directly from Data Bus 2 

r 


« t« 

L 5V 

0 

0 

0 

1 

MS Input Register loaded from Data Bus 

\_ 


/ ov 

0 

0 

1 

0 

LS Input Register loaded from Data Bus 

\ 


/ 5V 

0 

0 

1 

1 

DAC Register loaded from Input Registers. 


NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. t r =t f =20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V - ^ t - - L 


Figure 1. AD7534 Timing Diagram 


NOTES 

1 . X = Don’t Care 

2. When Ai=0, Ao = 0 all DAC registers are transpa- 
rent, so by placing all Os or all Is on the data inputs 
the user can load the DAC to zero or full-scale 
output in one write operation. This facility simplifies 
system calibration. 


UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 2 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 2 is given in Table I. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when high speed op-amps are used. 



Figure 2. Unipolar Binary Operation 


Binary Number In 
DAC Register 

MSB LSB 

ii ini mi nil 
10 oooo oooo oooo 
00 0000 0000 0001 
00 oooo oooo oooo 


Analog Output, Vqut 


-MU) 

-MU) =- i/2v >n 

— Vin ( 16384 ) 


Table I. Unipolar Binary Code Table for AD7534 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 3. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust R3 for V 0 
= 0V. Alternatively, one can omit R3 and R4 and adjust the 
ratio of R7 and R8 for W 0 — 0V. Full scale trimming can be 
accomplished by adjusting the amplitude of Vin or by varying 
the value of R9. 

Resistors R7, R8 and R9 should be matched to 0.003%. Mismatch 
of R7 and R8 causes both offset and full scale error. When 
operating over a wide temperature range, it is important that 
the resistors be of the same type so that their temperature coefficient 
match. 

The code table for Figure 3 is given in Table II. 



Figure 3. Bipolar Operation 


Binary Number in 

DAC Register 

MSB LSB 

Analog Output 

ii mi ini mi 

+Vin (iM) 

10 0000 0000 0001 

+ViN (gik) 

10 oooo oooo oooo 

0 

oi nil nil nil 

-V'ufglyj) 

00 oooo oooo oooo 

-v»® 


Table II. Bipolar Code Table for Offset Binary 
Circuit of Figure 3. 
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FEATURES 

All Grades 14-Bit Monotonic over the Full 
Temperature Range 
Full 4 Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 
Inputs 

Exceptionally Low Gain Temperature Coefficient, 

0.5ppm/°C typ 

Low Output Leakage (<20nA) over the Full 
Temperature Range 

APPLICATIONS 

Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 

Control and Measurement in High Temperature 
Environments 


AD7535 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The AD7535 is a 14-bit monolithic CMOS D/A converter which 
uses laser trimmed thin-film resistors to achieve excellent 
linearity. 

Standard Chip Select and Memory Write logic is used to access 
the DAC. 

A novel low leakage configuration (patent pending) enables the 
AD7535 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS “latch up” phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7535 is manufactured 
using the Linear Compatible CMOS (LC 2 MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 

PIN CONFIGURATIONS 

DIP LCCC 


£ x > > z > > 

4 3 2 1 28 27 26 


AGNDS 
AGNDF 
DGNO 
(MSB) OBI 3 
DB12 
DB11 
DB10 



PRODUCT HIGHLIGHTS 

1. Guaranteed Monotonicity 

The AD7535 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Output Leakage 

By tying V ss (Pin 27) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

3. Microprocessor Compatibility 

High speed input control (TTL/5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16- bit 
mic roproces sors. When interfacing to 8-bit processors CSMSB 
and CSLSB are separate and the 8-bit data bus is connected 
to both the MS Input Register and the LS Inpu t Regist er. 
For straight 14-bit parallel loading CSMSB and CSLSB are 
tied together giving one chip select to load the 14-bit word. 


24 | CSLSB 
23] LDAC 
SI CSMSB 


(Not to Scale) | 21 | DBO (LSB) 


cc > > Z > > 

mmrriRRR 



25 WR AGNDS LL 

24 CSLSB AGNDF [IT 

23 LDAC DGND E 

22 CSMSB (MSB) DB13 [T 

21 DBO (LSB) DB12 E 

20 DB1 DB11 [w 

19 DB2 DB10 fl7 


25] WR 
24] CSLSB 
23] LDAC 
22*1 CSMSB 
2l] DBO (LSB) 
2t>] DB1 
li] DB2 


12 13 14 15 16 17 18 

CD 00 P". CO Lf> ^ CO 

NO = NO CONNECT O Q Q O Q D O 


12 13 14 15 16 17 18 


NC = NOCONNECT O O O O S DO 
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CDEPiriP ATlfMICl (V »»= +114V to + 15.75V 2 , V RtF = + 10 V; V PIN4 =V Pm5 = 0 V, Vss= -300mV 
Or L v in IlH 1 1 y HO All specifications T mjn to unless otherwise stated.) 


Parameter 

J, Aversions 

K,B Versions 

| S Version j 

| T Version ] 

Units 

Test Conditions/Comments 

ACCURACY 



■j 




Resolution 

14 

14 

■ 


Bits 


Relative Accuracy 

±2 

±1 

■ 

m 

LSB max 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 



LSBmax 

over temperature. 

Full Scale Error 

±8 

±4 

| 

■ 

LSB max 

Measured using internal Rfb and 
includes effects of leakage 
current and gain T.C. 

Gain Temperature Coefficient 3 ; 

AGain/ATemperature 

Output Leakage Current Iout (Pin 4) 

±5 

±2.5 

±5 


ppm/°C max 

Typical value is 0.5ppm/°C 

+ 25°C 

±5 

±5 

±5 

±5 

nA max 

All digital inputs 0V 

TnuntoT,^ 

±10 

±10 

±20 

±20 

nAmax 

V ss = -300mV 

T m i n tO Tmax 

±25 

±25 

±150 

±150 

nA max 

V ss = 0V 

REFERENCE INPUT 







Input resistance, pin 1 

3.5 

3.5 

3.5 

3.5 

kflmin 

Typical Input Resistance = 6kfl 


10 

10 

10 

10 

kfl max 


DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

Vmin 


Vil (Input Low Voltage) 

Iin (Input Current) 

0.8 

0.8 

0.8 

0.8 

Vmax 


+ 25°C 

±1 

±1 

±1 

±1 

jjlA max 

Vin = 0V or Vdd 

T m in toTmax 

±10 

±10 

±10 


jiAmax 


Cin (Input Capacitance) 3 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







Vdd Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

VnunV max 

Specification guaranteed over 

V S s Range 

-200/ -500 

-200/ -500 

-200/ -500 

-200/ -500 

mV min/mV max 

this range 

Idd 

4 

4 

4 

4 

mAmax 

All digital inputs Vi L or Vih 


500 

500 

500 

500 

(a A max 

All digital inputs 0V or V DD 


These characteristics are included for Design Guidance only and are not subject to test 
AP DCDMDMAUnC nilADAMTDICTinC (Vn> = +11-4V1D +15.75V,V REF = +10V,Vp| l4 =Vp W5 =OV,V ss =OVOR -300mV, 

AC PERFORMANCE CHARACTERISTICS Output Amplifier is AD544 except where stated.) 


Parameter 

T a =25°CT a = 

= T m i n , T max 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

- 

fxs max 

To 0.003% of full scale range. 

Digital to Analog Glitch Impulse 

50 


nV-sec typ 

Iout losd = lOOfl, 

Cext = 13pF. DAC register alternately 
loaded with all l’s and all 0’s. 

Typical value of Settling Time 
is0.8|xs. 

Measured with Vref = 0V. Iout load 

Multiplying Feedthrough Error 4 

3 

5 

mV p-p typ 

= 100D, Cext = 13pF. DAC 
register alternately loaded with all 
l’sandallO’s. 

Vref = ± 10V, 10kHz sine wave 

Power Supply Rejection 

AGain/AVoD 

±0.01 

±0.02 

% per % max 

DAC register loaded with all 0’s. 

AV dd = ±5% 

Output Capacitance 

Cout (Pin 4) 

260 

260 

pF max 

DAC register loaded with all Is 

Cout (Pin 4) 

130 

130 

pF max 

DAC register loaded with all 0s 

Output Noise Voltage Density 
(10Hz- 100kHz) 

15 

- 

nVVHztyp 

Measured between Rfb and Iout 


NOTES 

temperature range as follows: J,K Versions: 0to+70°C 

A, B Versions: - 25°C to + 85°C 
S, T Versions: - 55°C to + 125°C 

Specifications are guaranteed for a V DD of + 11.4V to + 15.75 V. At V DD = 5V, the device is fully functional with degraded specifications. 
Guaranteed by Product Assurance testing. 

4 Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 
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AD7535 


TIMING CHARACTERISTICS' 


(V 0D = + 11.4V to + 15.75V, V REF = + 10V, Yp IN 4=Vp l M5=0V,V ss =0V or -300mV 
Ail specifications T mjn to unless otherwise stated. See Figure 1 for Timing Diagram.) 



Test Conditions/Comments 

CSMSB or CSLSB to WR Setup Time 

CSMSB or CSLSB to WR Hold Time 

LDAC Pulse Width 

Write Pulse Width 

Data Setup Time 

Data Hold Time 


NOTES 

'Temperature range as follows: J, K Versions: 0 to + 70°C 

A, B Versions: - 25°C to + 85°C 
S, T Versions: - 55°C to + 125°C 
Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS* 

(T A = + 25°C unless otherwise stated) 

V DD (Pin 26) to DGND -0.3V, + 17V 

V ss (Pin 27) to AGND - 15V, + 0.3V 

Vrefs (Pin 1) to AGND ±25V 

Vreff (Pin 2) to AGND ± 25V 

Vrfb (Pin 3) to AGND ±25V 

Digital Input Voltage (Pins 8-25) to DGND 

-0.3V, V DD + 0.3V 

VpiN 4 to DGND -0.3V, V DD +0.3V 

AGND to DGND -0.3V, V DD +0.3V 

Power Dissipation (Any Package) 

To + 75°C lOOOmW 

Derates above + 75°C 10mW/°C 


Operating Temperature Range 

Commercial (J, K Versions) 0 to + 70°C 

Industrial (A, B Versions) -25°Cto+85°C 

Extended (S, T Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


Relative Accuracy 
Tmin tO T max 

Full-Scale Error 
Tmin T max 

Plastic DIP (N-28) 
Oto +70°C 

Hermetic DIP (D-28) 
— 25°C to + 85°C 

Hermetic DIP (D-28) 
— 55°C to + 125°C 

PLCC 3 (P-28A) 
Oto +70°C 

LCCC 4 (E-28A) 

— 55°C to + 125°C 

± 2LSB 

± 8LSB 

AD7535JN 

AD7535AD 

AD7535SD 

AD7535JP 

1 AD7535SE 

± 1LSB 

±4LSB 

AD7535KN 

AD7535BD 

AD7535TD 

AD7535KP 

AD7535TE 

NOTES 


'To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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10% TO 90% OF +5V. t r = t, = 20ns. 


2. TIMING MEASUREMENT REFERENCE LEVEL IS V — ^ - ^' L 

3. IF LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF 

WR, THEN IT MUST STAY LOW FOR t 3 OR LONGER AFTER WR GOES HIGH. 

Figure 1. AD7535 Timing Diagram 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 2 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2 quadrant multiplication. 
The code table for Figure 2 is given in Table I. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when high-speed op amps are used. 



Figure 2. Unipolar Bipolar Operation 


Binary Number In 
DAC Register 

MSB LSB 

ii mi mi nil 
10 oooo oooo oooo 
00 0000 0000 0001 
00 oooo oooo oooo 


Analog Output, Vqut 


_v / 16383 ^l 
VlN V 16384/ 

- V »N®) =- 1/2V >N 

“ ViN (i6ik) 


Table I. Unipolar Binary Code Table for AD7535 


CSMSB CSLSB LDAC 

WR 

Operation 

0 1 1 

0 

Load MS Input Register 

1 0 1 

0 

Load LS Input Register 

0 0 1 

0 

Load MS and LS Input 
Registers 

1 1 0 

X 

Load DAC Register from 
Input Registers 

0 0 0 

0 

All Registers are transparent 

1 1 1 

X 

No operation 

X X 1 

1 

No operation 

NOTE X = Don’t Care 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 3. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust R1 for 
Vo=0V. Alternatively, one can omit R1 and R2 and adjust the 
ratio of R5 and R6 for V o =0V. Full-scale trimming can be 
accomplished by adjusting the amplitude of Vi N or by varying 
the value of R7. 

Resistors R5, R6 and R7 should be ratio matched to 0.006%. 
Mismatch of R5 and R6 causes both offset and full-scale error. 
When operating over a wide temperature range, it is important 
that the resistors be of the same type so that their temperature 
coefficients match. 

A range of precision voltage dividers, manufactured by Vishay, 
offers a suitable solution to implementing the bipolar circuit 
described above. The resistor networks are TCR and Ratio 
Matched, giving excellent performance over temperature. 

The code table for Figure 3 is given in Table II. 



Binary Number in 

DAC Register 

MSB LSB 

Analog Output Vqut 

11 

mi 

nil 

nil 

+ Vjk 

(819l\ 

1,8192/ 

10 

oooo 

oooo 

0001 

+ Vl N 

.nk) 

10 

oooo 

oooo 

oooo 

ov 

01 

mi 

nil 

nil 

-Vjn 

,81k) 

00 

oooo 

oooo 

oooo 

-VlN 

f8192\ 

(8192/ 


Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 3. 
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ANALOG 

DEVICES 


LC z M0S 

14-Bit (tP- Compatible DAC 


AD7536 


FEATURES 

Full 4-Quadrant Multiplication without External 
Resistors 

All Grades 14-Bit Monotonic over the Full Temperature 
Range 

Low Output Leakage (<20nA) over the Full 
Temperature Range 

Low Gain Temperature Coefficient, 2ppm/°C 
APPLICATIONS 

Control and Measurement in High Temperature 
Environments 
Digital Audio 
Precision Servo Control 
All Microprocessor Based Control Systems 


GENERAL DESCRIPTION 

The AD7536 is a 14-bit monolithic CMOS D/A converter. The 
part is laser trimmed and specified as a dedicated bipolar DAC. 
The resistors needed for 4-quadrant multiplication are contained 
on the chip. Thus, the user requires only the AD7536, a voltage 
reference and two op-amps for bipolar operation. The AD7536 
has the same low leakage configuration (patent pending) as the 
other members of the 14-bit CMOS DAC family. The excellent 
output leakage current characteristics also ensure exceptional 
stability of linearity and gain error over the full temperature 
range. 

The device is speed compatible with most microprocessors and 
accepts TTL or 5V CMOS logic level inputs. There is standard 
Chip Select and Memory Write logic for easy interfacing. The 
AD7536 has full protection against CMOS “latch-up” phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. 


AD7536 FUNCTIONAL BLOCK DIAGRAM 



DB13 DBO DGND V ss 

PRODUCT HIGHLIGHTS 

1 . Bipolar Operation 

The AD7536 gives the user 4-Quadrant Multiplication without 
any external resistors. 

2. Guaranteed Monotonicity 

14-bit monotonicity is guaranteed over the full temperature 
range for all grades. 

3. Low Output Leakage 

The device has excellent output leakage current characteristics 
at all temperatures. 


PIN CONFIGURATIONS 


AD7536 CSMSB (MSB) DB13 8 

top view =; 

(Not to Scale) 21 I DBO (LSB) 


j J J I >* >* > s 

4 3 2 1 28 27 26 



12 13 14 15 16 17 18 


0 0 0 0 0 0 0 


22 CSMSB (MSB) DB13 (_8| 


cc > ec > > > 


AD7536 
TOP VIEW 
(Not to Scale) 


12 13 14 15 16 17 18 
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CPFPinrflTinMC 1 ot- +«-«*> +15.75V 2 ,V MF =+10V : V MH4 =V rai5 =0V ) V ss =-300mV. 
Ol LU Irl Mfl III# liO All specifications to T,^ unless otheiwise stated.) 



J> A 

K,B 





Parameter 

Versions 

Versions 

S Version 

T Version 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

14 

14 

14 

14 

Bits 

1LSB = 2Vre F /2 14 

Relative Accuracy 

±2 

±1 

±2 

±1 

LSB max 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSBmax 

over temperature. 

Gain Error 

±16 

±8 

±16 

±8 

LSB max 

Measured using internal Rfb and 
includes effects of leakage 
current and gain T.C. 

Offset Error 

±4 

±4 

±4 

±4 

LSBmax 

Error due to mismatch between R FB and 
offset resistor. It also includes leakage 
current to Iout and is measured when 
DAC is loaded with all 0’s. 

Gain Temperature Coefficient 3 , 







AGain/ AT emperature 

Offset Temperature Coefficient 3 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical Value is 2ppm/°C 

AOffset/ATemperature 

±5 

±2.5 

±5 

±2.5 

ppm/°C max 

Typical Value is lppm/°C 

INPUT RESISTANCES 







Vref Input Resistance, Pin 2 

3 

3 

3 

3 

kflmin 

Typical Input Resistance = 6kfl 


13 

13 

13 

13 

kO max 


Vimv Input Resistance, Pin 28 

2 

2 

2 

2 

kflmin 

Typical Input Resistance = 4kfl 


8 

8 

8 

8 

kfl max 


DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

Iin (Input Current) 

0.8 

0.8 

0.8 

0.8 

Vmax 


+ 25°C 

±1 

±1 

±1 

±1 

|xA max 

V m = 0VorV DD 

TjnintoTmax 

±10 

±10 

±10 

±10 

|xA max 


Cin (Input Capacitance) 3 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







V D d Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

Vmin/V max 

Specification guaranteed over 

V S s Range 

-200/ -500 

-200/ -500 

-200/ -500 

-200/ -500 

mV min/mV max 

this range. 

Idd 

4 

4 

4 

4 

mA max 

All digital inputs Vil or Vih 


500 

500 

500 

500 

(jiA max 

All digital inputs 0V or V dd 

Power Supply Rejection 







AGain/AVoD 

±0.02 

±0.02 

±0.02 

±0.02 

% per % max 

AV dd = V DD max- V DD min 


net nrnrnmiRunr AimnA ATr m atiaa These characteristics are included for Design Guidance only and are not subject to test. 

AC PERruRmANuE CHARACTERISTICS (v DD = +n.4vto +i5.75v,v REF = h- iov, v P1N4 = v PIN5 = ov, Vss = ov or -3oomv.) 


Parameter 


Units 

Test Conditions/Comments 

Current Settling Time 

1.5 

|xs max 

To 0.003% of full scale range. 

Iout load = lOOfl, 

Cext= 13pF. DAC register alternately 
loaded with all l’s and all 0’s. 

Typical value of Settling Time 
is0.8p.s. 

Digital-to- Analog Glitch Impulse 

50 

nV-sec typ 

Measured with Vref = 0V. Iout load 
= lOOfl, Cext = 13pF. DAC 
register alternately loaded with all 

1’sandallO’s. 

Multiplying Feedthrough Error 4 

4 

mV p-p typ 

Vref — ± 10V, 1kHz sine wave 

DAC register loaded with 10 0000 0000 0000 

Output Capacitance 

CouT(Phi4) 

260 260 

pF max 

DAC register loaded with all l’s 

Cqut (Phi 4) 

130 130 

pF max 

DAC register loaded with all 0’s 

Output Noise Voltage Density 

(10Hz- 100kHz) 

50 

nV/ VHz typ 

Measured between R F b and Iout 


NOTES 

temperature range as follows: J,K Versions: 0to+70°C 

A, B Versions: - 25°C to + 85°C 

S, T Versions: - 55°C to + 125°C 

specifications are guaranteed for a V D d of + 1 1 .4V to + 1 5 .75 V. At V DD = 5 V, the device is fully functional with degraded specifications. 
Guaranteed by Product Assurance testing. 

4 Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 


2-260 DIGITAL-TO-ANALOG CONVERTERS 










AD7536 


TIMING CHARACTERISTICS 


(V„= +11.4¥to + 15.75V, Visf= +10V,V W4 =V P « 5 =0V,V ss =(IVor -300mV 
All specifications T^ to T^ unless otherwise stated. See Figure 1 for Timing Diagram.) 


Limit at 


Parameter 

Limit at 
T a =25°C 

T A =0to +70°C 

T a = — 25°C to + 85°C 

Limit at 

T a = — 55°C to + 125°C Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

CSMSB or CSLSB to WR Setup Time 

t 2 

0 

0 

0 

ns min 

CSMSB or CSLSB to WR Hold Time 

t3 

170 

200 

240 

ns min 

LDAC Pulse Width 

U 

170 

200 

240 

ns min 

Write Pulse Width 

t5 

140 

160 

180 

ns min 

Data Setup Time 

t6 

20 

20 

30 

ns min 

Data Hold Time 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 

(T a = 25°C unless otherwise stated) 

V DD (pin 26) to DGND -0.3V, + 17V 

V ss (pin 27) to AGND - 15V, + 0.3 V 

Vref (pin 2) to AGND ±25V 

Vinv (pin 28) to AGND ± 25 V 

Rint (pin 1) to AGND ± 25V 

Rfb (pin 3) to AGND ±25V 

Digital Input Voltage (pins 8-25) to DGND 

-0.3V, Vdd + 0.3V 

V PIN4 to DGND - 0.3V, V DD + 0.3V 

AGND to DGND -0.3V, V DD + 0.3V 

Power Dissipation (Any Package) 

To + 75°C lOOOmW 


Derates above + 75°C 10mW/°C 

Operating T emperature Range 

Commercial Plastic (J, K versions) 0 to + 70°C 

Industrial Ceramic (A, B versions) .... - 25°C to + 85°C 

Extended Ceramic (S, T versions) .... - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, 10 secs) +300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


Relative 
Accuracy 
Tmin tO T m „ 

Gain 

Error 

T m in to T max 

l ~ r " ° ° 

Plastic DIP (N-28) 
Oto +70°C 

Hermetic DIP (D-28) 
— 25°Cto + 85°C 

Hermetic DIP (D-28) 
— 55°C to + 125°C 

PLCC 3 (P-28A) 
Oto +70°C 

LCCC 4 (E-28A) 

— 55°C to + 125°C 

± 2LSB 

± 16LSB 

AD7536JN 

AD7536AD 

AD7536SD 

AD7536JP 

AD7536SE 

± 1LSB 

± 8LSB 

AD7536KN 

AD7536BD 

AD7536TD 

AD7536KP 

AD7536TE 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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5V 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF + 5V. t r = t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V ~- ^- V|L 

3. IFLDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF 

WR, THEN IT MUST STAY LOW FOR t 3 OR LONGER AFTER WR GOES HIGH. 


CSMSB CSLSB LDAC WR | 

Operation 

0 

1 

1 

0 

Load MS Input Register 

1 

0 

1 

0 

Load LS Input Register 

0 

0 

1 

0 

Load MS and LS Input Registers 

1 

1 

0 

X 

Load DAC Register from Input Registers 

0 

0 

0 

0 

All Registers are transparent 

1 

1 

1 

X 

No operation 

X 

X 

1 

1 

No operation 


NOTE X = Don’t Cate 


Figure 1. AD7536 Timing Diagram 


BIPOLAR OPERATION 
(4-Quadrant Multiplication) 

Figure 2 shows the AD7536 connected for bipolar operation. 
Specified accuracy is attained without the need for expensive 
closely matched external resistors. R1 and R2 provide an optional 
gain adjustment and capacitor Cl helps prevent overshoot and 
ringing when high-speed op-amps are used. The - 300mV bias 
voltage for Vss is derived from R3, R4 and C2. 

Table I shows the Offset Binary Code Table obtained with the 
circuit of Figure 2. It should be noted that the user can get a 
2’s Complement transfer function by inverting the MSB of the 
DAC word. 


Binary Number in 

DAC Register 

Analog Output Vout 

MSB LSB 

u mi mi nil 

♦v»® 

10 0000 0000 0001 

+ VlN (gM) 

10 0000 0000 0000 

ov 

00 0000 0000 0001 

-v«® 

00 0000 0000 0000 

- v i»(HS)- - v »< 


Table I. Offset Binary Code Table for AD7536 



Figure 2. AD7536 Operation 


OFFSET AND GAIN ADJUSTMENT FOR FIGURE 2. 
Offset Adjustment 

1. Adjust offset of amplifier A1 so that potential at Rint is 
<10p.V with respect to Signal Ground. 

2. Load DAC register with 10 0000 0000 0000. 

3. Adjust offset of amplifier A2 until V 0 = 0V (< 10|xV). 

Gain Adjustment 

1. Load DAC register with all l’s. 

(8191) 

2. Trim potentiometer R2 so that V 0 = + Vin 

(51VZ) 

For high-temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Offset Error, Full Scale Error and Gain 
T.C. specifications of the AD7536, trimming of the Offset and 
Gain is not necessary. 
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PI ANALOG 

LC 2 M0S 

U DEVICES 

(8 +4) Loading Dual 12-Bit DAC 

AD7537 


FEATURES 

Two 12-Bit DACs in One Package 
DAC Ladder Resistance Matching: 0.5% 

Space Saving Skinny DIP and Surface Mount Packages 

4-Quadrant Multiplication 

Low Gain Error (1LSB max Over Temperature) 

Byte Loading Structure 
Fast Interface Timing 

APPLICATIONS 
Automatic Test Equipment 
Programmable Filters 
Audio Applications 
Synchro Applications 
Process Control 

GENERAL DESCRIPTION 

The AD7537 contains two 12-bit current output DACs on one 
monolithic chip. A separate reference input is provided for each 
DAC. The dual DAC saves valuable board space, and the 
monolithic construction ensures excellent thermal tracking. Both 
DACs are guaranteed 12-bit monotonic over the full temperature 
range. 

The AD7537 has a 2-byte (8LSBs, 4MSBs) loading structure. It 
is designed for right-justified data fo rmat . Th e con trol signals 
for register loading are AO, Al, CS, WR a nd U PD. Data is 
loaded to the input registers when CS a nd W R are low. To 
trans fer t his data to the DAC registers, UPD must be taken low 
with WR. 

Added features on the AD7537 include an asynchronous CLR 
line which is very useful in calibration routines. When this is 
taken low, all registers are cleared. The double buffering of the 
data inputs allows simultaneous update of both DACs. Also, 
each DAC has a separate AGND line. This increases the device 
versatility; for instance one DAC may be operated with 
AGND biased while the other is connected in the standard 
configuration. 

The AD7537 is manufactured using the Linear Compatible 
CMOS (LC 2 MOS) process. It is speed compatible with most 
microprocessors and accepts TTL, 74HC and 5V CMOS logic 
level inputs. 

PRODUCT HIGHLIGHTS 

1. DAC to DAC Matching: 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. Many applications which 
are not practical using two discrete DACs are now possible. 
Typical matching: 0.5%. 

2. Small Package Size: 

The AD7537 is available in both 0.3" wide 24-pin DIPs and 
in 2 8- terminal surface mount packages. 

3. Wide Power Supply Tolerance: 

The device operates on a + 12V to + 15V V DD , with ± 10% 
tolerance on this nominal figure. All specifications are guaran- 
teed over this range. 


AD7537 FUNCTIONAL BLOCK DIAGRAM 



DB7-OBO OGND 


CLR 

UPD 

CS 

WR 

Al 

AO 

FUNCTION 

1 

1 

1 

X 

X 

X 

No Data Transfer 

1 

1 

X 

1 

X 

X 

No Data Transfer 

0 

X 

X 

X 

X 

X 

All Registers Cleared 

1 

1 

0 

0 

0 

0 

DAC A LS Input Register 
Loaded with DB7-DB0 (LSB) 

1 

1 

0 

0 

0 

1 

DAC A MS Input Register 
Loaded with DB3 (MSB)-DBO 

1 

1 

0 

0 

1 

0 

DAC B LS Input Register 
Loaded with DB7-DB0 (LSB) 

1 

1 

0 

0 

1 

1 

DAC B MS Input Register 
Loaded with DB3 (MSB)-DBO 

1 

0 

1 

0 

X 

X 

DAC A, DAC B Registers 
Updated Simultaneously from 
Input Registers 

1 

0 

0 

0 

X 

X 

DAC A, DAC B Registers are 
Transparent 


NOTE: X = Don’t care 


Table!. AD7537 Truth Table 
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CPmnrATinNC 1 ff "“ +12Vto +15V ’ ±10% - v iwa = V RE" = m - w* = agnda = ov, i«ro = agndb = ov. 

Ol UU 1 1 I UH I III RO All specifications T min to unless otherwise specified.) 


Parameter 

J/A Versions 

K/B Versions 

L/C Versions 

S Version 

T Version 

U Version 

Units 

Test Conditions/Comments 

ACCURACY 









Resolution 

12 

12 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1/2 

±1 

±1/2 

±1/2 

LSBmax 


Differential Nonlinearity 

±1 

±1 

±1 

±1 

±1 

±1 

LSBmax 

All grades guaranteed 
monotonic over temperature. 

Gain Error 

± 6 

±3 

±1 

±6 

±3 

±2 

LSBmax 

Measured using Rfba> Rfbb- 
Both DAC registers loaded 
with all l’s. 

Gain Temperature Coefficient 2 ; 

AGain/ATemperature 

Output Leakage Current 

±5 

±5 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical value is lppm/°C 

Iouta (Pin 2) 









+ 25°C 

10 

10 

10 

10 

10 

10 

nA max 

DAC A Register loaded 

Tmin tO 

Ioutb (Pin 23) 

150 

150 

150 

250 

250 

250 

nA max 

with all 0s 

+ 25°C 

10 

10 

10 

10 

10 

10 

nAmax 

DAC B Register loaded 

Tmin Tjmm 

150 

150 

150 

250 

250 

250 

nA max 

with all 0s 

REFERENCE INPUT 









Input Resistance (Pin 4, Pin 21) 

9 

9 

9 

9 

9 

9 

kftmin 

Typical Input Resistance = 14kft 


20 

20 

20 

20 

20 

20 

kftmax 


Vrefa> Vrefb 









Input Resistance Match 

±3 

±3 

±1 

±3 

±3 

±1 

%max 

Typically ±0.5% 

DIGITAL INPUTS 









Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

Iin (Input Current) 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

Vmax 


+ 25°C 

±1 

±1 

±1 

±1 

±1 

± 1 

p,Amax 

Vin = V dd 

Tmin tO Tmax 

±10 

±10 

±10 

±10 

±10 

±10 

pA max 


Cin (Input Capacitance) 2 

10 

10 

10 

10 

10 

10 

pF max 


POWER SUPPLY 3 









Vdd 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

Vmin/Vmax 


Idd 

2 

2 

2 

2 

2 

2 

mA max 



AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for Design Guidance only and are not subject to test 

(V DD = + 12V to + 15V; V REFA = V REFB = + 10V, l 0 ^ A = AGNDA = 0V, \ om = AGNDB = 0V. Output Amplifiers are AD644 except where stated.) 


Parameter 

T a = +25°C 

T a = T min , T max 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

~ 

fxs max 

To 0.01% of full-scale range. I 0 ut load = 100ft, C E xt = 13pF. 

DAC output measured from falling edge of WR. 

Typical Value of Settling Time is 0.8|is. 

Digital-to- Analog Glitch Impulse 

7 

“ 

nV-styp 

Measured with Vrefa = Vrefb = 0V . Iouta> Ioutb 
load = 100ft, Cext = 13pF. DAC registers alternately 
loaded with all 0s and all Is. 

AC Feedthrough 4 

Vrefa to Iouta 

-70 

-65 

dB max 

Vrefa 5 Vrefb = 20Vp-p 10kHz sine wave. 

Vrefb to Ioutb 

-70 

-65 

dB max 

DAC registers loaded with all 0s. 

Power Supply Rejection 

AGain/AVoD 

±0.01 

±0.02 

% per % max 

AV dd = Vdd max - V D d min 

Output Capacitance 

Couta 

70 

70 

pF max 

DAC A, DAC B loaded with all 0s 

CoUTB 

70 

70 

pF max 


Couta 

140 

140 

pF max 

DAC A, DAC B loaded with all Is 

Cqutb 

140 

140 

pF max 


Channel-to-Channel Isolation 

Vrefa to Ioutb 

-84 

~ 

dB typ 

Vrefa = 20V p-p 10kHz sine wave, Vrefb = 0V. 

Both DACs loaded with all Is. 

Vrefb to Iouta 

-84 


dB typ 

Vrefb = 20V p-p 10kHz sine wave, V RE fa = 0V. 

Both DACs loaded with all Is. 

Pigital Crosstalk 

7 


nV-styp 

Measured for a Code Transition of all 0s to all Is. 

Iouta j Ioutb load = 100ft, Cext — 13pF. 

Output Noise Voltage Density 
(lOHz-lOOkHz) 

25 

“ 

nV/ VHz typ 

Measured between Rfba and Iouta or Rfbb and Ioutb- 
Frequency of measurement is lOHz-lOOkHz. 

Total Harmonic Distortion 

-82 

- 

dBtyp 

Vin = 6V rms, 1kHz. Both DACs loaded with all Is. 


NOTES 

'Temperature range as follows: J,K,L Versions: -40°Cto + 85°C. 

A, B,C Versions: -40°Cto +85°C. 
S, T, U Versions: - 55°C to + 125°C. 
^Sample tested at 25°C to ensure compliance, 
functional at V DD = 5 V with degraded specifications. 

4 Pin 12 (DGND) on ceramic packages is connected to lid. 
Specifications subject to change without notice. 
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AD7537 


TIMING CHARACTERISTICS <V ra = 10.8V to 16.5V, = V m = +10V, U = AGNDA = OV, W, = AGNDB = OV). 


Parameter 

Limit at 

T a = +25°C 

Limit at 

T a = — 40°C to +85°C 

Limit at 

T a = +55°C 
to + 125°C 

Units 

Test Conditions/Comments 

ti 

15 

15 

30 

ns min 

Address Valid to Write Setup Time 

t 2 

15 

15 

25 

ns min 

Address Valid to Write Hold Time 

t 3 

60 

80 

80 

ns min 

Data Setup Time 

*4 

25 

25 

25 

ns min 

Data Hold Time 

t 5 

0 

0 

0 

ns min 

Chip Select or Update to Write Setup Time 

4 

0 

0 

0 

ns min 

Chip Select or Update to Write Hold Time 

t 7 

80 

80 

100 

ns min 

Write Pulse Width 

tg 

80 

80 

100 

ns min 

Clear Pulse Width 


NOTE 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


(T a = 25°C unless otherwise stated) 

V DD to DGND -0.3V, + 17V 

Vrefaj Vr EF b to AGNDA, AGNDB ±25V 

Vrfbaj Vr F bb to AGNDA, AGNDB ±25V 

Digital Input Voltage to DGND -0.3V, V DD + 0.3V 

Iouta> Ioutb to DGND — 0.3V, V DD +0.3V 

AGNDA, AGNDB to DGND -0.3V, V DD +0.3V 

Power Dissipation (Any Package) 

To +75°C 450mW 

Derates above + 75°C 6mW/°C 

Operating Temperature Range 

Commercial (J, K, L Versions) - 40°C to + 85°C 

Industrial (A, B, C Versions) -40°Cto+85°C 

Extended (S, T, U Versions) . - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


I — *’-*1 

T “Vi 


I |— < 

7T7 w— ■ 


mmzzzzm ; 


M 

h — 16 — 1 

LJ i 

) 




NOTES 

1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 
90% OF +5V. t r = t f = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS IL 


Figure 1. Timing Diagram for AD7537 


ORDERING INFORMATION 1 ’ 2 


Relative 

Accuracy 

Tmin-Tmax 

Gain 

Error 

T min — T max 

Temperature Range and Package Options 3 

0 to + 70°C 

— 25°C to 
+ 85°C 

- 55°C to 
+ 125°C 



Plastic DIP (N-24) 

Hermetic (Q-24) 

Hermetic (Q-24) 

± 1LSB 

± 6LSB 

AD7537JN 

AD7537AQ 

AD7537SQ 

± 1/2LSB 

±3LSB 

AD7537KN 

AD7537BQ 

AD7537TQ 

± 1/2LSB 

± 1LSB 

AD7537LN 

AD7537CQ 


± 1/2LSB 

± 2LSB 



AD7537UQ 



PLCC 4 (P-28A) 


LCCC 5 (E-28A) 

± 1LSB 

± 6LSB 

AD7537JP 


AD7537SE 

± 1/2LSB 

± 3LSB 

AD7537KP 


AD7537TE 

± 1/2LSB 

± 1LSB 

AD7537LP 



± 1/2LSB 

±2LSB 



AD7537UQ 


NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 

Contact your local sales office for military data sheet. For U.S. Standard Military Drawing, 
see DESC drawing #5962-87763. 

2 Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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CIRCUIT INFORMATION - D/A SECTION 

The AD7537 contains two identical 12-bit multiplying D/A 
converters. Each DAC consists of a highly stable R-2R ladder 
and 12 N-channel current steering switches. Figure 2 shows 
a simplified D/A circuit for DAC A. In the R-2R ladder, 
binary weighted currents are steered between Iouta and 
AGNDA. The current flowing in each ladder leg is constant, 
irrespective of switch state. The feedback resistor Rfba is 
used with an op amp to convert the current flowing in Iouta 
to a voltage output. 


R R 



EQUIVALENT CIRCUIT ANALYSIS 

Figure 3 shows the equivalent circuit for one of the D/A 
converters (DAC A) in the AD7537. A similar equivalent 
circuit can be drawn for DAC B. 

Cout is the output capacitance due to the N-channel switches 
and varies from about 50pF to 150pF with digital input 
code. The current source I L kg is composed of surface and 
junction leakages and approximately doubles every 10°C. Ro 
is the equivalent output resistance of the device which varies 
with input code. 

R 



Figure 3. Equivalent Analog Circuit for DAC A 

DIGITAL CIRCUIT INFORMATION 

The digital inputs are designed to be both TTL and 5V 
CMOS compatible. All logic inputs are static protected MOS 
gates with typical input currents of less than InA. 


DIP 


AGNDA 

•OUTA 

Rfba 

Vrefa 

CS 

DBO 

DB1 

DB2 

DB3 

DB4 

DB5 

DGND 


□ 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 


B 

~23~| 

"zz] 

B 

B 

B 

3 

B 

B 

B 

B 

B 


AD7537 
TOP VIEW 
(Not to Scale) 


AGNDB 


Rfbb 

Vrefb 

Vdd 

UPD 

WR 

CLR 

A1 

AO 

DB7 

DB6 


PIN CONFIGURATIONS 
LCCC 


PLCC 


4 3 2 1 28 27 26 




PIN FUNCTION DESCRIPTION (DIP) 


PIN 

MNEMONIC 

DESCRIPTION 

1 

AGNDA 

Analog Ground for DAC A. 

2 

Iouta 

Current output terminal of DAC A. 

3 

Rfba 

Feedback resistor for DAC A. 

4 

Vrefa 

Reference input to DAC A. 

5 

CS 

Chip Select Input. Active low. 

6-14 

DB0-DB7 

Eight data inputs, DB0-DB7. 

12 

DGND 

Digital Ground. 

15 

AO 

Address LineO. 

16 

A1 

Address Line 1 . 

17 

CLR 

Clear Input. Active low. Clears all registers. 

18 

WR 

Write Input. Active low. 

19 

UPD 

Updates DAC Registers from inputs registers. 

20 

Vdd 

Power supply input. Nominally + 12V to + 15V, with ± 10% tolerance. 

21 

Vrefb 

Reference input to DAC B . 

22 

Rfbb 

Feedback resistor for DAC B. 

23 

Ioutb 

Current output terminal of DAC B . 

24 

AGNDB 

Analog Ground for DAC B . 
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ANALOG 

DEVICES 


LC 2 M0S 

(juP-Compatible 14-Bit OAC 

AD7538 


FEATURES 

All Grades 14-Bit Monotonic over the Full Temperature 
Range 

Low Cost 14-Bit Upgrade for 12-Bit Systems 
14-Bit Parallel Load with Double Buffered Inputs 
Small 24-Pin, 0.3" DIP 

Low Output Leakage (<20nA) over the Full 
Temperature Range 

APPLICATIONS 

Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 

Control and Measurement in High Temperature 
Environments 


GENERAL DESCRIPTION 

The AD7538 is a 14-bit monolithic CMOS D/A converter which 
uses laser trimmed thin-film resistors to achieve excellent 
linearity. 

The DAC is loaded by a single 14-bit wide word using standard 
Chip Select and Memory Write Logic. Double buffering, which 
is optional using LDAC, allows simultaneous update in a system 
containing multiple AD7538s. 

A novel low leakage configuration (U.S. Patent No. 4,590,456) 
enables the AD7538 to exhibit excellent output leakage current 
characteristics over the specified temperature range. 

The AD7538 is manufactured using the Linear Compatible 
CMOS (LC 2 MOS) process. It is speed compatible with most 
microprocessors and accepts TTL or CMOS logic level inputs. 


AD7538 FUNCTIONAL BLOCK DIAGRAM 

Vdd 



PRODUCT HIGHLIGHTS 

1. Guaranteed Monotonicity 

The AD7538 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Cost 

The AD7538, with its 14-bit dynamic range, affords a low 
cost solution for 12-bit system upgrades. 

3. Small Package Size 

The AD7538 is packaged in a small 24-pin, 0.3" DIP. 

4. Low Output Leakage 

By tying V S s (Pin 24) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

5. Wide Power Supply Tolerance 

The device operates on a + 12 to + 15V V DD5 with a ± 5% 
tolerance on this nominal figure. All specifications are guaran- 
teed over this range. 


DIGITAL-TO-ANALOG CONVERTERS 2-267 







CPETinPATinN? 1 (VoD=+11-4Vto +15.75V 2 , V RiF =+ 10 V ; V HN3 =Vp m4 =0V,V ss =-300mV 
Ol Lll III bn 1 1 U NO All specifications T min to unless otherwise stated.) 


Parameter 

J»K 

Versions 

A, B 

Versions 

S Version 

T Version 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

14 

14 

14 

14 

Bits 


Relative Accuracy 

±2 

±1 

±2 

±1 

LSB max 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSB max 

over temperature. 

Full-Scale Error 






Measured using internal Rfb 

+ 25°C 

±4 

±4 

±4 

±4 

LSB max 

DAC registers loaded with 

Tmin - Tmax 

±8 

±5 

±10 

±6 

LSB max 

all Is. 

Gain Temperature Coefficient 3 ; 







AGain/AT emperature 

±2 

±2 

±2 

±2 

ppm/°C typ 


Output Leakage Current I 0 ut (Pin 3) 







+ 25°C 

±5 

±5 

±5 

±5 

nA max 

All digital inputs 0V 

Tmin tO Tmax 

±10 

±10 

±20 

±20 

nA max 

V ss =— 300mV 

Tmin tO T max 

±25 

±25 

±150 

±150 

nA max 

V ss = 0V 

REFERENCE INPUT 







Input Resistance, Pin 1 

3.5 

3.5 


3.5 

kftmin 

Typical Input Resistance = 6kft 


10 

10 


10 

kflmax 


DIGITAL INPUTS 







Vjh (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 

Vmax 


Ixn (Input Current) 







+ 25°C 

±1 

±1 

±1 

±1 

|aA max 

V IN = 0VorV DD 

Tmin tO Tmax 

±10 

±10 

±10 

±10 

pA max 


Cxn (Input Capacitance) 3 

7 

7 

7 

7 

pFmax 


POWER SUPPLY 







V DD Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

Vmin/V max 

Specification guaranteed over 

V S s Range 

-200/ -500 

-200/ -500 

-200/ -500 

-200/ -500 

mV min/mV max 

this range 

Idd 

4 

4 

4 

4 

mA max 

All digital inputs V IL or Vih 


500 

500 

500 

500 

(xA max 

All digital inputs 0V or Vdd 


These characteristics are included for Design Guidance only and are not subject to test 

ip DCDrnDMAMPC PUADAPTKTDICTIPC ^ DD = + 1575V, V REF = 10\^ V pm3 = V P | N4 == QV y Vss = OV OR — 30QmV, 

Ab PERFORMANCE CHARACTERISTIC^ Output Amplifier is AD71 1 except where stated.) 


Parameter 

T a = 25 0 CT a 

T mim T m ax 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 


fxs max 

To 0.003% of full-scale range. 

Iout load = 1000, 

Cext^ 13pF. DAC register alternately 
loaded with all Is and all 0s. 

Typical value of Settling Time 
is 0.8|xs. 

Digital to Analog Glitch Impulse 

20 


nV-sec typ 

Measured with Vref = 0V. I 0 ut load 
= 100D, C EX t = 13pF. DAC 
register alternately loaded with all 

Is and all 0s. 

Multiplying Feedthrough Error 

3 

5 

mV p-p typ 

Vref= ± 10V, 10kHz sine wave 

DAC register loaded with all 0s. 

Power Supply Rejection 





AGain/AVoD 

±0.01 

±0.02 

% per % max 

AV DD = ±5% 

Output Capacitance 





Cour(Pin3) 

260 

260 

pF max 

DAC register loaded with all Is 

Cout (Pi 11 3) 

130 

130 

pF max 

DAC register loaded with all 0s 

Output Noise Voltage Density 



nVVHztyp 


(lOHz-lOOkHz) 

15 

- 

Measured between R FB and Iout 


NOTES 

‘Temperature range as follows: 

J, K Versions: 0 to + 70°C 

A, B Versions: - 25°C to + 85°C 

S, T Versions: - 55°C to + 125°C 

specifications are guaranteed for a V DD of + 11.4V to + 15.75V. At V DD = 5V, the device is fully functional with degraded specifications. 
Sample tested to ensure compliance. 

Specifications subject to change without notice. 


2-268 DIGIT AL-TO- ANALOG CONVERTERS 

























AD7538 


TIMING CHARACTERISTICS 1 


(V DD = + 11.4V to +15.75V,V ref = +10V,Vp* 3 =Vp W4 =0V,V ss =0Vor -300mV 
All specifications T min to T,^ unless otherwise stated. See Figure 1 for Timing Diagram.) 




Limit at 





Limit at 

T A = 0to+70°C 

Limit at 



Parameter 

T A = 25°C 

T a = — 25°C to +85°C 

T a = — 55°C to + 125°C 

Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to WR Setup Time 

t 2 

0 

0 

0 

ns min 

CS to WR Hold Time 

t3 

170 

200 

240 

ns min 

LDAC Pulse Width 

u 

170 

200 

240 

ns min 

Write Pulse Width 

t5 

140 

160 

180 

ns min 

Data Setup Time 

t6 

20 

20 

30 

ns min 

Data Hold Time 


NOTES 

'Temperature range as follows: J, K Versions: 0 to + 70°C 

A, B Versions: - 25°C to + 85°C 

S,T Versions: - 55°Cto + 125°C 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise stated) 

V DD (Pin 23) to DGND -0.3V, + 17V 

V ss (Pin 24) to AGND - 15V, + 0.3V 

V REF (Pin 1) to AGND ±25V 

V RFB (Pin 2) to AGND ±25V 

Digital Input Voltage (Pins 6-22) 

to DGND -0.3V, V DD +0.3V 

Vpi N3 to DGND -0.3V, V DD + 0.3V 

AGND to DGND -0.3V, V DD +0.3V 

Power Dissipation (Any Package) 

To + 75°C lOOOmW 

Derates above +75°C 10mW/°C 


Operating Temperature Range 

Commercial (J, K versions) 0 to +70°C 

Industrial (A, B versions) - 25°C to + 85°C 

Extended (S, T versions) -55°C to + 125°C 

Storage Temperature — 65°C to + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


WARNING! 


ESD SENSITIVE DEVICE 


—•■I k- ~m\ h— 


1 1 6 

-I* M 


PIN CONFIGURATION 


(MSB) DB13 \ 6 | AD7538 19j DB0 ( 

Jld TOP VIEW nr 
DB12 I 7 | (Not to Scale) 18 DB1 


NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURES FROM 10% TO 
90% OF + 5V. t r = t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V| - H - L . Y i L 

3. If LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF WR. 

THEN IT MUST STAY LOW FOR t 3 or LONGER AFTER WR GOES HIGH. 

Figure 7. AD7538 Timing Diagram 
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TERMINOLOGY 


RELATIVE ACCURACY 

Relative accuracy or end-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally 
expressed in Least Significant Bits or as a percentage of full-scale 
reading. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1LSB max over 
the operating temperature range ensures monotonicity. 

GAIN ERROR 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all Is in 
the DAC after offset error has been adjusted out and is expressed 
in Least Significant Bits. Gain error is adjustable to zero with 
an external potentiometer. 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to- Ana- 
log Glitch Impulse. This is normally specified as the area of the 
glitch in either pA-secs or nV-secs depending upon whether the 
glitch is measured as a current or voltage. It is measured with 
Vref = AGND. 

OUTPUT CAPACITANCE 

This is the capacitance from I 0 ut to AGND. 

OUTPUT LEAKAGE CURRENT 

Output Leakage Current is current which appears at I 0 ut with 
the DAC register loaded to all Os. 

MULTIPLYING FEEDTHROUGH ERROR 

This is the ac error due to capacitive feedthrough from Vref 
terminal to Iqut with DAC register loaded to all zeros. 


ORDERING INFORMATION 




| T emperature Range and Package Options* 

Relative Accuracy 
Tmin tO T max 

Full Scale Error 
T m j n to T max 

Plastic (N-24) 
Oto +70°C 

Hermetic (Q-24) 

— 25°C to +85°C 

Hermetic (Q-24) 

— 55°C to + 125°C 

±2LSB 
± 1LSB 

±8LSB 

±4LSB 

AD7538JN 

AD7538KN 

AD7538AQ 

AD7538BQ 

AD7538SQ 

AD7538TQ 


*See Section 14 for package outline information. 
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PIN FUNCTION DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

1 Vref 

2 Rfb 

3 loUT 

4 AGND 

5 DGND 
6-19 DB13-DB0 

20 LDAC 

21 CS_ 

22 WR 


C5 

i.daC 

WK 

OPERATION 

0 

1 

0 

Load Input Register. 

1 

0 

X 

Load DAC Register from Input Register. 

0 

0 

0 

Input and DAC Registers are transparent 

1 

1 

X 

No operation. 

X 

1 

1 

No operation. 


NOTE: X = Don’t Care. 


Voltage Reference. 

Feedback resistor. Used to close the loop around an external op amp. 
Current Output Terminal. 

Analog Ground 
Digital Ground 

Data Inputs. Bit 13 (MSB) to Bit 0 (LSB). 

Chip Select input. Active LOW. 

Asynchronous Load DAC input. Active LOW. 

Write input. Active LOW. 


23 Vdd + 12V to + 15V supply input. 

24 V ss Bias pin for High T emperature Low Leakage configuration . T o implement low leakage system, 

the pin should be at a negative voltage. See Figures 4 and 5 for recommended circuitry. 

CIRCUIT INFORMATION 



Figure 2. Simplified Circuit Diagram for the AD7538 D/A 
Section 


D/A SECTION 

Figure 2 shows a simplified circuit diagram for the AD7538 
D/A section. The three MSBs of the 14-bit Data Word are 
decoded to drive the seven switches A-G. The 11 LSBs of the 
Data Word consist of an R-2R ladder operated in a current 
steering configuration. 

The R-2R ladder current is 1/8 of the total reference input 
current. 7/8 I flows in the parallel ladder structure. Switches 
A-G steer equally weighted currents between I 0 ut and AGND. 

Since the input resistance at Vref is constant, it may be driven 
by a voltage source or a current source of positive or negative 
polarity. 

EQUIVALENT CIRCUIT ANALYSIS 

Figure 3 shows an equivalent circuit for the analog section of 
the AD7538 D/A converter. The current source Ileakage is 
composed of surface and junction leakages. The resistor Ro 
denotes the equivalent output resistance of the DAC which 
varies with input code. C 0 ut is the capacitance due to the current 
steering switches and varies from about 90pF to 180pF (typical 
values) depending upon the digital input. g(VREF> N) is 


the Thevenin equivalent voltage generator due to the reference 
input voltage, Vref s and the transfer function of the DAC 
ladder, N. 



Figure 3. AD7538 Equivalent Analog Output Circuit 

DIGITAL SECTION 

The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. To minimize power 
supply currents, it is recommended that the digital input voltages 
be driven as close as possible to 0 and 5V logic levels. 
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UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2 quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when high-speed op amps are used. 



Figure 4. Unipolar Binary Operation 


Binary Number In 
DAC Register 

MSB LSB 

ii mi mi nil 
10 oooo oooo oooo 
00 0000 0000 0001 
00 oooo oooo oooo 


Analog Output, Vout 

-MU) 

-Mil) =-l/2V IN 

~ VlN (l63l4 ) 


ov 


Table I. Unipolar Binary Code Table for AD7538 


For zero offset adjustment, the DAC register is loaded with all 
0s and amplifier offset (Vos) adjusted so that Vout is 0V. Adjusting 
Vout to 0V is not necessary in many applications, but it is 
recommended that V 0 s he no greater than (25 x 10 -6 ) (Vref) to 
maintain specified DAC accuracy (see Applications Hints). 

Full-scale trimming is accomplished by loading the DAC register 
with all Is and adjusting R1 so that V 0 uta = - Vin (16383/16384). 
For high temperature operation, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7538, Gain Error trimming is not necessary. In fixed 
reference applications, full scale can also be adjusted by omitting 
R1 and R2 and trimming the reference voltage magnitude. 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. The code table for 
Figure 5 is given in Table II. 

With the DAC loaded to 10 0000 0000 0000, adjust R1 for 
Vo = 0V. Alternatively, one can omit Rl and R2 and adjust the 
ratio of R5 and R6 for Vo=0V. Full-scale trimming can be 
accomplished by adjusting the amplitude of Vin or hy varying 
the value of R7. 

The values given for Rl, R2 are the minimum necessary to 
calibrate the system for resistors, R5, R6, R7 ratio matched to 
0.1%. System linearity error is independent of resistor ratio 
matching and is affected by DAC linearity error only. 

When operating over a wide temperature range, it is important 
that the resistors be of the same type so that their temperature 
coefficients match. 

For further information see “CMOS DAC Application Guide”, 
3rd Edition, Publication Number G872b-8-l/89 available from 
Analog Devices. 



Figure 5. Bipolar Operation 


Binary Number in 

DAC Register 

MSB LSB 

Analog Output Vout 

11 

mi 

nil 

nil 

+v,n| 

^819l\ 

i8192/ 

10 

oooo 

oooo 

0001 

+Vi N | 

>8192 / 

10 

oooo 

oooo 

oooo 

OV 

01 

mi 

nil 

nil 

-Vin| 

UJ 

1,8192; 

00 

oooo 

oooo 

oooo 

-Vin| 

f8192\ 

1,8192; 


Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 5. 
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LOW LEAKAGE CONFIGURATION 

For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures, the output leakage current increases. 

For a 14-bit resolution system, this can be a significant source 
of error. The AD7538 features a leakage reduction configuration 
(U.S. Patent No. 4,590,456) to keep the leakage current low 
over an extended temperature range. One may operate the device 
with or without this configuration. If V S s (Pin 24) is tied to 
AGND then the DAC will exhibit normal output leakage current 
at high temperatures. To use the low leakage facility, Vss should 
be tied to a voltage of approximately -0.3V as in Figures 4 and 
5. A simple resistor divider (R3, R4) produces approximately 
- 300mV from - 15V. The capacitor C2 in parallel with R3 is 
an integral part of the low leakage configuration and must be 
4.7|xF or greater. Figure 6 is a plot of leakage current versus 
temperature for both conditions. It clearly shows the improvement 
gained by using the low leakage configuration. 



30 40 50 60 70 80 90 100 110 120 

TEMPERATURE - °C 

Figure 6. Graph of Typical Leakage Current vs. 
Temperature for AD7538 

PROGRAMMABLE GAIN AMPLIFIER 

The circuit shown in Figure 7 provides a programmable gain 
amplifier (PGA). In it the DAC behaves as a programmable 
resistance and thus allows the circuit gain to be digitally 
controlled. 


DIGITAL 

INPUT 



Figure 7. Programmable Gain Amplifier (PGA) 


The transfer function of Figure 7 is: 


Req is the equivalent transfer impedance of the DAC from the 
Vref pin to the Iout pin and can be expressed as 


Where: n is the resolution of the DAC 

N is the DAC input code in decimal 
Rin is the constant input impedance of the 
DAC (Rin = Rlad) 

Substituting this expression into Equation 1 and assuming zero 
gain error for the DAC (Rin = Rfb) the transfer function simplifies 


The ratio N/2 n is commonly represented by the term D and, as 
such, is the fractional representation of the digital input word. 


Equation 4 indicates that the gain of the circuit can be varied 
from 16,384 down to unity (actually 16,384/16,383) in 16,383 
steps. The all 0s code is never applied. This avoids an open-loop 
condition thereby saturating the amplifier. With the all 0s code 
excluded there remains 2 n - 1 possible input codes allowing a 
choice of 2 n - 1 output levels. In dB terms the dynamic range is 


20 log 10 (2 n — 1) = 84dB. 


APPLICATION HINTS 

Output Offset: CMOS D/A converters in circuits such as Figures 
4 and 5 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this error, which 
adds to the D/A converter nonlinearity, depends on V 0 s> where 
Vos is the amplifier input offset voltage. To maintain specified 
accuracy with Vref at 10V, it is recommended that V 0 s be no 
greater than 0.25mV, or (25 x 10" 6 ) (V RE f)> over the temperature 
range of operation. The AD711 is a suitable op amp. The op 
amp has a wide bandwidth and high slew rate and is recommended 
for ac and other applications requiring fast settling. 

General Ground Management: Since the AD7538 is specified 
for high accuracy, it is important to use a proper grounding 
technique. AC or transient voltages between AGND and DGND 
can cause noise injection into the analog output. The simplest 
method of ensuring that voltages at AGND and DGND are 
equal is to tie AGND and DGND together at the AD7538. In 
more complex systems where the AGND and DGND intertie is 
on the backplane, it is recommended that two diodes be connected 
in inverse parallel between the AD7538 AGND and DGND 
pins (1N914 or equivalent). 
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MICROPROCESSOR INTERFACING 

The AD7538 is designed for easy interfacing to 16-bit micropro- 
cessors and can be treated as a memory mapped peripheral. 

This reduces the amount of external logic needed for interfacing 
to a minimal. 

AD7538-8086 INTERFACE 

Figure 8 shows the 8086 processor interface to a single device. 
In this setup the double buffering feature (using LDAC) of the 
DAC is not used. The 14-bit word is written to the DAC in one 
MOV instruction and the analog output responds immediately. 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 8. AD7538 - 8086 Interface Circuit 


In a multiple DAC system the double buffering of the AD7538 
allows the user to simulatenously update all DACs. In Figure 9, 
a 14-bit word is loaded to the Input Registers of each of the 
DACs in sequence. Then, with one instruction to the appropriate 
address, CS4 (i.e., LDAC) is brought low, updating all the 
DACs simultaneoulsy. 



Figure 9. AD7538 - 8086 Interface: Multiple DAC 
System 


AD7538-MC68000 INTERFACE 

Figure 10 shows the MC68000 processor interface to a single 
device. In this setup the double buffering feature of the DAC is 
not used and the appropriate data is written into the DAC in 
one MOVE instruction. 



Figure 10. AD7538 - MC68000 Interface 

DIGITAL FEEDTHROUGH 

The digital inputs to the AD7538 are directly connected to the 
microprocessor bus in the preceding interface configurations. 
These inputs will be constantly changing even when the device 
is not selected. The high frequency logic activity on the bus can 
feed through the DAC package capacitance to show up as noise 
on the analog output. To minimize this Digital Feedthrough 
isolate the DAC from the noise source. Figure 1 1 shows an 
interface circuit which uses this technique. All data inputs are 
latched from the bus by the CS signal. One may also use other 
means, such as peripheral interface devices, to reduce the Digital 
Feedthrough. 



•UNEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 1 1. AD7538 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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□ ANALOG CMOS 12-Bit 

DEVICES Monolithic Multiplying DAC 

AD7541A 


FEATURES 

Improved Version of AD7541 
Full Four Quadrant Multiplication 
12-Bit Linearity (End-Point) 

All Parts Guaranteed Monotonic 
TTL/CMOS Compatible 
Low Cost 

Protection Schottky Not Required 
Low Logic Input Leakage 


AD7541A FUNCTIONAL BLOCK DIAGRAM 



DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to loUTl f° r 

its digital input in a "HIGH” state. 


GENERAL DESCRIPTION 

The Analog Devices’ AD7541A is a low cost, high performance 
12-bit monolithic multiplying digital to analog converter. It is 
fabricated using advanced, low noise, thin film on CMOS tech- 
nology and is available in a standard 18-pin DIP and in 20-terminal 
surface mount packages. 

The AD7541A is functionally and pin compatible with the industry 
standard AD7541 device and offers improved specifications and 
performance. The improved design ensures that the device is 
latch-up free so no output Schottky protection diodes are 
required. 

This new device uses laser wafer trimming to provide full 12-bit 
end-point linearity with several new high performance grades. 


ORDERING INFORMATION 1 ’ 2 


PRODUCT HIGHLIGHTS 

Comparability: The AD7541A can be used as a direct replacement 
for any AD754 1-type device. As with the Analog Devices AD7541, 
the digital inputs are TTL/CMOS compatible and have been 
designed to have a ± l|xA maximum input current requirement 
so as not to load the driving circuitry. 

Improvements: The AD7541A offers the following improved 
specifications over the AD7541: 

1. Gain Error for all grades has been reduced with premium 
grade versions having a maximum gain error of ± 3LSB. 

2. Gain Error temperature coefficient has been reduced to 2ppm / 
°C typical and 5ppm/°C maximum. 

3. Digital to analog charge injection energy for this new device 
is typically 20% less than the standard AD7541 part. 

4. Latch-up proof. 

5. Improvements in laser wafer trimming provides 1/2LSB max 
differential nonlinearity for top grade devices over the operating 
temperature range (vs. 1LSB on older 7541 types). 

6. All grades are guaranteed monotonic to 12 bits over the 
operating temperature range. 


Relative 
Accuracy, LSB 
TmintO T max 

Gain 

Error, LSB 
T a = +25°C 

Temperature Range and Package Options 3 

Oto +70°C 

— 25°C to +85°C 

— 55°C to + 125°C 



Plastic DIP (N-18) 

Hermetic (Q-18) 

Hermetic (Q-18) 

±1 

±6 

AD7541AJN 

AD7541AAQ 

AD7541ASQ 

±1/2 

±1 

AD7541AKN 

AD7541ABQ 

AD7541ATQ 



PLCC 4 (P-20 A) 


LCCC 5 (E-20A) 

±1 

±6 

AD7541AJP 


AD7541ASE 

±1/2 

±1 

AD7541AKP 


AD7541ATE 


NOTES 

*To order MIL-STD-883, Class B processed parts, add/883B to part number. 

Contact your local sales office for military data sheet. 

2 Analog Devices reserves to right to ship ceramic packages (package outline D-18) in lieu of cerdip packages 
, (package outline Q-18). 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS «„= 

+ 15^ = 

+ 10V; OUT 1 

= OUT 2 = 

GND = OV unless otherwise specified) 



Ta = 

msm 



Parameter 

Version 

+ 25°C 

meauBi 

Units 

Test Conditions/Comments 

ACCURACY 






Resolution 

All 

12 

12 

Bits 


Relative Accuracy 

J, A,S 

±1 

±1 

LSB max 

± 1LSB = ± 0.024% of Full Scale 


K,B,T 

±1/2 

±1/2 

LSB max 

± 1/2LSB = ±0.012% of Full Scale 

Differential Nonlinearity 

J, A, S 

±1 

±1 

LSB max 

All grades guaranteed monotonic 


K,B,T 

±1/2 

±1/2 

LSB max 

to 12 bits, Tmin to Tmax 

Gain Error 

J, A,S 

± 6 

±8 

LSB max 

Measured using internal Rfb and includes 


K,B,T 

±3 

±5 

LSB max 

effect of leakage current and gain T.C. 

Gain error can be trimmed to zero. 

Gain Temperature Coefficient 2 
AGain/ATemperature 

Output Leakage Current 

All 

5 

5 

ppm/°C max 

Typical value is 2ppm/°C. 

OUT1 (Pin 1) 

Jj K 

±5 

±10 

nA max 

All digital inputs = 0V. 


A,B 

±5 

±10 

nA max 



S,T 

±5 

±200 

nA max 


OUT 2 (Pin 2) 

J,K 

±5 

±10 

nA max 

All digital inputs = V DD . 


A, B 

±5 

±10 

nA max 



S,T 

±5 

±200 

nA max 


REFERENCE INPUT 






Input Resistance (Pin 17 to GND) 

All 

7-18 

7-18 

kH min/max 

Typical input resistance = llkfl. 

Typical input resistance temperature coefficient = 

- 300ppm/°C. 

DIGITAL INPUTS 






Vih (Input HIGH Voltage) 

All 

2.4 

2.4 

V min 


V IL (Input LOW Voltage) 

All 

0.8 

0.8 

V max 


I in (Input Current) 

All 

±1 

± 1 

|aA max 

Logic inputs are MOS gates. I 1N typ (25°C) = InA. 

Cin (Input Capacitance) 2 

All 

8 

8 

pF max 

V IN = OV 

POWER SUPPLY REJECTION 






AGain/AV DD 

All 

±0.01 

±0.02 

%per% max 

AV dd = ±5% 

POWER SUPPLY 






V DD Range 

All 

+ 5 to + 16 

+ 5 to + 16 

V min/V max 

Accuracy is not guaranteed over this range. 

Idd 

All 

2 

2 

mA max 

All digital inputs Vi L or Vih- 



100 

500 

|xA max 

All digital inputs 0V or Vdd- 


AC PERFORMANCE CHARACTERISTICS 

These Characteristics are Included for Design Guidance Only and are not Subject to Test 

Vpo = +15 V,V, n = + 10V except where stated, OUT 1 = OUT 2 = GND = OV, Output Amp is AD544 except where stated. 


Parameter 

Version 1 

t a = 

+ 25°C 

T a = 

Tmin> T max ] 

Units 

Test Conditions/Comments 

PROPAGATION DELAY (From Digital Input 
Change to 90% of Final Analog Output) 

All 

100 


ns typ 

OUT 1 Load = 100DC EX t = 13pF 

Digital Inputs = 0V to Vdd or Vdd to 0V. 

DIGITAL TO ANALOG GLITCH 

IMPULSE 

All 

1000 


nV-sec typ 

Vref = 0V. All digital inputs 0V to V D d or V D d 
toOV. 

Measured using Model 50K as output amplifier. 

MULTIPLYING FEEDTHROUGH ERROR 3 

(Vref to OUT1) 

All 

1.0 

- 

mV p-p typ 

Vref = ± 10V, 10kHz sine wave. 

OUTPUT CURRENT SETTLING TIME 

All 

0.6 

- 

M-s typ 

To 0.0 1% of full scale range. 






OUT1 load = 100n,C EX T = 13pF. 

Digital inputs = 0V to V D d or Vdd to 0V 

OUTPUT CAPACITANCE 

Couti (Phi 1) 

All 

200 

200 

pF max 

Digital Inputs 

Cotm (Phi 2) 

All 

70 

70 

pF max 

=v IH 

Couti (Phi 1) 

All 

70 

70 

pF max 

Digital Inputs 

Cotm (Phi 2) 

All 

200 

200 

pF max 

=v IL 


NOTES 

'Temperature range as follows: J,K versions: 0to+70°C 

A, B versions: - 25°C to + 85°C 
S, T versions: - 55°C to + 125°C. 

Guaranteed by design but not production tested. 

3 To minimize feedthrough in the ceramic package (Suffix D) the user must ground the metal lid. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 

(Ta = + 25°C unless otherwise noted) 

Vdd to GND 

Vref to GND 

Vrfb to GND 

Digital Input Voltage to GND 

OUT 1, OUT 2 to GND 

Power Dissipation (Any Package) 

To +75°C 

Derates above + 75°C 


+ 17V 

±25V 

±25V 

-0.3V, V DD + 0.3V 
-0.3V, V DD +0.3V 

450mW 

6mW/°C 


Operating Temperature Range 

Commercial (J, K versions) 0 to + 70°C 

Industrial (A, B versions) — 25°C to -f 85°C 

Extended (S, T versions) -55°C to + 125°C 

Storage Temperature — 65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 
RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full scale and is expressed in % of full 
scale range or (sub)multiples of 1LSB. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1LSB max over 
the operating temperature range insures monotonicity. 

GAIN ERROR 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output. For the 

/ 4095 \ 

AD7541A, ideal maximum output is -[ ) (Vref )• Gain 

error is adjustable to zero using external trims as shown 
in Figures 4, 5 and 6. 


OUTPUT LEAKAGE CURRENT 

Current which appears at OUT1 with the DAC loaded to all Os 
or at OUT2 with the DAC loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 

AC error due to capacitive feedthrough from Vref terminal to 
OUT1 with DAC loaded to all Os. 

OUTPUT CURRENT SETTLING TIME 

Time required for the output function of the DAC to settle to 
within 1/2LSB for a given digital input stimulus, i.e., 0 to Full 
Scale. 

PROPAGATION DELAY 

This is a measure of the internal delay of the circuit and is 
measured from the time a digital input changes to the point at 
which the analog output at OUT1 reaches 90% of its final value. 

DIGITAL-TO-ANALOG CHARGE INJECTION (QDA) 

This is a measure of the amount of charge injected from the 
digital inputs to the analog outputs when the inputs change 
state. It is usually specified as the area of the glitch in nV secs 
and is measured with Vref = GND and a Model 50K as the 
output op amp, Cl (phase compensation) = OpF. 


PIN CONFIGURATIONS 

DIP LCCC PLCC 




in <o O f*» oo 

H 2 H h- 

NC= NO CONNECT 5 5 5 5 
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GENERAL CIRCUIT INFORMATION 

The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used-that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent 
of the switch state. 



DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 

Logic: A switch is closed to Iouti for 

its digital input in a "HIGH" state. 

Figure 1. AD7541A Functional Diagram ( Inputs "High”) 

The input resistance at Vre F (Figure 1) is always equal to R L dr 
(Rldr is the R/2R ladder characteristic resistance and is equal 
to value “R”). Since Rin at the Vref pin is constant, the 
reference terminal can be driven by a reference voltage or a 
reference current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
Rfb is recommended to define scale factor.) 


Applications 

UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 4 shows the analog circuit connections required for 
unipolar binary (2-quadrant multiplication) operation. With a dc 
reference voltage or current (positive or negative polarity) 
applied at pin 17, the circuit is a unipolar D/A converter. With 
an ac reference voltage or current the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). The input/output 
relationship is shown in Table II. 

R1 provides full scale trim capability [i.e.-load the DAC 
register to 1111 1111 1111, adjust R1 for Voirr = “Vref 
( 4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 

Cl phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers. (Cl is used to cancel 
the pole formed by the DAC internal feedback resistance and 
output capacitance at OUT1). 

Amplifier A1 should be selected or trimmed to provide Vos — 
10% of the voltage resolution at V 0 ut- Additionally, the 
amplifier should exhibit a bias current which is low over the 
temperature range of interest (bias current causes output offset 
at Vout equal to Ib times the DAC feedback resistance, 
nominally 1 lkO). The AD544L is a high-speed implanted FET- 
input op amp with low factory-trimmed Vos* 


EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inputs LOW and all digital 
inputs HIGH are shown in Figures 2 and 3. In Figure 2 with all 
digital inputs LOW, the reference current is switched to OUT2. 
The current source Ileakage is composed of surface and 
junction leakages to the substrate, while the 1/4096 current 
source represents a constant 1-bit current drain through the 
termination resistor on the R-2R ladder. The “ON” capacitance 
of the output N-channel switch is 200pF, as shown on the 
OUT2 terminal. The “OFF” switch capacitance is 70pF, as 
shown on the OUT1 terminal. Analysis of the circuit for all 
digital inputs HIGH, as shown in Figure 3 is s imilar to Figure 
2; however, the “ON” switches are now on terminal OUT1, 
hence the 200pF at that terminal. 


VdD 


5 'LEAKAGE -r- 70pF 


R * 15k 
VrefO — VW- 


T. 



Figure 4. Unipolar Binary Operation 



Trim 

Resistor 

JN/AQ/SD 

KN/BQ/TD 


-O OUT1 

R1 

10011 

loon 


R2 

470 

330 


IrEF \ y '/4096 | y 'LEAKAGE 200pF 

Figure 2. AD7541A DAC Equivalent Circuit All Digital Inputs 
LOW 


Table I. Recommended Trim Resistor Values vs. Grades 


Binary Number in 
DAC 

MSB LSB 


R*15k 
VrefO — W v- 


IrEF { y '/4096 f y 'LEAKAGE -J- 200 P F 


I @ 'LEAKAGE - j . 70pF 

V V 


-o RFB 

1111 

1111 

1111 

-US) 

-OOUT1 

1000 

0000 

0000 

-US)- 

-OOUT2 

0000 

0000 

000 1 

~~ VlN ( 4096 ) 


0000 

0000 

0000 

0 Volts 


Analog Output, Vqut 


-1/2V in 


Figure 3. AD754 1A DAC Equivalent Circuit All Digital Inputs Table II. Unipolar Binary Code Table for Circuit 

HIGH of Figure 4 
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AD7541A 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

Figure S and Table III illustrate the circuitry and code relationship 
for bipolar operation. With a dc reference (positive or negative 
polarity) the circuit provides offset binary operation. With an ac 
reference the circuit provides full 4-quadrant multiplication. 

With the DAC loaded to 1000 0000 0000, adjust R1 for V 0 ut 
= 0V (alternatively, one can omit R1 and R2 and adjust the 
ratio of R3 to R4 for V 0 ut = 0V). Full scale trimming can be 
accomplished by adjusting the amplitude of Vref or by varying 
the value of R5. 

As in unipolar operation, A1 must be chosen for low Vos and 
low I B . R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or 2R3 causes Full Scale 
error. Cl phase compensation (lOpF to 50pF) may be required 
for stability, depending on amplifier used. 



Figure 5. Bipolar Operation (4-Quadrant Multiplication ) 


Binary Number in 

DAC 

MSB LSB 

Analog Output, Vout 

1111 

1111 

1111 

i v ( 2047 ) 

+ VlN \ 2048 / 

1000 

0000 

000 1 

+ VlN ( 2^8 ) 

1000 

0000 

0000 

OV 

0 111 

1111 

1111 

~ VlN ( 2048 ) 

0000 

0000 

0000 

V ( 2048 ) 

VlN v 2048 / 


Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 

Figure 6 shows an alternative method of achieving bipolar 
output. The circuit operates with sign plus magnitude code and 
has the advantage that it gives 12-bit resolution in each quadrant 
compared with 11-bit resolution per quadrant for the circuit of 
Figure 5. The AD7592 is a fully protected CMOS change-over 
switch with data latches. R4 and R5 should match each other to 
0.01% to maintain the accuracy of the D/A converter. Mismatch 
between R4 and R5 introduces a gain error. 



Figure 6. 12-Bit Plus Sign Magnitude Operation 


Sign 

Bit 

Binary Number in 

DAC 

MSB LSB 

Analog Output, Vqut 

0 

1111 

1111 

1111 

+ V IN ‘ 

( 4095 ) 

V 4096 / 

0 

0 0 0 0 

0000 

00 00 

0 Volts 


1 

00 0 0 

0000 

0000 

0 Volts 


1 

1111 

1111 

1111 

-V, N ‘ 

( 4095 ) 

V 4096 / 


Note: Sign bit of “0” connects R3 toGND. 


Table IV. 12- PI us Sign Magnitude Code Table for 
Circuit of Figure 6 


APPLICATIONS HINTS 

Output Offset: CMOS D/A converters exhibit a code dependent 
output resistance which in turn can cause a code dependent 
error voltage at the output of the amplifier. The maximum 
amplitude of this offset, which adds to the D/A converter 
nonlinearity, is 0.67 Vos where Vos is the amplifier input offset 
voltage. To maintain monotonic operation it is recommended 
that Vos be no greater than (25 x 10" 6 ) (Vref) over the temperature 
range of operation. Suitable op amps are AD517L and AD544L. 
The AD517L is best suited for fixed reference applications with 
low bandwidth requirements: it has extremely low offset (50|xV) 
and in most applications will not require an offset trim. The 
AD544L has a much wider bandwidth and higher slew rate and 
is recommended for multiplying and other applications requiring 
fast settling. An offset trim on the AD544L may be necessary in 
some circuits. 

Digital Glitches: One cause of digital glitches is capacitive 
coupling from the digital lines to the OUT1 and OUT2 
terminals. This should be minimized by screening the analog 
pins of the AD7541A (pins 1, 2, 17, 18) from the digital pins by 
a ground track run between pins 2 and 3 and between pins 16 
and 17 of the AD7541A. Note how the analog pins are at one 
end of the package and separated from the digital pins by Vdd 
and GND to aid screening at the board level. On-chip capacitive 
coupling can also give rise to crosstalk from the digital to analog 
sections of the AD7541A, particularly in circuits with high 
currents and fast rise and fall times. 
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Temperature Coefficients: The gain temperature coefficient of 
the AD7541A has a maximum value of 5ppm/°C and a typical 
value of 2ppm/°C. This corresponds to worst case gain shifts of 
2LSBs and 0.8LSBs respectively over a 100°C temperature 
range. When trim resistors R1 and R2 are used to adjust full 
scale range, the temperature coefficient of R1 and R2 should 
also be taken into account. The reader is referred to Analog 
Devices Application Note “Gain Error and Gain Temperature 
Coefficient of CMOS Multiplying DACs”, Publication Number 
E630c-5-3/86. 

SINGLE SUPPLY OPERATION 

Figure 7 shows the AD7541A connected in a voltage switching 
mode. OUT1 is connected to the reference voltage and OUT2 is 
connected to GND. The D/A converter output voltage is 
available at the V REF pin (pin 17) and has a constant output 
impedance equal to Rldr- The feedback resistor R FB is not 
used in this circuit. 



Figure 7. Single Supply Operation Using Voltage Switching 
Mode 


The reference voltage must always be positive. If OUT1 goes 
more than 0.3V less than GND an internal diode will be turned 
on and a heavy current may flow causing device damage (the 
AD7541A is, however, protected from the SCR latch-up 
phenomenon prevalent in many CMOS devices). Suitable 
references include the AD580 and AD584. 

The loading on the reference voltage source is code dependent 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions. 
To maintain linearity, the voltage at OUT1 should remain 
within 2.5V of GND, for a V D d of 15V. If V D d is reduced from 
15V or the reference voltage at OUT 1 increased to more than 
2.5V the differential nonlinearity of the DAC will increase and 
the linearity of the DAC will be degraded. 

SUPPLEMENTAL APPLICATION MATERIAL 

For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 

CMOS DAC Application Guide, Publication Number 
G872b-8-l/89 available from Analog Devices. 

Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs Application Note, Publication Number 
E630c-5-3/86 available from Analog Devices. 

Analog- Digital Conversion Handbook - available from 
Analog Devices, price $32.95. 
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ANALOG 

DEVICES 


CMOS 

|juP-Compatible 12-Bit DAC 


AD7542 


FEATURES 

Resolution: 12 Bits 

Nonlinearity: ± 1/2LSB T mjn to T max 

Low Gain Drift: 2ppm/°C typ, 5ppm/°C max 

Microprocessor Compatible 

Full 4-Quadrant Multiplication 

Fast Interface Timing 

Low Power Dissipation: 40m W max 

Low Cost 

Small Size: 16-Pin DIP and 20 Terminal Surface Mount 
Packages 

Latch Free (Protection Schottky Not Required) 


GENERAL DESCRIPTION 

The AD7542 is a precision 12-bit CMOS multiplying DAC 
designed for direct interface to 4- or 8-bit microprocessors. 

The functional diagram shows the AD7542 to consist of three 
4-bit data registers, a 12-bit DAC register, address decoding 
logic and a 12-bit CMOS multiplying DAC. Data is loaded 
into the data registers in three 4-bit bytes, and subsequently 
transferred to the 12-bit DAC register. All data loading or 
data transfer operations are identical to the WRITE cycle of a 

ORDERING INFORMATION 1 


AD7542 FUNCTIONAL BLOCK DIAGRAM 


Vref 



static RAM. A clear input allows the DAC register to be easily 
reset to all zeros when powering up the device. 

The AD7542 is manufactured using an advanced thin-film on 
monolithic CMOS fabrication process. Multiplying capability, 
low power dissipation, +5V operation, small size (16-pin DIP 
and 20 terminal surface mount packages) and easy ptP interface 
make the AD7542 ideal for many instrumentation, industrial 
control and avionics applications. 


Relative 
Accuracy 
(Tmin *° T m ax) 

Gain 

Error 

+25°C 

Temperature Range and Package Options 2 * 3 

Commercial 

(Plastic) 

0 to +70°C 

Industrial 

(Ceramic) 

-25°C to +85°C 

Extended 

(Ceramic) 

-55°C to +125°C 

±1LSB 

±3LSB 

AD7542JN 

AD7542AD 

AD7542SD 

±1LSB 

±3LSB 

AD7542JP 

AD7542AE 

AD7542SE 

±1/2LSB 

±3LSB 

AD7542KN 

AD7542BD 

AD7542TD 

±1/2LSB 

±3LSB 

AD7542KP 

AD7542BE 

AD7542TE 

±1/2LSB 

±1LSB 

AD7542GKN 

AD7542GBD 

AD7542GTD 

±1/2LSB 

±1LSB 

AD7542GKP 

AD7542GBE 

AD7542GTE 


NOTES 

'To order MIL-STD-883 Class B processed parts, add/883B to part number. 

2 Package Designation: Plastic DIP (N-16); Plastic Leaded Chip Carrier 

(PLCC) (P-20A); Ceramic DIP (D-16); Leadless Ceramic Chip Carrier (LCCC) (E-20A). 

3 See Section 14 for package outline information. 
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(V DD = + 5V, V REF = + 10V, Voun = Vom = 0V unless otherwise noted) 


Parameter 

m 

Limit At 1 

T A * 0, +70°C, 
-25° C & +85°C 

Limit At 1 

T A = -55°C 
& +125°C 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Relative Accuracy 2 






J, A, S Versions 

±1 

±1 

±1 

LSB max 


K, B, T Versions 

±1/2 

±1/2 

±1/2 

LSB max 


GK, GB, GT Versions 

±1/2 

±1/2 

±1/2 

LSB max 


Differential Nonlinearity 2 






J, A, S Versions 

±1 

±1 

±1 

LSB max 

All grades are guaranteed monotonic 

K, B, T Versions 

±1 

±1 

±1 

LSB max 

Tmin to T max 

GK, GB, GT Versions 

±1 

±1 

±1 

LSB max 


Gain Error 2 






J.K, A, B, S, T 

±3 

±4 

±4 

LSB max 

Using internal Rfb only (gain error can be 

GK, GB, GT 

±1 

±1 

±2 

LSB max 

trimmed to zero using circuits of Figure 4 & 5) 

Gain Temperature Coefficient 






AGain/ATemperature 

5 

5 

5 

ppm/°C max 

Typical value is 2ppm/°C 

Power Supply Rejection 






AGain/AVj)D 

0.005 

0.01 

0.01 

% per % max 

V DD = +4.75V to +5. 25V 

Output Leakage Current 






*0UT1 

10 

10 

200 

nA max 

DAC Register loaded with all 0s 

*OUT2 

10 

10 

200 

nA max 

DAC Register loaded with all Is 

DYNAMIC PERFORMANCE 






Current Settling Time 3 

2.0 

2.0 

2.0 

jus max 

To 1/2LSB, OUT1 load = 100S2. DAC output 






measured from falling edge of WR. 

Multiplying Feedthrough Error 3 

2.5 

2.5 

2.5 

mV p-p max 

Vref = ±10V, 10kHz sine wave 

REFERENCE INPUT 






Input Resistance 

8/15/25 

8/15/25 

8/15/25 

kfi min/typ/max 


ANALOG OUTPUTS 






Output Capacitance 






Couti^ 

75 

75 

Ejj v & 

pF max 

DAC register loaded to 0000 0000 0000 

Couti 

260 

260 


pF max 

DAC register loaded to 1111 1111 1111 

Q>UT2 3 

75 

75 


pF max 

DAC register loaded tollllllllllll 

COUT2 3 

260 

260 


pf max 

DAC register loaded to 0000 0000 0000 

LOGIC INPUTS 






Vinh (Logic HIGH Voltage) 

+2.4 

+2.4 

+2.4 

V min 


Vinl (Logic LOW Voltage) 

+0.8 

+0.8 

+0.8 

V max 


IlN - 4 

1 

1 

1 

jiA max 

V IN = 0V or V DD 

Cjm (Input Capacitance) 3 

8 

8 

8 

pF max 


Input Coding 

12-Bit Unipolar Binary or 12-Bit Offset 




Binary (See Figures 4 and 5). Data is 




Loaded into Data Registers in 4-Bit Bytes. 



SWITCHING CHARACTERISTICS 5 

1 (See Figure 1) 




*WR 

80 

120 


ns min 

tWR : WRITE pulse width 

*AWH 

0 

10 


ns min 

tAWH : Address-to-WRITE hold time 

tCWH 

0 

10 

wzm 

ns min 

tcwH : Chip select-to-WRITE hold time 

*CLR 

200 

200 

250 

ns min 

tCLR : Minimum CLEAR pulse width 

tews 

10 

20 

20 

ns min 

tcws : Chip select-to-WRITE setup time 

tAWS 

40 

40 

40 

ns min 

tAws : Address valid-to-WRITE setup time 

tDS 

60 

100 

100 

ns min 

t D s : Data setup time 

r DH 

10 

10 

10 

ns min 

t£>H : Data hold time 

POWER SUPPLY 






Vdd (Supply Voltage) 

+5 

+5 


V 

±5% for specified performance 

Idd (Supply Current) 

2.5 

2.5 


mA max 

Digital Inputs = Vjnh or Vjnl 


NOTES 

‘Temperature Ranges as follows-. J, K, GK versions-, 0 to +70°C 

A, B, GB versions; -25°C to +85°C 
S, T, GT versions; -55°C to +125°C 

’ See definitions on next page. 

’Guaranteed but not tested. 

4 Logic inputs are MOS gates. Typical input current (+25°C) is less than InA. 
’Sample tested at +25° C to ensure compliance. 

Specifications subject to change without notice. 
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AD7542 


ABSOLUTE MAXIMUM RATINGS* 

( T a = + 25°C unless otherwise noted) 

.... OV, + 7V 
.... OV, +7V 
. . . V DD + 0.3V 
. . . V DD + 0.3V 
0.3V, V DD + 0.3V 
0.3V, V dd +0.3V 

±25V 

±25V 


Power Dissipation (Package) 

Plastic 

To + 70°C 670mW 

Derates above + 70°C by 8.3mW/°C 

Ceramic 

To + 75°C 450mW 

Derates above + 75°C by 6mW/°C 

Operating Temperature Range 

Commercial (J, K, GK Versions) 0 to + 70°C 

Industrial (A, B, GB Versions) -25°C to + 85°C 

Extended (S, T, GT Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


Vdd to AGND 

V DD to DGND 

AGND to DGND 

DGND to AGND 

Digital Input Voltage to GND 
Voutij Vout 2 t0 AGND . . 

Vref to AGND 

Vrfb to AGND 


♦COMMENTS: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ADDRESS BUS VALID ►) 



NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS — 

Figure 1. AD 7542 Timing Diagram 


PIN CONFIGURATIONS 
DIP 


OUT1 [T 
OUT2 Q[ 
AGND £T 
D3 (MSB) [T 

D2 [T[ 
D1 [T 

DO (LSB) [T 

esr pT 


AD7542 
TOP VIEW 
(Not to Scale) 


j7| RFB 

33 Vref 
TT| v DD 

33 

33 dgnd 
33 A1 
33 a ° 

~9~] WR 


LCCC 


PLCC 



I | s £ $ 



NC = NO CONNECT § 
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TERMINOLOGY 

RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the endpoints of the DAC transfer function. It is measured 
after adjusting for zero and full scale and is expressed in % or 
ppm of full scale range or (sub) multiples of 1LSB. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the meas- 
ured change and the ideal 1LSB change between any two ad- 
jacent codes. A specified differential nonlinearity of ±1LSB 
max over the operating temperature range insures monotonicity. 

GAIN ERROR 

Gain is defined as the ratio of the DAC’s Full Scale output 
to its reference input voltage. An ideal AD7542 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims as shown in Figures 4 and 5 . 

OUTPUT LEAKAGE CURRENT 

Current which appears at OUT1 with the DAC register loaded 
to all Os or at OUT2 with the DAC register loaded to all Is. 

MULTIPLYING FEEDTHROUGH ERROR 

AC error due to capacitive feedthrough from Vref terminal 
to OUT 1 with DAC register loaded to all Os. 


PIN 

MNEMONIC 

FUNCTION 

1 

OUT1 

DAC current output bus. Normally 
terminated at op amp 
virtual ground 

2 

OUT2 

DAC current output bus. Normally 
terminated at ground 

3 

AGND 

Analog Ground 

4 

D3 

Data Input (MSB) 

5 

D2 

Data Input 

6 

D1 

Data Input 

7 

DO 

Data Input (LSB) 

8 

CS 

Chip Select Input 

9 

WR 

WRITE Input 

10 

AO 

Address Bus Input 

11 

A1 

Address Bus Input 

12 

DGND 

Digital Ground 

13 

CLR 

Clear Input 

14 

V DD 

+5V Supply Input 

15 

Vref 

Reference Input 

16 i 

r fb 

DAC Feedback Resistor 


Analog Circuit Description 

GENERAL CIRCUIT INFORMATION 
The AD7542, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 

The simplified D/A circuit is shown in Figure 2. An inverted 
R-2R ladder structure is used— that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen- 
dent of the switch state. 



Figure 2. D/A Simplified Circuit Diagram 

One of the current switches is shown in Figure 3. The input 
resistance at Vref (Figure 2) is always equal to Rldr (Rldr 
is the R/2R ladder characteristic resistance and is equal to 
value “R”). Since Rim at the Vref pin is constant, the refer- 
ence terminal can be driven by a reference voltage or a refer- 
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient Rre is 
recommended to define scale factor.) 


TO LADDER 



Table I. Pin Function Description (DIP Pin Numbers) 


Figure 3. N-Channel Current Steering Switch 
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Applying the AD7542 


UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 4 shows the analog circuit connections required for uni- 
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at Vref * the 
circuit is a unipolar D/A converter. With an ac reference volt- 
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation- 
ship is shown in Table II. 

R1 provides full scale trim capability [i.e. — load the DAC 
register to 1111 1111 1111, adjust R1 for Vqut = “Vref 
( 4095/4096)] . Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 

Cl phase compensation (10 to 33pF) may be required for 
stability when using high speed amplifiers. (Cl is used to cancel 
the pole formed by the DAC internal feedback resistance and 
output capacitance at OUT1). 

Amplifier A1 should be selected or trimmed to provide 
Vos ^ 10% of the voltage resolution at Vqut* Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 
offset at Vqut equal to I B times the DAC feedback resistance, 
nominally 15kfi). The AD711K is a high-speed implanted 
FET-input op amp with low, factory-trimmed Vos- 


±10V 

Vref 


Vdd 

+ 5V 



NOTES 

1. LOGIC INPUTS OMITTED FOR CLARITY, DIP PIN NUMBERS SHOWN. 

2. SEE APPLICATION HINT NO. 4. 


Figure 4. Unipolar Binary Operation (2-Quadrant 
Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

ANALOG OUTPUT, V OU T 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

•MS) 

-Yref( 409 6 ) - 1/2V ref 

- v ref( 4096 ) 

ov 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

Figure 5 and Table III illustrate the circuitry and code relation- 
ship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the circuit provides full 4-quadrant 
multiplication. 

With the DAC register loaded to 1000 0000 0000, adjust R1 
for Vout = 0V (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for Vqut - 0V). Full scale 
trimming can be accomplished by adjusting the amplitude of 
Vref or by varying the value of R5. 

As in unipolar operation, A1 must be chosen for low Vqs and 
low I B . R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or R3 causes Full Scale 
error. Cl phase compensation (lOpF to 25pF) may be required 
for stability. 



NOTES 

1. LOGIC INPUTS OMITTED FOR CLARITY, DIP PIN NUMBERS SHOWN. 

2. SEE APPLICATION HINT NO. 4. 


Figure 5. Bipolar Operation (4-Quadrant Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 

MSB LSB 

ANALOG OUTPUT, V OU T 

mi mi mi 

1000 0000 0001 

1000 0000 0000 

oin ini nil 

0000 0000 0000 

+V REf( 2 64 8 ) 

+v ref( 2048 ) 
ov 

-Vref( 2048 ) 
• VREF (204r) 


Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 


Table //. Unipolar Binary Code Table for Circuit of Figure 4 
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INTERFACE LOGIC 

INTERFACE LOGIC INFORMATION 

The AD7542 is designed to interface as a memory-mapped 

output device. 

A typical system configuration is shown in Figure 6. CS 
is the decoded device address, and is derived by decoding 
the three higher order address bits. AO and A1 is the 
AD7542 operation address, and is decoded internally in the 
AD7542 to point to the desired loading operation (i.e., load 
high byte, middle byte, low byte or DAC register). Table IV 
shows the AD7542 truth table. 

All data loading operations are identical to the write cycle of 
a RAM as shown in Figure 1 . 

Additionally, the CLR input allows the AD7542 DAC register 
to be cleared asynchronously to 0000 0000 0000. When oper- 
ating the AD7542 in a unipolar mode (Figure 4), a CLEAR 
causes the DAC output to assume 0V. In the bipolar mode 
(Figure 5), a CLEAR causes the DAC output to go to -V R ef- 

In summary: 

1. The AD7542 DAC register can be asynchronously cleared 
with the CLR input. 

2. Each AD7542 requires 4 locations in memory. 

3. Performing any of the four basic loading operations (i.e. 
load low byte data register, middle byte data register, high 
byte data register or 12-bit DAC register) is accomplished 
by executing a memory WRITE operation to the appli- 
cable address location for the required DAC operation. 


AD7542 Control Inputs 

AD7 542 Operation 

Ai 

A 0 

CS 

WR 

CLR 

X 

X 

X 

X 

0 

Resets DAC 12-Bit Register 
to Code 0000 0000 0000 

X 

X 

1 

X 

1 

No Operation 

Device Not Selected 

0 

0 

0 

_r 

1 

Load LOW Byte 5 

Data Register On 

Edge As Shown 

Load 

Applicable 

Data 

Register 

With Data 

At Do - D 3 

0 

1 

0 

s 

1 

Load MIDDLE Byte 5 
Data Register On 

Edge As Shown 

1 

0 

0 

JT 

1 

Load HIGH Byte 5 

Data Register On 

Edge As Shown 

1 



1 



0 

"L r 

1 

Load 12-Bit DAC Register With 

Data In LOW Byte, MIDDLE Byte 
& HIGH Byte Data Registers 6 


NOTES: 

1 1 indicates logic HIGH 5 MSB -► XXXX XXXX XXXX LSB 

2 0 indicates logic LOW high middle low 

3 X indicates don’t care byte byte byte 

A JF indicates LOW to HIGH transition 6 These control signals are level triggered. 


AD7542 INTERFACE TO MC6800 

A typical 6800 system configuration is shown in Figure 6. 
Since the AD7542 contains four registers each AD7542 is as- 
signed four locations in memory. A0 and A1 provides the oper- 
ational addresses and are decoded internally to point to the 
desired register. Register loading is accomplished by executing 
a memory WRITE instruction to one of the four addresses. 
Table V gives a sample loading subroutine written in re-entrant 
form. 

Choosing an arbitrary start address of PPQQ, locations PPQQ, 
PPQQ+ 1 and PPQQ+2 select the low, middle and high byte 
registers respectively while address PPQQ+3 selects the 12-bit 
DAC register. The 12-bit data to be passed to the subroutine 
is stored in locations XX YY and XXYY+1. The four most 
significant data bits are assumed to occupy the lower half 
of XXYY+1. 



Figure 6. interfacing the AD7542 to an MC6800 
Microprocessor 


JSR WWZZ 

WWZZ PSH A 
TPA 
PSH A 

LDA A XX YY 

STA A PPQQ 

ROR A 

ROR A 

ROR A 

ROR A 

STA A PPQQ+1 

LDA A XXYY+1 

STA A PPQQ+2 

STA A PPQQ+3 

PUL A 

TAP 

PULA 

RTS 


PUSH ACC. A ONTO STACK 
PUSH CCR ONTO STACK 
LOAD LOW BYTE 

LOAD MIDDLE BYTE 

LOAD HIGH BYTE 
LOAD DAC REGISTER 

POP CCR FROM STACK 
POP ACC. A FROM STACK 
RETURN TO MAIN PROGRAM 


Table V. Sample Routine for AD7542-6800 Interface 


Table IV. AD7542 Truth Table 
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AD7542 


AD7542 INTERFACE TO 8085 

Atypical 8085 system configuration is shown in Figure 7. The 
AD7542 CS input is decoded from the three high order address 
lines A13-A15. The 8085 WR output is directly connected to 
the WR input of the AD7542. Table VI gives a sample loading 
subroutine written in re-entrant form. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and 
XXYY+1. The four most significant data bits are assumed to 
occupy the lower half of XXYY+1. As before, arbitrary 
addresses PPQQto PPQQ+3 select the low byte, middle byte, 
high byte and DAC registers respectively. 



Figure 7. 

Interfacing the AD7542 to an 8085 Microprocessor 


CALL 

7542 


7542 

PUSH 

PSW 

PUSH REGISTER CONTENTS 


PUSH 

B 

ONTO STACK 


PUSH 

H 



LXI 

H, XXYY 



MOV 

A, M 



STA 

PPQQ 

LOAD LOW BYTE 


MVI 

B, 04 


LOOP 

RAR 




dcr 

B 



JNZ 

LOOP 



STA 

PPQQ+1 

LOAD MIDDLE BYTE 


INX 

H 



MOV 

A, M 



STA 

PPQQ+2 

LOAD HIGH BYTE 


STA 

PPQQ+3 

LOAD DAC REGISTER 


POP 

H 

POP REGISTER CONTENTS 


POP 

B 

FROM STACK 


POP 

PSW 



RET 


RETURN TO MAIN PROGRAM 


Table VI. Sample Routine for AD 7542—8085 Interface 
APPLICATION HINTS 

The AD7542 is a precision 12-bit multiplying DAC designed 
for system interface. To ensure system performance consistent 
with AD7542 specifications, careful attention must be given 
to the following points: 

1. GENERAL GROUND MANAGEMENT: Voltage differen- 
ces between the AD7542 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro- 
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at 
the AD7542. In more complex systems where the AGND- 
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7542 AGND and DGND pins (1N914 or equivalent). 


2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a non- 
linearity term at the amplifier output which depends on 
Vqs (^os is amplifier input offset voltage). This non- 
linearity term adds to the R/2R nonlinearity. To main- 
tain specified operation, it is recommended that amplifier 
Vqs be no greater than 10% of the DAC’s output resolution 
over the temperature range of interest [output resolution = 
Vref ( 2‘ n ) where n is the number of bits exercised]. 

3. HIGH FREQUENCY CONSIDERATIONS: AD7542 out- 
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier’s OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 


4. GAIN TEMPERATURE COEFFICIENTS: The gain temper- 
ature coefficient of the AD7542 has a maximum value of 
5ppm/°C and a typical value of 2ppm/°C. This corresponds 
to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 
adjust full-scale range as shown in Figures 4 and 5 the 
temperature coefficient of R1 and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 
be approximately expressed as follows: — 


Temperature Coefficient 
contribution due to R1 

Temperature Coefficient 
contribution due to R2 


= - -jr 1 - <71 + 300) 
k in 

= + (72 + 300) 

r in- 


Where 7j and 72 are the temperature coefficients in ppm/°C 
of R1 and R2 respectively and Rin is the DAC input resist- 
ance at the Vref terminal (pin 2). For high quality wire- 
wound resistors and trimming potentiometers 7 is of the order 
of 50ppm/°C. It will be seen that if R1 and R2 are small com- 
pared with Rin , their contribution to gain temperature coef- 
ficient will also be small. For the standard AD7542 gain error 
specification of ±3LSBs it is recommended that R1 = 50Q 
and R2 = 25 Q. With 7 = 50 these values result in an overall 
maximum gain error temperature coefficient of : 

5 + (50 + 300) = 6ppm/°C 

o 


However, if the AD7542GTD is used which has a specified 
gain error of ±1LSB, then with R1 = 10Q and R2 = 5Q the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/°C. Where possible R1 should be a select on 
test fixed resistor since the resulting gain temperature coeffi- 
cient will be tighter in all cases. For further gain T.C. informa- 
tion refer to application note, “Gain Error and Gain Tempera- 
ture Coefficients of CMOS Multiplying DACs”, Publication 
Number E630— 10— 6/81 available from Analog Devices. 


5 . For additional information on multiplying DACs refer to 
“CMOS DAC Application Guide,” Publication Number 
G872a— 15— 4/86, available from Analog Devices. 
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ANALOG 

DEVICES 


FEATURES 

Resolution: 12 Bits 

Nonlinearity: ±1/2LSB T min to T max 

Low Gain T.C.: 2ppm/° C typ, 5ppm/°C max 

Serial Load on Positive or Negative Strobe 

Asynchronous CLEAR Input for Initialization 

Full 4-Quadrant Multiplication 

Low Multiplying Feedthrough: 1LSB max @ 10kHz 

Requires no Schottky Diode Output Protection 

Low Power Dissipation: 40mW max 

+5V Supply 

Small Size: 16-Pin DIP or 20-Terminal Surface Mount 
Package 
Low Cost 


GENERAL DESCRIPTION 

The AD7543 is a precision 12-bit monolithic CMOS multi- 
plying DAC designed for serial interface applications. 

The DAC’s logic circuitry consists of a 12-bit serial-in parallel- 
out shift register (Register A) and a 12-bit DAC input register 
(Register B). Serial data at the AD7543 SRI pin is clocked into 
Register A on the leading or trailing edge (user selected) of the 
strobe input. Once Register A is full its contents are loaded in- 
to Register B under control of the LOAD inputs. 

Initialization is simplified by the use of the CLR input which 
provides an asynchronous reset of Register B. 

Packaged in 16-pin DIP and 20-pin LCCC and PLCC, the 
AD7543 features excellent gain T.C. (2ppm/°C typ; 

5ppm/°C max), +5V operation and latch-free operation. 

(No protection Schottky Diodes required.) 


CMOS 

Serial Input 12-Bit DAC 


AD7543 


AD7543 FUNCTIONAL BLOCK DIAGRAM 



12-BIT D/A CONVERTER 


DAC REGISTER B 
LOAD 



ORDERING INFORMATION 1 


Relative 

Gain 

| Temperature Range and Packag 

;e Options 2 

Tmin-Tma, 

± 1LSB 
± 1/2LSB 
± 1/2LSB 

T min -T max 

± 12.3LSB 
± 12.3LSB 
± 1LSB 

0 to + 70°C 
Plastic DIP 
(N-16) 

AD7543JN 

AD7543KN 

AD7543GKN 

- 25°C to +85°C 
Hermetic DIP 
(D-16) 

AD7543AD 

AD753BD 

AD7543GBD 

- 55°C to +125°C 
Hermetic DIP 
(D-16) 

AD7543SD 

AD7543TD 

AD7543GTD 



PLCC (P-20A) 


LCCC (E-20A) 

± 1LSB 

± 12.3LSB 

AD7543JP 


AD7543SE 

± 1/2LSB 

± 12.3LSB 

AD7543KP 


AD7543TE 

± 1/2LSB 

± 1LSB 

AD7543GKP 


AD7543GTE 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 


PIN CONFIGURATIONS 
DIP 


AD7543 
TOP VIEW 
(Not to Scale) 


13 I CLR 
rT| DGND 
~vT] STB4 
~1o"l STB3 
T| LD2 


AD7543 
TOP VIEW 
(Not to Scale) 


10 11 12 13 

m 2 IS IS 


AD7543 
TOP VIEW 
(Not to Scale) 


Il!£JLLUIHJl1] 

£ z IS IS 
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SPECIFICATIONS (V 0D = +5V,Y REF = +10V,V oim 


= Vout2 = OV, unless otherwise noted) 




Limit At 1 

Limit At 1 




Limit At 

T a = 0, +70° C, 

T a = -55°C 



Parameter 

T A = +25°C 

-25° C & +85°C 

& +125°C 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Relative Accuracy 2 






J, A, S Versions 

±1 

±1 

±1 

LSB max 


K, B, T Versions 

±1/2 

±1/2 

±1/2 

LSB max 


GK, GB, GT Versions 

±1/2 

±1/2 

±1/2 

LSB max 


Differential Nonlinearity 2 






J, A, S Versions 

±2 

±2 

±2 

LSB max 

Monotonic to 1 1 bits from T m j n to T max 

K, B, T Versions 

±1 

±1 

±1 

LSB max 

Monotonic to 12 bits from T m j n to T max 

GK, GB, GT Versions 

Gain Error 2 

±1 

±1 

±1 

LSB max 

Monotonic to 12 bits from T m i n to T max 

J, K, A, B, S, T 

±12.3 

±13.5 

±14.5 

LSB max 

Using internal RFB only 

GK, GB, GT 

±1 

±1 

±2 

LSB max 


Gain Temperature Coefficient 
AGain/ATemperature 

Power Supply Rejection 

5 

5 

5 

ppm/°C max 

Typical value is 2ppm/°C 


AGain/AVjjp 

Output Leakage Current 

0.005 

0.01 

0.01 

% per % max 

V DD = +4. 75V to +5. 25V 

k)UTl 4) 

1 

10 

200 

nA max 

DAC Register loaded with all 0s 

bUT2 (P» n 5) 

1 

10 

200 

nA max 

DAC Register loaded with all Is 

DYNAMIC PERFORMANCE 






Current Settling Time 3 

2.0 

2.0 

2.0 

Us max 

To 1/2LSB. OUT1 load = 100S2. DAC output measured from falling 
edge of LD1 and LD2, see Figure 1. 

Multiplying Feedthrough Error 3 

2.5 

2.5 

2.5 

mV p-p max 

Vref = ±10V, 10kHz sine wave 

REFERENCE INPUT 






Input Resistance (pin 15) 

8/15/25 

8/15/25 

8/15/25 

kftmin/typ/max 

Typical temperature coefficient is -300ppm/°C 

ANALOG OUTPUTS 

Output Capacitance 

Qrjti 






75 

75 

75 

pF max 

Register B loaded to 0000 0000 0000 

CouTl 3 

260 

260 

260 

pF max 

Register B loaded to 111111111111 

COUT2 3 

75 

75 

75 

pF max 

Register B loaded to 1111 1111 1111 

COUT2 3 

260 

260 

260 

pf max 

Register B loaded to 0000 0000 0000 

LOGIC INPUTS 






Vjnh (Logic HIGH Voltage) 

+3.0 

+3.0 

+ 3.0 

V min 


Vinl (Logic LOW Voltage) 

+0.8 

+0.8 

+0.8 

V max 


V 

1 

1 

1 

fiA max 

V, N = 0V or V DD 

Cin (Input Capacitance) 3 

8 

8 

8 

pF max 


Input Coding 

12-Bit Unipolar Binary or 12-Bit Offset 




Binary, serial load (MSB First) 




SWITCHING CHARACTERISTICS 5 






*DS1 

*DS4 

50 

0 

100 

0 

100 

0 

ns min 

ns min j 

/Serial Input \ STB 1 used as a strobe 

1 to Strobe 1 STB4 used as a strobe 

tDS3 

0 

0 

0 

ns min ' 

l «Jen.n Timp / STB3 USed aS a strobe 

' Setup Time / STB 2 used a, a strobe 

*DS2 

20 

40 

40 

ns min 

tDHl 

30 

60 

60 

ns min 

/ Serial Input \ 

*DH4 

*DH3 

80 

80 

160 

160 

160 

160 

ns min | 

ns min 

tDH2 

60 

120 

120 

ns min 

tSRI 

80 

160 

160 

ns min 

SRI data pulse width 

tSTBl 

80 

160 

160 

ns min 

STB1 pulse width 

tSTB4 

100 

200 

200 

ns min 

STB4 pulse width 

tSTB3 

100 

200 

200 

ns min 

STB3 pulse width 

tSTB2 

80 

160 

160 

ns min 

STB2 pulse width 

tLDl. tLD2 

150 

300 

300 

ns min 

Load pulse width 

*ASB 

0 

0 

0 

ns min 

Min time between strobing LSB into Register A and loading Register B 

r CLR 

200 

400 

400 

ns min 

CLR pulse width 

POWER SUPPLY 






V DD (Supply Voltage) 

+5 

+5 

+5 

V 


Idd (Supply Current) 

2.5 

2.5 

2.5 

mA max 

Digital Inputs = Vjnh or Vinl 


NOTES 

‘Temperature ranges as follows: J, K, GK versions; 0 to +70°C 

A, B, GB versions; -25°C to +85°C 
S, T, GT versions; -55°C to +125° C 
1 See Terminology on following page. 

3 Guaranteed but not tested. 

4 Logic inputs are MOS gates. Typical input current (+25° C) is less than InA. 

5 Sample tested at +25° C to ensure compliance. 

Specifications subject to change without notice. 
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AD7543 


ABSOLUTE MAXIMUM RATINGS* 

(T a = -f 25°C unless otherwise noted) 

V DD to AGND OV, + 7V 

V DD to DGND OV, + 7V 

AGND to DGND V DD + 0.3V 

DGND to AGND V DD + 0.3V 

Digital Input Voltage to DGND .... -0.3V, V DD + 0.3V 

Vouti, V OU t 2 to AGND -0.3V, V D d to + 0.3V 

Vref to AGND ±25V 

Vrfb to AGND ±25V 

Power Dissipation (Package) 

Plastic 

To +70°C 670mW 

Derates above + 70°C by 8.3mW/°C 


Ceramic 

To +75°C 450mW 

Derates above +75°C by 6mW/°C 

Operating Temperature Range 

Commercial (J, K, GK Versions) 0 to +70°C 

Industrial (A, B, GB Versions) - 25°C to + 85°C 

Extended (S, T, GT Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for ideal zero and full scale and is expressed in % or 
ppm of full-scale range or (sub) multiples of 1LSB. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the mea- 
sured change and the ideal 1 LSB change between any two 
adjacent codes. A specified differential nonlinearity of ±1 
LSB max over the operating temperature range ensures 
monotonicity. 


GAIN ERROR 

Gain is defined as the ratio of the DAC’s Full Scale output 
to its reference input voltage. An ideal AD7543 would exhibit 
a gain of -4095/4096. Gain error is adjustable using external 
trims. 

OUTPUT LEAKAGE CURRENT 

Current which appears at OUT1 with Register B loaded to all 
0’s or at OUT 2 with Register B loaded to all l’s. 

MULTIPLYING FEEDTHROUGH ERROR 

AC error due to capacitive feedthrough from Vref terminal 
to OUT1 with DAC register loaded to all 0’s. 


PIN 

MNEMONIC 

FUNCTION 

1 

OUT1 

DAC current output bus. Normally terminated at op amp virtual ground 

2 

OUT2 

DAC current output bus. Normally terminated at AGND 

3 

AGND 

Analog Ground 

4 

STB1 

Register A Strobe 1 input, see Table II 

5 

LD1 

DAC Register B Load 1 input. When LD1 and LD2 go low the contents 
of Register A are loaded into DAC Register B 

6 

N/C 

No Connection 

7 

SRI 

Serial Data Input to Register A 

8 

STB2 

Register A Strobe 2 input, see Table II 

9 

LD2 

DAC Register B Load 2 input. When LD1 and LD2 go low the contents 
of Register A are loaded into DAC Register B 

10 

STB3 

Register A Strobe 3 input, see Table II 

11 

STB4 

Register A Strobe 4 input, see Table II 

12 

DGND 

Digital Ground 

13 

CLR 

Register B CLEAR input (active LOW), can be used to asynchronously 
reset Register B to 0000 0000 0000 

14 

v DD 

+5V Supply Input 

15 

Vref 

Reference input. Can be positive or negative dc voltage or ac signal 

16 

Rfb 

DAC Feedback Resistor 


Table I. Pin Function Description, DIP Configuration 
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INTERFACE LOGIC INFORMATION 
Shown in the AD7543 Functional Diagram Register A is a 
12-bit shift register. Serial data appearing at pin SRI is 
clocked into the shift register on the leading (rising) edge 
of STB1, STB2 or STB4 or on the leading (falling) edge of 
STB 3. Table II defines the various logic states required 
on the Register A control inputs, while Figure 1 illustrates 
the Register A loading sequence. 

Once Regist er A is fu ll, the data is transferred to Register B 
by bringing LD1 and LD2 momentarily LOW. 


Register B c an b e asynchronously reset to 0000 0000 0000 
by bringing CLR momentarily LOW. This allows the DAC 
output voltage to be set to a known condition, thus simplify- 
ing system initialization procedure. When operating the 
AD7543 in the unipolar circuit, a CLEAR causes the DAC 
output voltage to equal OV. When using the bipolar circuit, 
a CLEAR causes the DAC output to equal -Vref* 


:x 


SRI 

tDS1,tDS2,tDS4^^J. 
STROBE INPUT 
(STB1, STB2, STB4) 
(NOTE) 


BIT 1 
MSB 


BIT 2 


2 < 

tDH 1 , tDH2 , tDH4 


I 


I 


tSTBl 

tSTB2 

tSTB4 


>CIx^x: 

r*~L 


BIT 12 
LSB 


-LOADING REGISTER A- 



LD1 AND LD2 


NOTE: 

STRO BE WAVEFORM IS INVERTED IF 
STB3 IS USED TO STROBE SERIAL DATA 
BITS INTO REGISTER A. 






LOADING REGISTER B 
WITH CONTENTS OF REGISTER A 


Figure 1. Timing Diagram 


AD7543 Logic Inputs 



| Register A Control Inputs 

Register B Control Inputs 

AD7543 Operation 

Notes 

STB4 

STB 3 

STB2 

STB1 

CLR 

LD2 

LD1 



0 

1 

0 

jr 

X 

X 

X 

Data Appearing At SRI Strobed Into Register A 

2,3 

0 

1 

jr 

0 

X 

X 

X 

Data Appearing At SRI Strobed Into Register A 

2,3 

0 

1L 

0 

0 

X 

X 

X 

Data Appearing At SRI Strobed Into Register A 

2,3 

Jr 

1 

0 

0 

X 

X 

X 

Data Appearing At SRI Strobed Into Register A 

2,3 

l 

X 

X 

X 






X 

0 

X 

X 




No Operation (Register A) 

1 

X 

X 

1 

X 




X 

X 

X 

1 










0 

X 

X 

Clear Register B To Code 0000 0000 0000 (Asynchronous Operation) 






1 

1 

X 

No Operation (Register B) 

3 





1 

X 

1 





1 

0 

0 

Load Register B With The Contents Of Register A 

3 


NOTES: 

1. CLR = 0 Asynchronously resets Register B to 0000 0000 0000, but has no effect on Register A. 

2. Serial data is loaded into Register A MSB first, on edges shown_/~is positive edge~^is negative edge. 
3.0 = Logic LOW, 1 = Logic HIGH, X = Don’t Care. 


Table //. AD7543 Truth Table 
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□ ANALOG CMOS 12-Bit 

DEVICES Buffered Multiplying DAC 

AD7545 


FEATURES 
12-Bit Resolution 
Low Gain T.C.: 2ppm/°Ctyp 
Fast TTL Compatible Data Latches 
Single + 5Vto + 15V Supply 
Small 20-Pin 0.3" DIP and 20-Terminal Surface 
Mount Packages 

Latch Free (Schottky Protection Diode Not Required) 

Low Cost 

Ideal for Battery Operated Equipment 
GENERAL DESCRIPTION 

The AD7545 is a monolithic 12-bit CMOS multiplying DAC 
with on-board data latches. It is loaded by a single 12-bit wide 
word and interfaces directly to most 12- and 16-bit bus sys- 
tems. Data is loaded into the input latches under the control 
of the CS and WR inputs; tying these control inputs low makes 
the input latches transparent allowing direct unbuffered oper- 
ation of the DAC. 

The AD7545 is particularly suitable for single supply operation 
and applications with wide temperature variations. 


AD7545 FUNCTIONAL BLOCK DIAGRAM 


Rfb 



DB11-DB0 
(PINS 4-15) 


The AD7545 can be used with any supply voltage from +5V 
to +15V. With CMOS logic levels at the inputs die device dis- 
sipates less than 0.5mW for Vd D = +5V. 


ORDERING INFORMATION 1 ’ 2 


Relative 
Accuracy, LSB 

Maximum 

Gain Error, LSB 
T a =+25@C 
V D d = + 5V 

Temperature Range and Package Options 3 

Oto +70°C 

— 25°C to +85°C 

— 55°C to + 125°C 



Plastic DIP (N-20) 

Hermetic (Q-20) 

Hermetic (Q-20) 

±2 

±20 

AD7545JN 

AD7545AQ 

AD7545SQ 

±1 

±10 

AD7545KN 

AD7545BQ 

AD7545TQ 

±1/2 

±5 

AD7545LN 

AD7545CQ 

AD7545UQ 

±1/2 

±1 

AD7545GLN 

AD7545GCQ 

AD7545GUQ 



PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

±2 

±20 

AD7545JP 


AD7545SE 

± 1 

±10 

AD7545KP 


AD7545TE 

±1/2 

±5 

AD7545LP 


AD7545UE 

±1/2 

±1 

AD7545GLP 


AD7545GUE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 3 See Section 14 for package outline information. 
Contact your local sales office for military data sheet. For U.S. Standard 4 PLCC: Plastic Leaded Chip Carrier. 

Military Drawing (SMD) see DESC drawing 5962-87702. 5 LCCC: Leadless Ceramic Chip Carrier. 

2 Analog Devices reserves to right to ship ceramic packages (D-20) in lieu of 
cerdip packages (Q-20). 


PIN CONFIGURATIONS 
DIP 



LCCC 


2 2 I- m S 

a v 2 E J 

a < o oc > 


3 2 1 20 19 



18 V DD 
17 WR 
16 CS 

15 DBO (LSB) 
14 OBI 


| g g § | 


PLCC 
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SPECIFICATIONS 


(V REF = + 10V, V 0UT1 = OV, AGND = DGND unless otherwise specified) 


Parameter 

Version 

V DD = +5V 

Limits 

T A = +25° C T min , W 

V DD = +15V 

Limits 

Ta = +25 C Tmin, Tndax 1 

Units. 

Test Conditions/Comments 

STATIC PERFORMANCE 








Resolution 

All 

12 

12 

12 

12 

Bits 


Relative Accuracy 

J, A, S 

±2 

±2 

+2 

±2 

LSB max 



K, B, T 

±1 

±1 

±1 

±1 

LSB max 



L, C, U 

±1/2 

±1/2 

±1/2 

±1/2 

LSB max 



GL, GC, GU 

+1/2 

±1/2 

±1/2 

±1/2 

LSB max 


Differential Nonlinearity 

J, A, S 

±4 

±4 

±4 

±4 

LSB max 

10-Bit Monotonic T m j n to T max 


K, B, T 

±1 

±1 

±1 

±1 

LSB max 

12-Bit Mono tonic T m i n to T max 


L, C,U 

±1 

±1 

±1 

±1 

LSB max 

12-Bit Monotonic T m ; n to T mav 


GL, GC, GU 

±1 

±1 

±1 

±1 

LSB max 

12-Bit Monotonic T min to T mflV 

Gain Error (Using Internal RFB) 2 

J, A, S 

±20 

±20 

±25 

±25 

LSB max 

DAC Register Loaded with 


k.b.t 

±10 

±10 

±15 

±15 

LSB max 

mi mi mi 


L, C.U 

±5 

±6 

±10 

±10 

LSB max 

Gain Error is Adjustable Using 


GL, GC, GU 

±1 

±2 

±6 

±7 

LSB max 

the Circuits of Figures 4, 5 and 6 

Gain Temperature Coefficient 3 








AGain/ATemperature 

All 

±5 

±5 

±10 

±10 

ppm/°C max 

Typical Value is 2ppm/° C for V DD = +5V 

DC Supply Rejection 3 








AGain/AV DD 

All 

0.015 

0.03 

0.01 

0.02 

% per % max 

AV dd = ±5% 

Output Leakage Current at OUT1 

J, K, L, GL 

10 

50 

10 

50 

nA max 

DB0-DB11 = 0V; WR, CS = 0V 


A, B, C,GC 

10 

50 

10 

50 

nA max 



S,T, U,GU 

10 

200 

10 

200 

nA max 


DYNAMIC PERFORMANCE 








Current Settling Time 3 

All 

2 

2 

2 

2 

Us max 

To 1/2LSB. OUT 1 load = 100ft. DAC 








output measured from falling edge of 








WR. CS = 0V. 

Propagation Delay 3 (from Digital 








Input Change to 90% 








of final Analog Output) 

All 

300 

- 

250 

_ 

ns max 

OUT1 LOAD = 100ft C EX t = 13pF 4 

Digital to Analog Glitch Impulse 

All 

400 

- 

250 

_ 

nV sec typ 

Vref = AGND 

AC Feedthrough s 








AtloUTl 

All 

5 

5 

5 

5 

mV p-p typ 

Vref = 3:10V, 10kHz Sinewave 

REFERENCE INPUT 






m—msm 


Input Resistance 

All 

7 

7 

7 

7 


Input Resistance TC = -300ppm/°C typ 

(Pin 19 to GND) 


25 

25 

25 

25 

KH 

Typical Input Resistance = llkft 



















70 

70 

70 

70 


DB0-DB1 1 = 0V, WR, CS = 0V 



200 

200 

200 

200 


DB0-DB11 = V DD , WR, CS = 0V 

DIGITAL INPUTS 








Input High Voltage 








Vih 

All 

2.4 

2.4 

13.5 

13.5 

V min 


InpAt Low Voltage 








V IL 

All 

0.8 

0.8 

1.5 

1.5 

V max 


Input Current 6 









All 

±1 

±10 

±1 

±10 

juA max 

V IN = 0 or V DD 

Input Capacitance 3 








DBO-DB11 

All 

5 

5 

5 

5 

pF max 

V IN =0 

WR, CS 

All 

20 

20 

20 

20 

pF max 

Vin=0 

SWITCHING CHARACTERISTICS 7 








Chip Select to Write Setup Time 

All 

280 

380 

180 

200 

ns min 

See Timing Diagram on next page 

*cs 


200 

270 

120 

150 

ns typ 


Chip Select to Write Hold Time 








tCH 

All 

0 

0 

0 

0 

ns min 


Write Pulse Width 








tWR 

All 

250 

400 

160 

240 

ns min 

tCS^WR. tCH^° 



175 

280 

100 

170 

ns typ 


Data Setup Time 

All 

140 

210 

90 

120 

ns min 


*DS 


100 

150 

60 

80 

ns typ 


Data Hold Time 








*DH 

All 

10 

10 

10 

10 

ns min 


POWER SUPPLY 








*DD 

All 

2 

2 

2 

2 

mA max 

All Digital Inputs V 1L or Vj H 



100 

500 

100 

500 

juA max 

All Digital Inputs 0V or Vdd 



10 

10 

10 

10 

juAtyp 

All Digital Inputs 0V or Vdd 


NOTES 

1 Temperature Ranges as follows: J, K, L, GL versions; 0 to +70°C 

A, B, C, GC versions; -25°C to +85°C 
S, T, U, GU versions; -55°C to +125°C 
“This includes the effect of Sppm max gain TC. 

“Guaranteed but not tested. 

4 DB0-DB11 = OV to V DD or V DD to OV. 

* Feedthrough can be further reduced by connecting the metal 
lid on the ceramic package to DGND. 

6 Logic inputs are MOS gates. Typical input current (+25° C) is less than InA. 
“Sample tested at +25°C to ensure compliance. 

Specifications subject to change without notice. 


2-294 DIGITAL-TO-ANALOG CONVERTERS 

































AD7545 


WRITE CYCLE TIMING DIAGRAM 



MODE SELECTION 

WRITE MODE: HOLD MODE: 

CS and WR low, DAC responds Either CS or WR high, data bus 
to data bus ( DBO-DB 1 1 ) inputs. (DBO-DB 1 1 ) is locked out; DAC 
holds last data present when 
WR or CS assumed high state. 

NOTES: 

Vqo “ +5V; tf * tf * 20n* 

Vqd “ +15V; tf - tf » 40n* 

All input signal rise and fall times measured from 10% to 
90% of Voo • 

Timing measurement reference level is Vih + V| L /2. 


ABSOLUTE MAXIMUM RATINGS* 

(T A = + 25°C unless otherwise noted) 


V DD to DGND -0.3V, + 17V 

Digital Input Voltage to DGND .... -0.3V, V DD + 0.3V 

Vrfbj Vref to DGND ±25V 

VpiNi to DGND -0.3V, V DD + 0.3V 

AGND to DGND -0.3V, V DD + 0.3V 


Power Dissipation (Any Package) to + 75°C 450mW 

Derates above 75°C by 6mW/°C 

Operating Temperature 

Commercial (J, K, L, GL) Grades 0 to 4- 70°C 

Industrial (A, B, C, GC) Grades - 25°C to + 85°C 

Extended (S, T, U, GU) Grades - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


NOTES 

^Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation at or above this specification is not implied. Exposure to above maximum rating conditions for extended periods 
may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



APPLICATION HINTS 

Output Offset: CMOS D/A converters exhibit a code depend- 
ent output resistance which in turn causes a code dependent 
amplifier noise gain. The effect is a code dependent differ- 
ential nonlinearity term at the amplifier output which 
depends on Vqs where Vqs is the amplifier input offset 
voltage. To maintain monotonic operation it is recom- 
mended that Vqs be no greater than (25 X 10"^) (Vref) over 
the temperature range of operation. Suitable op amps are 
AD517L and AD544L. The AD517L is best suited for fixed 
reference applications with low bandwidth requirements: it 
has extremely low offset (50juV) and in most applications 
will not require an offset trim. The AD544L has a much wider 
bandwidth and higher slew rate and is recommended for multi- 
plying and other applications requiring fast settling. An offset 
trim on the AD544L may be necessary in some circuits. 
General Ground Management: AC or transient voltages be- 
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages 
at AGND and DGND are equal is to tie AGND and DGND 
together at the AD7545. In more complex systems where the 
AGND and DGND intertie is on the backplane, it is recom- 
mended that two diodes be connected in inverse parallel 
between the AD7545 AGND and DGND pins (1N914 or 
equivalent). 

Digital Glitches: When WR and CS are both low the latches 
are transparent and the D/A converter inputs follow the data 
inputs. In some bus systems, data on the data bus is not always 
valid for the whole period during which WR is low and as a 


result invalid data can briefly occur at the D/A converter 
inputs during a write cycle. Such invalid data can cause un- 
wanted glitches at the output of the D/A converter. The 
solution to this problem, if it occurs, is to retime the write 
pulse WR so that it only occurs when data is valid. 

Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUT1 and AGND terminals. This should 
be minimized by screening the analog pins of the AD7545 
(Pins 1, 2, 19, 20) from the digital pins by aground track 
run between pins 2 and 3 and between pins 18 and 19 of 
the AD7545. Note how the analog pins are at one end of the 
package and separated from the digital pins by Vdd and DGND 
to aid screening at the board level. On-chip capacitive coupling 
can also give rise to crosstalk from the digital to analog sec- 
tions of the AD7545, particularly in circuits with high cur- 
rents and fast rise and fall times. This type of crosstalk is 
minimized by using V DD = +5 volts. However, great care 
should be taken to ensure that the +5V used to power the 
AD7545 is free from digitally induced noise. 

Temperature Coefficients: The gain temperature coefficient 
of the AD7545 has a maximum value of 5ppm/°C and a 
typical value of 2ppm/°C. This corresponds to worst case 
gain shifts of 2LSBs and 0.8LSBs respectively over a 100° C 
temperature range. When trim resistors R1 and R2 are used 
to adjust full scale range, the temperature coefficient of R1 
and R2 should also be taken into account. The reader is 
referred to Analog Devices Application Note “Gain Error 
and Gain Temperature Coefficient of CMOS Multiplying 
DACs”, Publication Number E630— 10— 6/81. 
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BASIC APPLICATIONS 

Figures 1 and 2 show simple unipolar and bipolar circuits using 
theAD7545. Resistor R1 is used to trim for full scale. The “G” 
versions (AD7545GLN, AD7545GCQ, AD7545GUD) have 
a guaranteed maximum gain error of ±1LSB at +25 C (Vdd - 
+5V) and in many applications it should be possible to dis- 
pense with gain trim resistors altogether. Capacitor Cl pro- 
vides phase compensation and helps prevent overshoot and 
ringing when using high speed op amps. Note that all the 
circuits of Figures 1 and 2 have constant input impedance 
at the Vref terminal. 

The circuit of Figure 1 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in 
the range 0 to -Vin (note the inversion introduced by the op 
amp) or Vin can be an ac signal in which case the circuit be- 
haves as an attenuator (2-Quadrant Multiplier). Vin can be 
any voltage in the range -20<V Us ; <+20 volts (provided the 
op amp can handle such voltages) since Vref is permitted to 
exceed Vdd- Table II shows the code relationship for the 
circuit of Figure 1. 


Vdd P2* 



TRIM 

RESISTOR 

J/A/S 

K/B/T 

L/C/U 

GL/GC/GU 

R1 

500ft 

200U 

iooa 

20ft 

R2 

150ft 

68a 

an 

6.8ft 


Figure 2 and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function it- 
self uses offset binary code and inverter Ui on the MSB line 
converts 2’s complement input code to offset binary code. 

If appropriate, inversion of the MSB may be done in software 
using an exclusive -OR instruction and the inverter omitted. 
R3, R4 and R5 must be selected to match within 0.01% and 
they should be the same type of resistor (preferably wire- 
wound or metal foil), so that their temperature coefficients 
match. Mismatch of R3 value to R4 causes both offset and 
full scale error. Mismatch of R5 to R4 and R3 causes full 
scale error. 



Figure 2. Bipolar Operation (2's Complement Code) 


Data Input 

Analog Output 

0111 

1111 

1111 

♦Vm . 

/ 2047 \ 
12048/ 

0000 

0000 

0001 


/ ii 

12048/ 

0000 

0000 

0000 

0 Volts 


1111 

1111 

1111 

-Vin • 

{uks} 

1000 

0000 

0000 

-Vin • 

/ 20481 
12048/ 


Table 1. Recommended Trim Resistor Values vs. Grades 

for Vdd = +5V Table III. 2's Complement Code Table for Circuit of 

Figure 2 


Binary Number in 

DAC Register 

Analog Output 

1111 

1111 

1111 

-Vin - 

(4095 1 

14096/ 

1000 

0000 

0000 

-Vin \ 

f2048 \ 

[4096 / -- 1/2V 1N 

0000 

0000 

0001 

-Vin 

{4096 } 

0000 

0000 

0000 

0 Volts 



Table II. Unipolar Binary Code Table for Circuit of Figure 1 
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ANALOG 

DEVICES 



CMOS 12-Bit 
Buffered Multiplying DAC 


AD7545A 


FEATURES 

Improved Version of AD7545 
Fast Interface Timing 
All Grades 12-Bit Accurate 
Small 20-Pin 0.3" DIP and 
20-Terminal Surface Mount Package 
Low Cost 

GENERAL DESCRIPTION 

The AD7545A, a 12-bit CMOS multiplying DAC with internal 
data latches, is an improved version of th e industry standard 
AD7545. This new design features a WR pulse width of 100ns 
which allows interfacing to a much wider range of fast 8-bit and 
16-bit microprocessors. It is loa ded b y a single 12-bit wide word 
under the control of the CS and WR inputs; tying these control 
inputs low makes the input latches transparent allowing unbuffered 
operation of the DAC. 

ORDERING INFORMATION 1 ’ 2 


AD7545A FUNCTIONAL BLOCK DIAGRAM 

Rfb 



DB11-DB0 


Relative Gain 
Accuracy, Error, LSB 
LSB 

Temperature Range and Package Options 3 

Tmin-T^ Tmjn-Tmax 

0 to + 70°C 

— 25°C to +85°C 

— 55°C to + 125°C 


Plastic DIP (N-20) 

Hermetic (Q-20) 

Hermetic (Q-20) 

±1/2 ±4 

AD7545AKN 

AD7545ABQ 

AD7545ATQ 

±1/2 ±2 

AD7545ALN 

AD7545ACQ 

AD7545AUQ 


PLCC 4 (P-20 A) 


LCCC 5 (E-20A) 

±1/2 ±4 

AD7545AKP 


AD7545ATE 

±1/2 ±2 

AD7545ALP 

i 

AD7545AUE 


NOTES 

’To order MIL-STD-883C, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 Analog Devices reserves the right to ship ceramic packages (D-20) in lieu of cerdip 
packages (Q-20). 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carier. 

S LCCC: Leadless Ceramic Chip Carrier. 

PIN CONFIGURATIONS 


DIP 


LCCC 


PLCC 
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SPECIFICATIONS 


(Vref = + 10V, Youn = OV, AGND = DGND unless otherwise specified) 




mm 

ESHEMBI 


SSSBIi 











Parameter 

Version 

K 

SSXSuSI 

EB 


Units 

Test Conditions/Comments 

STATIC PERFORMANCE 








Resolution 

All 

12 

12 

12 

12 

Bits 


Relative Accuracy 

K,B,T 

±1/2 

±1/2 

±1/2 

±1/2 

LSB max 



L,C,U 

±1/2 

±1/2 

±1/2 

±1/2 

LSB max 

Endpoint Measurement 

Differential Nonlinearity 

All 

±1 

±1 

±1 

±1 

LSB max 

A11 Grades Guaranteed 12-Bit 

Monotonic Over Temperature 

Gain Error 

K,B,T 

±3 

±4 

±3 

±4 

LSB max 

Measured Using Internal Rrb* 


L,C,U 

±1 

±2 

±1 

±2 

LSB max 

DAC Register Loaded with AU Is. 

Gain Temperature Coefficient 2 

All 

±5 

±5 

±5 

±5 

ppm/°C max 


A Gain/ AT emperature 

DC Supply Rejection 2 

All 

±2 

±2 

±2 

±2 

ppm/°C typ 


AGain/AV DD 

All 

0.002 

0.004 

0.002 

0.004 

% per % max 

AV DD = ±5% 

Output Leakage Current at OUT 1 

K,L 

10 

50 

10 

50 

nA max 

DBO-DB 11 = 0V;WR,CS = 0V 


B,C 

10 

50 

10 

50 

nA max 



T,U 

10 

200 

10 

200 

nA max 


DYNAMIC PERFORMANCE 








Current Settling Time 2 

AU 

1 

1 

1 

1 

(xsmax 

To 1/2LSB. OUT 1 load= 10011, 

Cext - 13pF. DAC output measured 
from falling edge ofWR. CS = 0V. 

Propagation Delay 2 (from Digital) 








Input Change to 90% 
of Final Analog Output) 

AU 

200 

. 

150 

_ 

ns max 

OUT1 LOAD = 10011, C E xt = 13pF 3 

Digital-to- Analog Glitch Inpulse 2 

AC Feedthrough 2,4 

AU 

5 


5 


nV sec typ 

Vref = AGND. OUT1 Load = 100H, 
Cext= 13pF. DAC Register 

Alternately Loaded with AU 0s and AU Is. 

At OUT I 

All 

5 

5 

5 

5 

mV p-p typ 

Vref = ± 10V, 10kHz Sinewave 

REFERENCE INPUT 








InputResistance 

AU 

10 

10 

10 

10 

kOmin 

Input Resistance TC = - 300ppm/°C typ 

(Pin 19toGND) 


20 

20 

20 

20 

kil max 

Typical Input Resistance = 15kll 

ANALOG OUTPUTS 








Output Capacitance 2 







DB0-DB11 =0V, WR,CS = 0V 

Couti 

AU 

70 

70 

70 

70 

pF max 

Couti 

AU 

150 

150 

150 

150 

pF max 

DBO-DB 1 1 = V DE >, WR, CS = 0V 

DIGITAL INPUTS 








Input High Voltage 

Vih 

Input Low Voltage 

AU 

2.4 

2.4 

13.5 

13.5 

V min 


V IL 

Input Current 5 

AU 

0.8 

0.8 

1.5 

1.5 

Vmax 


I IN 

Input Capacitance 2 

AU 

±1 

±10 

± 1 

±10 

pA max 

Vi N = 0orV DD 

DBO-DB 1 1 , WR, CS 

AU 

8 

8 

8 

8 

pF max 


SWITCHING CHARACTERISTICS 2 








Chip Select to Write Setup Time 

K,B,L,C 

100 

130 

75 

85 

ns min 

See Timing Diagram 

tcs 

Chip Select to Write Hold Time 

T,U 

100 

170 

75 

95 

ns min 


*CH 

AU 

0 

0 

0 

0 

ns min 


Write Pulse Width 

K,B,L,C 

100 

130 

75 

85 

ns min 

tcs^twRj tcH^O 

Twr 

Data Setup Time 

T,U 

100 

170 

75 

95 

ns min 


*DS 

Data Hold Time 

AU 

100 

150 

60 

80 

ns min 


*DH 

AU 

5 

5 

5 

5 

ns min 


POWER SUPPLY 








Vdd 

AU 

5 

5 

15 

15 

V 

± 5% for Specified Performance 

Idd 

AU 

2 

2 

2 

2 

mA max 

A11 Digital Inputs V IL or Vx H 



100 

100 

100 

100 

(j.A max 

A11 Digital Inputs 0V or Vdd 



10 

10 

10 

10 

pAtyp 

AU Digital Inputs 0V or V D d 


NOTES' 

'Temperature Ranges as follows: 

K, L versions; 0 to + 70°C 

B, C versions; - 25°C to + 85°C 
T, U versions; - 55°C to + 125°C 
2 Sample tested to ensure compliance. 

3 DB0-DB1 1 = OV to V DD or V DD to OV. 

4 Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
s Logic inputs are MOS gates. Typical input current ( + 25°C) is less than InA. 

Specifications subject to change without notice. 
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AD7545A 


WRITE CYCLE TIMING DIAGRAM 



MODE SELECTION 

WRITE MODE: HOLD MODE: 

CS and WR low, DAC responds Either CS or WR high, data bus 
to data bus (DB0-DB11) inputs. (DB0-DB11) is locked out; DAC 
holds last data present when 
WR or CS assumed high state. 

NOTES: 

Vqd “ +5V; t, = tf * 20m 
Vqo = +15V; t, * tf * 40m 

All input signal rise and fall times measured from 10% to 
90% of Vdd • Vih + Vil 

Timing measurement reference level is - l n -— — **■ — . 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise noted) 


V DD to DGND -0.3V, + 17V 

Digital Input Voltage to DGND .... -0.3V, V DD + 0.3V 

Vrfb, Vref to DGND ±25V 

VpiNi to DGND -0.3V, V DD + 0.3V 

AGND to DGND -0.3V, V DD + 0.3V 

Power Dissipation (Any Package) to 75°C 450mW 

Derates above 75°C by 6mW/°C 

NOTES 


Operating Temperature 

Commercial (K, L) Grades 0 to 4- 70°C 

Industrial (B, C) Grades -25°Cto+85°C 

Extended (T, U) Grades - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation at or above this specification is not implied. Exposure to above maximum rating conditions for extended periods 
may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



APPLICATION HINTS 

Output Offset: CMOS D/A converters in circuits such as Figures 
1 and 2 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this error, which 
adds to the D/A converter nonlinearity, depends on Vos? where 
V 0 s is the amplifier input offset voltage. To maintain specified 
accuracy with Vref at 10V, it is recommended that Vos be no 
greater than 0.25mV, or (25 x 10 -6 ) (Vref)> over the temperature 
range of operation. Suitable op amps are AD517 and AD711. 
The AD517 is best suited for fixed reference applications with 
low bandwidth requirements: it has extremely low offset (150|xV 
max for lowest grade) and in most applications will not require 
an offset trim. The AD711 has a much wider bandwidth and 
higher slew rate and is recommended for multiplying and other 
applications requiring fast settling. An offset trim on the AD711 
may be necessary in some circuits. 

General Ground Management: AC or transient voltages between 
AGND and DGND can cause noise injection into the analog 
output. The simplest method of ensuring that voltages at AGND 
and DGND are equal is to tie AGND and DGND together at 
the AD7545A. In more complex systems where the AGND and 
DGND intertie is on the backplane, it is recommended that two 
diodes be connected in inverse parallel between the AD7545A 
AGND and DGND pins (1N914 or equivalent). 

Invalid Data: When WR and CS are both low, the latches are 
transparent and the D/A converter inputs follow the data inputs. 
In some bus systems, data on the data b us is not always valid 
for the whole period during which WR is low, and as a result 
invalid data can briefly occur at the D/A converter inputs during 


a write cycle. Such invalid data can cause unwanted signals or 
glitches at the output of the D/A converter. The solut ion to this 
problem, if it occurs, is to retime the write pulse WR so that it 
only occurs when data is valid. 

Digital Glitches: Digital glitches result due to capacitive coupling 
from the digital lines to the OUT1 and AGND terminals. This 
should be minimized by screening the analog pins of the AD7545A 
(Pins 1, 2, 19, 20) from the digital pins by a ground track run 
between Pins 2 and 3 and between Pins 18 and 19 of the AD7545A. 
Note how the analog pins are at one end (DIP) or side (LCC 
and PLCC) of the package and separated from the digital pins 
by V D d and DGND to aid screening at the board level. On-chip 
capacitive coupling can also give rise to crosstalk from the ditigal- 
to-analog sections of the AD7545A, particularly in circuits with 
high currents and fast rise and fall times. This type of crosstalk 
is minimized by using Vdd= + 5 volts. However, great care 
should be taken to ensure that the + 5 V used to power the 
AD7545A is free from digitally induced noise. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7545A has a maximum value of 5ppm/°C and a typical 
value of 2ppm/°C. This corresponds to worst case gain shifts of 
2LSBs and 0.8LSBs respectively over a 100°C temperature 
range. When trim resistors R1 and R2 (such as in Figure 4) are 
used to adjust full-scale range, the temperature coefficient of R1 
and R2 should also be taken into account. The reader is referred 
to Analog Devices Application Note “Gain Error and Gain 
Temperature Coefficient to CMOS Multiplying DACs”, Publi- 
cation Number E630c-5-3/86. 
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BASIC APPLICATIONS 

Figures 1 and 2 show simple unipolar and bipolar circuits using 
the AD7545A. Resistor R1 is used to trim for full scale. The L, 
C, U grades have a guaranteed maximum gain error of ± 1LSB 
at + 25°C, and in many applications it should be possible to 
dispense with gain trim resistors altogether. Capacitor Cl provides 
phase compensation and helps prevent overshoot and ringing 
when using high-speed op amps. Note that all the circuits of 
Figures 1 and 2 have constant input impedance at the Vre F 
terminal. 

The circuit of Figure 1 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in 
the range 0 to - Vi N (note the inversion introduced by the op 
amp) or V IN can be an ac signal in which case the circuit behaves 
as an attenuator (2-Quadrant Multiplier). V IN can be any voltage 
in the range - 20=^ Vin^ + 20 volts (provided the op amp can 
handle such voltages) since Vref is permitted to exceed V DD . 
Table II shows the code relationship for the circuit of Figure 1 . 



Figure 1. Unipolar Binary Operation 


TRIM 

RESISTOR 

k,b,t 

L,C,U 

R1 

son 

2 oa 

R2 

27n 

6.811 


Table I. Recommended Trim Resistor Values vs. Grades 


Figure 2 and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function itself 
uses offset binary code, and inverter Ui on the MSB line converts 
2’s complement input code to offset binary code. If appropriate, 
inversion of the MSB may be done in software using an exclusive 
- OR instruction and the inverter omitted. R3, R4 and R5 
must be selected to match within 0.01%, and they should be the 
same type of resistor (preferably wire-wound or metal foil), so 
that their temperature coefficients match. Mismatch of R3 value 
to R4 causes both offset and full-scale error. Mismatch of R5 to 
R4 and R3 causes full-scale error. 


•REFER TO TABLE 1. 



Figure 2. Bipolar Operation ( 2's Complement Code) 


Data Input 

Analog Output 

0111 

1111 

1111 

+v IN . 

f 2047 \ 

\ 2048 J 

0000 

0000 

0001 

+V IN . 

{"20?8} 

0000 

0000 

0000 

0 Volts 


1111 

1111 

1111 

-Vin • 

loo 

Hs 

1000 

0000 

0000 

-v IN . 

| 20481 

12048 ) 


Binary Number in 

DAC Register 

Analog Output 

1111 

1111 

1111 

-Vin 

14095 \ 

\ 4096 | 

1000 

0000 

0000 

-V,n ■ 

12048 1 , 

1 4096 } “ -1/2 V 1N 

0000 

0000 

0001 

-Vin 

{ 4^6 } 

0000 

0000 

0000 

0 Volts 



Table III. 2's Complement Code Table for Circuit of Figure 2. 


Table II. Unipolar Binary Code Table for Circuit of Figure 1 . 
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n ANALOG 

LC 2 M0S 

U DEVICES 

Parallel Loading Dual 12-Bit DAC 


AD7547 


FEATURES 

Two 12-Bit DACs in One Package 
DAC Ladder Resistance Matching: 0.5% 

Space Saving Skinny DIP and Surface 
Mount Packages 
4-Quadrant Multiplication 
Low Gain Error (1LSB max Over Temperature) 
Fast Interface Timing 

APPLICATIONS 
Automatic Test Equipment 
Programmable Filters 
Audio Applications 
Synchro Applications 
Process Control 


GENERAL DESCRIPTION 

The AD7547 contains two 12-bit current output DACs on one 
monolithic chip. Also on-chip are the level shifters, data registers 
and control logic for easy microp rocessor interfacing. There are 
12 data inputs. CSA, CSB, WR control DAC selection and 
loading. Dat a is latched into the DAC registers on the rising 
edge of WR. The device is speed compatible with most micro- 
processors and accepts TTL, 74HC and 5V CMOS logic level 
inputs. 

The D/A converters provide 4-quadrant multiplication capabilities 
with separate reference inputs and feedback resistors. Monolithic 
construction ensures that thermal and gain error tracking is 
excellent. 12-bit monotonicity is guaranteed for both DACs over 
the full temperature range. 

The AD7547 is manufactured using the Linear Compatible 
CMOS (LC 2 MOS) process. This allows fast digital logic and 
precision linear circuitry to be fabricated on the same die. 


AD7547 FUNCTIONAL BLOCK DIAGRAM 


Vdd 



PRODUCT HIGHLIGHTS 

1. DAC to DAC Matching: 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. Many applications which 
are not practical using two discrete DACs are now possible. 
Typical matching: 0.5%. 

2. Small Package Size: 

The AD7547 is available in both 0.3" wide, 24-pin DIPs and 
in 28-terminal surface mount packages. 

3. Wide Power Supply Tolerance: 

The device operates on a + 12V to + 15V Vdd* with ± 10% 
tolerance on this nominal figure. All specifications are guaran- 
teed over this range. 


CSA 

CSB 

WR 

FUNCTION 

X 

X 

1 

No Data Transfer 

1 

1 

X 

No Data Transfer 



0 

A Rising Edge on CSA or CSB Loads 

Data to the Respective DAC from the Data Bus 

0 

1 

_r 

DAC A Register Loaded from Data Bus 

1 

0 

jr 

DAC B Register Loaded from Data Bus 

0 

0 


DAC A and DAC B Registers Loaded 


from Data Bus 


NOTES 

1. X = Don’t care 

2 -J~ means rising edge triggered 

Table I. AD7547 Truth Table 
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CDcrinrATinwc 1 (V °° =: +12Vto +15V ' ±io% ’W = wb = iov ; \ om = \om = agnd = ov. 

OlLviriUnl IUnO All specifications to unless otherwise specified.) 


Parameter 

J»A 

Versions 

K,B 

Versions 

L,C 

Versions 

S Version 

T Version 

U Version 

Units 

Test Conditions/Comments 

ACCURACY 









Resolution 

12 

12 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1/2 

±1 

±1/2 

±1/2 

LSBmax 


Differential Nonlinearity 

±1 

±1 

±1 

±1 

±1 

±1 

LSBmax 

All grades guaranteed 









monotonic over temperature. 

Gain Error 

±6 

±3 

±1 

±6 

±3 

±2 

LSBmax 

Measured using Rfba> Rfbb- 









Both D AC registers loaded 









with all l’s. 

Gain Temperature Coefficient 2 ; 









AGain/ AT emperature 

±5 

±5 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical value is lppm/°C 

Output Leakage Current 









Iouta (Pin 2) 









+ 25°C 

10 

10 

10 

KQK :; - : 

10 

10 

nAmax 

DAC A Register loaded 

Tmin toTjjum 

150 


150 


250 


nAmax 

with all 0’s. 

Ioutb (Pin 24) 









+ 25°C 


10 

10 

■ 

10 


nAmax 

DAC B Register loaded 

T^n tO T^ 

150 

150 

150 


250 

250 

nAmax 

with all 0’s. 

REFERENCE INPUT 

■j 








Input Resistance (Pin 4, Pin 22) 

H 





9 

kflmin 

Typical Input Resistance = 14kD 





■ 


20 

kflmax 


Vrefa> V REF b 









Input Resistance Match 

BH 



B ■ 


±1 

%max 

Typically ±0.5% 

DIGITAL INPUTS 

■■■■■ 



■j 





Vih (Input High Voltage) 


2.4 

2.4 


2.4 

2.4 

V min 


Vil (Input Low Voltage) 


6.8 

0.8 


0.8 

0.8 

V max 


Iin (Input Current) 









+ 25°C 

±1 

± 1 

±1 


± 1 

±1 

jjlA max 

Vin=V dd 

Tmin toTjnjm 

±10 

±10 

±10 

Pf sSWStffei 

±10 

±10 

(xA max 


Cin (Input Capacitance) 2 

10 

10 

10 

OBH 

10 

10 

pF max 











m 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

V min/V max 



2 

2 

2 

2 

2 

2 

mA max 



AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for Design Guidance only and are not subject to test 

(V DD = +12Vto +15 Y;V refa = Vrefb = + 10V, Iquia = l QinB = AGND = OV. Output Amplifiers are AD644 except where stated.) 


Parameter 

T a = +25°C 

T A — T min , T m ax 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

' 

jxs max 

To 0.01% of full-scale range. Iout load = 10011, Cext = 13pF. 

DAC output measured from rising edge of WR. 

Typical Value of Settling Time is 0.8|xs. 

Digital-to- Analog Glitch Impulse 

7 

~ 

nV-styp 

Measured with Vrefa — Vrefb = 0V . Iouta j Ioutb 
load = 10011, Cext = 13pF. DAC registers alternately 
loaded with all 0’s and all l’s. 

AC Feedthrough 4 





Vrefa to Iouta 

-70 

-65 

dB max 

Vrefa> Vrefb - 20Vp-p 10kHz sinewave. DAC 

Vrefb to Ioutb 

-70 

-65 

dBmax 

registers loaded with all 0’s. 

Power Supply Rejection 





AGain/AV D D 

±0.01 

±0.02 

% per % max 

AVdd = VoDtnax — VoDtnin 

Output Capacitance 





Couta 

70 

70 

pF max 

DAC A, DAC B loaded with all 0’s. 

Coutb 

70 

70 

pF max 


Couta 

140 

140 

pFmax 

DAC A, DAC B loaded with all l’s. 

Coutb 

140 

140 

pF max 


Channel-to-Channel Isolation 





Vrefa to Ioutb 

-84 

- 

dB typ 

Vrefa = 20V p-p 10kHz sinewave, V REFB = 0V. 

Both DACs loaded with all l’s. 

Vrefb to Iouta 

-84 

- 

dBtyp 

Vrefb = 20V p-p 10kHz sinewave, V RE fa = 0V. 

Both DACs loaded with all l’s. 

Digital Crosstalk 

7 

- 



Output Noise Voltage Density 
(lOHz-lOOkHz) 

25 

- 

nV/VHztyp 

Measured between Rfba and Iouta or R F bb and Ioutb- 
Frequency of measurement is lOHz-lOOkHz. 

Total Harmonic Distortion 

-82 

- 

dBtyp 

Vin = 6V rms, 1kHz. Both DACs loaded with all l’s. 


NOTES 

'Temperature range as follows: J,K,L Versions: -40°Cto +85°C. 

A, B,C Versions: -40°Cto +85°C. 
S, T, U Versions: - 55°C to + 125°C. 
2 Sample tested at 25°C to ensure compliance, 
functional at V DD = 5V with degraded specifications. 

4 Pin 12 (DGND) on ceramic DIP packages is connected to lid. 
Specifications subject to change without notice. 
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AD7547 


TIMING CHARACTERISTICS (v DD = io.8vtoi6.5v,v R£FA = »»,= +iov,i oun = i oinB = agnd = wo. 


Parameter 

Limit at 

T a = +25°C 

Limit at 

T a = — 40°C to + 85°C 

Limit at 

T a = - 55°C 
to + 125°C 

Units 

Test Conditions/Comments 

ti 

60 

80 

80 

ns min 

Data Setup Time 

t2 

25 

25 

25 

ns min 

Data Hold Time 

t3 

80 

80 

100 

ns min 

Chip Select to Write Setup Time 

U 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

t 5 

80 

80 

100 

ns min 

Write Pulse Width 


NOTE 

Specifications subject to change without notice. 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% 

TO 90% OF + 5V. t r = t f = 20ns. V +V 

2. TIMING MEASUREMENT REFERENCE LEVEL IS — 


Figure 1. Timing Diagram for AD7547 


ABSOLUTE MAXIMUM RATINGS* 


(T a = 25°C unless otherwise stated) 

V DD to DGND -0.3V, + 17V 

Vrefa, V REF b to AGND, ±25V 

Vrfbaj Vr F bb to AGND, ±25V 

Digital Input Voltage to DGND -0.3V, V DD + 0.3V 

Iouta> Ioutb to DGND —0.3V, Vdd + 0.3V 

AGND to DGND -0.3V, V DD +0.3V 

Power Dissipation (Any Package) 

To +75°C 450mW 

Derates above + 75°C 6mW/°C 

Operating Temperature Range 

Commercial (J, K, L Versions) - 40°C to + 85°C 

Industrial (A, B, C Versions) -40°C to + 85°C 

Extended (S, T, U Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ORDERING INFORMATION 1 - 2 


Relative 

Accuracy 

Tmin to T raax 

Gain 

Error 

T min to T max 

Temperature Range and Package Options 3 

- 40°C to + 85°C 
Plastic DIP (N-24) 

- 40°C to +85°C 
Hermetic (Q-24) 

- 55°C to + 125°C 
Hermetic (Q-24) 

± 1LSB 

± 6LSB 

AD7547JN 

AD7547AQ 

AD7547SQ 

± 1/2LSB 

±3LSB 

AD7547KN 

AD7547BQ 

AD7547TQ 

± 1/2LSB 

± 1LSB 

AD7547LN 

AD7547CQ 


± 1/2LSB 

± 2LSB 

1 


AD7547UQ 



PLCC 4 (P-28A) 


LCCC 5 (E-28A) 

± 1LSB 

±6LSB 

AD7547JP 

1 

AD7547SE 

± 1/2LSB 

±3LSB 

AD7547KP 


AD7547TE 

± 1/2LSB 

± 1LSB 

AD7547LP 



± 1/2LSB 

±2LSB 



AD7547UQ 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheets. 

2 Analog Devices reserves the right to ship ceramic packages (D-24A)in lieu of 
cerdip packages (Q-24). 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carrier. 

S LCCC: Leadless Ceramic Chip Carrier. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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PIN CONFIGURATIONS 


DIP 


LCC 


PLCC 


AGND [T 

•° UTA I 2 

Rfba | 3 
Vrefa | 4 
"CSA [T 
(LSB) DBO [T 
DB1 (T 
DB2 [TT 
DB3 [IT 
DB4 Q7 
DB5 [TT 
DGND |j7 




AD7547 
TOP VIEW 
(Not to Scale) 


Ioutb 

Rfbb 

Vrefb 

Vdd 


0B11 (MSB) 

DB10 

DBS 

DB8 

DB7 

DB6 


cc _P < 


2 J I 

1 28 27 



C25 V dd 
C 24 CSB 
t 23 WR 
C 22 NC 
Z2^ DB11 
C 20 DB10 
: 19 DB9 


S £ 

o a 

= NO CONNECT 


j J S £ j j j 

ZI » i 


Vrefa Q[ 

CSA [T 
DBO [T 

NC Cl 

DB1 [T 
DB 2 [To 

DB3 jjT 


AD7547 
TOP VIEW 
(Not to Scale) 


2 s| V 0D 
TT] CSB 

3 W* 

22j NC 
2l] DB11 
2o] DB10 
T 9 J DB9 


bilNHCfJliEJLizJLiiJ 

S g 2 2 m to m 
o Q § a a a 

NC = NO CONNECT ° 


PIN FUNCTION DESCRIPTION 


PIN 

MNEMONIC 

DESCRIPTION 

1 

AGND 

Analog Ground. 

2 

Iouta 

Current output terminal of DACA. 

3 

Rfba 

Feedback resistor for DACA. 

4 

Vrefa 

Reference input to DACA. 

5 

CSA 

Chip Select Input for DAC A. Active low. 

6-18 

DB0-DB11 

12 data inputs, DBO (LSB)- DB1 1 (MSB). 

12 

DGND 

Digital Ground. 

19 

WR 

Write Input. Data transfer occurs on rising edge of WR. SeeTable I. 

20 

CSB 

Chip Select Input for DACB. Active low. 

21 

V DD 

Power supply input. Nominally + 12V to + 15V with ± 10% tolerance. 

22 

Vrefb 

Reference input to DACB. 

23 

Rfbb 

Feedback resistor of DACB. 

24 

Ioutb 

Current output terminal of DACB . 


CIRCUIT INFORMATION 
D/A SECTION 

The AD7547 contains two identical 12-bit multiplying D/A 
converters. Each DAC consists of a highly stable R-2R ladder 
and 12 N-channel current steering switches. Figure 2 shows a 
simplified D/A circuit for DAC A. In the R-2R ladder, binary 
weighted currents are steered between Iouta and AGND. The 
current flowing in each ladder leg is constant, irrespective of 
switch state. The feedback resistor Rfba is used with an op-amp 
to convert the current flowing in Iouta to a voltage output. 


EQUIVALENT CIRCUIT ANALYSIS 

Figure 3 shows the equivalent circuit for one of the D/A converters 
(DAC A) in the AD7547. A similar equivalent circuit can be 
drawn for DACB. Note that AGND is common to both DAC A 
and DAC B. 

R 



R R 



Figure 2. Simplified Circuit Diagram for DACA 


Figure 3. Equivalent Analog Circuit for DACA 

Cout is the output capacitance due to the N-channel switches 
and varies from about 50pF to 150pF with digital input code. 
The current source Ilkg is composed of surface and junction 
leakages and approximately doubles every 10°C. Ro is the equi- 
valent output resistance of the device which varies with input 
code. 

DIGITAL CIRCUIT INFORMATION 

The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static-protected MOS gates with 
typical input currents of less than InA. 
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ANALOG 

DEVICES 


LC 2 NI0S 

8-Bit ixP-Compatible 12-Bit DAC 

AD7548 


FEATURES 

8-Bit Bus Compatible 12-Bit DAC 
All Grades 12-Bit Monotonic Over Full 
Temperature Ranges 
Operation Specified at + 5V, + 12V 
or + 15V Power Supply 
Low Gain Drift of 5ppm/°C Maximum 
Full 4 Quadrant Multiplication 
Skinny DIP and Surface Mount Packages 

APPLICATIONS 

8-Bit Microprocessor Based Control Systems 
Programmable Amplifiers 
Function Generation 
Servo Control 


GENERAL DESCRIPTION 

The AD7548 is a 12-bit monolithic CMOS D/A converter for 
use with 8-bit bus microprocessors. Data is loaded in two bytes 
to input holding registers as shown in the block diagram opposite. 
The AD7548 can be configured to accept either left- or right- jus- 
tified data, least significant byte or most significant byte first, 
using standard TTL compatible control inputs. 

A separate load DAC control input allows the user the choice of 
updating the analog output coincident with loading new data to 
the DAC input register or at any time after the data loading 
event. This feature is especially important in multi-DAC systems 
where simultaneous update of all DACs is required. 

The new Linear Compatible CMOS (LC 2 MOS) process used in 
the manufacture of the AD7548 allows precision thin-film linear 
circuitry and high-speed low-power CMOS logic to be integrated 
on the same small chip. The high-speed logic allows direct 
interfacing to most of the popular 8-bit microprocessors. 


AD7548 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1 . Microprocessor Compatibility 

High speed input control (TTL/5V CMOS compatible) 
allow direct interfacing to most of the popular 8-bit 
microprocessors. 

2. Guaranteed Monotonicity 

The AD7548 is guaranteed monotonic to 12-bits over the full 
temperature range for all grades and at all specified supply 
voltages. 

3. Selectable Data Input Format 

Left- or right- justified data, least significant or most significant 
byte first. This allows the AD7548 to be interfaced with 
microprocessors using either Motorola or Intel-type data 
formatting. 

4. Monolithic Construction 

For increased reliability and reduced package size - 0.3" 
20-pin DIP and 20-terminal surface mount packages. 

5. Single Supply Operation - See Figure 8. 

6. Low Gain Error and Gain Error T.C. 
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SPECIFICATIONS 1 


(Vdd= + 5V, V REF = + 10V; Vpw, = V nN2 = OV. All specifications to unless otherwise specified) 


Parameter 

J,A 

Versions 

K,B 

Versions 

S Version 

T Version 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1 

±1/2 

LSBmax 


Differential Nonlinearity 

±1 

±1/2 

±1 

±1/2 

LSBmax 

All grades guaranteed monotonic to 12-bits 







over temperature. 

Full Scale Error 

±6 

±3 

±6 

±3 

LSBmax 

Measured using internal Rfb and includes 







effects of leakage current and gain TC. 







Full Scale Error can be trimmed to zero. 

Gain Temperature Coefficient 2 ; 







AGain/ATemperature 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical value is 2ppm/°C 

Output Leakage Current 







Iout (Pin 1) 







+ 25°C 

±5 

±5 

±5 

±5 

nA max 

All digital inputs = 0V 

Tmin tO T max 

±25 

±25 

±150 

±150 

nA max 


REFERENCE INPUT 







Input Resistance, Pin 19 




fl ■ 

kfl min 

Typical Input Resistance = 1 lkfl 


wSmKm 

Bi 

fl 

EM 

kfl max 


DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 

Vmax 


Ii N (Input Current) 







+ 25°C 

±1 

±1 

±1 

±1 

p,Amax 

ViN = 0VorV DD 

Tmin tO Tmax 

±10 

±10 

±10 

±10 

|xA max 


Cin (Input Capacitance) 2 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







V DD Range 

4.75/5.25 

4.75/5.25 

4.75/5.25 

4.75/5.25 

V min/V max 

Specifications guaranteed over this range 

Idd 

2 

2 

2 

2 

mA max 

All digital inputs V il or Vih 


300 

300 

300 

300 

|xA max 

All digital inputs 0V or Vdd 


SPECIFICATIONS 1 


(Yoo= + 12Vto +15V,V REF = +10V;Vp, N1 =Vp W2 =0Y.AII specifications T min to unless otherwise specified) 


Parameter 

LA 

Versions 

K, B 
Versions 

S Version 

T Version 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1 

±1/2 

LSB max 


Differential Nonlinearity 

±1 

±1/2 

±1 

±1/2 

LSB max 

All grades guaranteed monotonic to 12-bits 







over temperature. 

Full Scale Error 

±6 

±3 

±6 

±3 

LSB max 

Measured using internal Rfb and includes 







effects of leakage current and gain TC. 







Full Scale Error can be trimmed to zero. 

Gain Temperature Coefficient 2 ; 







AGain/ATemperature 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical value is 2ppm/°C 

Output Leakage Current 







IouT(Pinl) 







+ 25°C 

±5 

±5 

±5 

±5 

nAmax 

All digital inputs = OV 

Tmin TO Tmax 

±25 

±25 

±150 

±150 

nA max 


REFERENCE INPUT 


MggM 

flgSgfl 

flfl|fl 



Input Resistance, Pin 19 

E 

D 

§3 ty'Ti*'- 

E 

kfl min 

Typical Input Resistance = 1 lkfl 


Elfli 

HP® 

E 

K9EB 

kfl max 


DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 

Vmax 


Iim (Input Current) 







+ 25°C 

±1 

±1 

± 1 

±1 

|xA max 

Vi N = 0VorV DD 

Tmin to Tmax 

±10 

±10 

±10 

±10 

|xA max 


Cin (Input Capacitance) 2 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







V DD Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

V min/V max 

Specifications guaranteed over this range 

Idd 

3 

3 

3 

3 

mA max 

All digital inputs Vi L or V rH 


1 

1 

1 

1 

mA max 

All digital inputs 0V or V D d 


NOTES 

'Temperature range as follows: J , K versions: 0 to + 70°C 

A, B versions: -40°Cto +85°C 
S,T versions: - 55°Cto + 125°C 
‘Guaranteed by design but not production tested. 

Specifications subject to change without notice. 
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AD7548 


TIMING CHARACTERISTICS 1 (V DD = + 5V,V REF = 10V, V PIN1 = Vp, N2 = OV unless otherwise stated) 


Parameter 

Limit at 

T a = 25°C 

Limit 2 at 

T A = 0to+70°C 
— 40°C to + 85°C 

Limit 2 at 

T a = -55°C 
to + 125°C 

Units 

Test Conditions/Comments 

tDS 

240 

240 

290 

ns min 

Data Valid Setup Time 

tDH 

50 

50 

70 

ns min 

Data Valid Hold Time 

tews 

30 

40 

50 

ns min 

CSMSB or CSLSB to WR Setup Time 

tcWH 

15 

20 

25 

ns min 

CSMSBorCSLSBto WR Hold Time 

tLWS 

30 

40 

50 

ns min 

LDAC to WR Setup Time 

tjLWH 

15 

20 

25 

ns min 

LDAC to WR Hold Time 

tWR 

250 

280 

320 

ns min 

Write Pulse Width 

TIMING CHARACTERISTICS 1 (v DD =+i2vto+i5v,v REF =+iov < v |IHn =Vp lll2 = 

OV unless otherwise stated) 



Limit 2 at 

Limit 2 at 




Limit at 

T A =0to+70°C 

T a = -55°C 



Parameter 

T a = 25°C 

— 40°C to +85°C 

to + 125°C 

Units 

Test Conditions/Comments 

tDS 

160 


230 

ns min 

Data Valid Setup Time 

tDH 

30 

30 


ns min 

Data Valid Hold Time 

tews 

30 

40 

50 

ns min 

CSMSB or CSLSB to WR Setup Time 

tcWH 

15 

20 

25 

ns min 

CSMSB or CSLSB to WR Hold Time 

tLWS 

30 

40 


ns min 

LDAC to WR Setup Time 

tLWH 

15 

20 

25 

ns min 

LDAC to WR Hold Time 

tWR 

170 

200 

240 

ns min 

Write Pulse Width 


A a nrnrnnii a Aiftr am aha atciiicti ao 1)1656 characteristics are included for Design Guidance only and are not subjectto test 
AU rtKrUKmftNUt IHAKAUtKIolllrO (V REF = -h lOV, V PIN1 = V PIN2 = OV, Output Amplifier is AD544 except where stated) 


Parameter Version 


V DD = + 12V to + 15V 
Ta=+25°C Ta=Tmin>Tmax 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

1 

pstyp 

To 0.01% of full scale range. 

Iout load = 100ft, C EXT = 13pF. 

DAC register alternately 
loaded with all 1 s and all 0s 

Digital to Analog Glitch 

Impulse 

400 

330 

nV-sectyp 

Measured with Vref == 0V, 

Iout load = 100G, C E xt = 13pF. 
DAC register alternately 
loaded with aU Is and all 0s 

Multiplying Feedthrough Error 3 

3 5 

3 5 

mV p-p typ 

Vref = ~ 5 V, 10kHz sine wave 

DAC register loaded with aU 0s. 

Total Harmonic Distortion 

-85 

-85 


Vref - 6V rms @ 1kHz. 

DAC register loaded with aU Is. 

Power Supply Rejection 

A GAIN/A V DD 


■■H 

% per % max 

AV dd = ±5% 

Output Capacitance 

IoutCPI 11 1) 

200 200 

100 100 

200 200 

100 100 

pF max 
pF max 

DAC register loaded with aU Is. 
DAC register loaded with all 0s. 

Output Noise Voltage Density 
(lOHz-lOOkHz) 

15 

15 

nV/VHz typ 

Measured between Rfb and Iout 


NOTES 

'Guaranteed by design but not production tested. 

2 Temperature range as follows: J, K versions: Oto + 70°C 

A, B versions: - 40°C to + 85°C 
S, T versions: - 55°C to + 1 25°C 

’Feedthrough can be further reduced by connecting the metal lid on the ceramic package ( D-20) to DGN D . 
Specifications subject to change without notice . 
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ABSOLUTE MAXIMUM RATINGS* 

(T a = +25°C unless otherwise noted) 

Vdd (pin 18) to DGND + 17V 

Vref (pin 19) to AGND ±25V 

Vrfb (pin 20) to AGND ±25V 

Digital Input Voltage 

(pins 4-17) to DGND - 0.3V, V DD + 0.3V 

Vpin i to DGND -0.3V, V DD + 0.3V 

AGND to DGND -0.3V, V DD + 0.3V 

Power Dissipation (Any Package) 

To +75°C 450mW 

Derates above + 75°C 6mW/°C 


Operating Temperature Range 

Commercial (J, K versions) 0 to + 70°C 

Industrial (A, B versions) — 40°C to +85°C 

Extended (S, T versions) -55°C to + 125°C 

Storage Temperature . . . . . -65°Cto + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



DIP 


PIN CONFIGURATIONS 
LCCC 


PLCC 





v DD 

WR 

CSLSB 

LDAC 

DBO(LSB) 


ORDERING INFORMATION 1 ’ 2 


Relative 

Accuracy 

T min -T max 

Full-Scale 

Error 

Tmin“T max 

Temperature Range and Package Options 3 

Oto +70°C 

— 40°C to + 85°C 

— 55°C to +125°C 

± 1LSB 
± 1/2LSB 

±6LSB 

±3LSB 

Plastic DIP (N-20) 

AD7548JN 

AD7548KN 

Hermetic (Q-20) 

AD7548AQ 

AD7548BQ 

Hermetic (Q-20) 

AD7548SQ 

AD7548TQ 

± 1LSB 
± 1/2LSB 

±6LSB 

±3LSB 

PLCC 4 (P-20A) 

AD7548JP 

AD7548KP 


LCCC 5 (E-20A) 

AD7548SE 

AD7548TE 


NOTES 

*To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 Analog Devices reserves the right to ship ceramic (package outline D-20) packages 
in lieu of cerdip (package outline Q-20) packages. 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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AD7548 


PIN FUNCTION DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

lour D AC current OUT bus. Normally terminated at virtual ground of output amplifier. 

AGND Analog Ground. 

DGND Digital Ground. 

CSMSB Chip Select Most Significant (MS) Byte. Active Low Input . Use d in combin ation with WR to load 

external data into the input register or in combination with WR and LDAC to load external data into 
both input and DAC registers. 

DF/DOR Data Format/Data Override. When this input is LOW, data in the DAC register is forced to one of 

two override codes selected by CTRL. When the override signa l is removed, the DAC output 
returns to reflect the value in the DAC register. With DF/DOR HIGH, CTRL selects either a left 
or right justified input data format. For normal operation, DF/DOR is’hcld HIGH. 


DF/DOR 

CTRL 

FUNCTION 

0 

0 

DAC register contents overt idden bv all 0’s 

0 

1 

1 

1 

0 

1 

DAC register contents overriden by all 1 ’s 
Left-justified input data selected 
Right-justified input data selected 


6 CTRL Control Input. See pin 5 description. 

t^MOST SIGNIFICANT BYTE -*4«LEAST SIGNIFICANT BYTE 

CTRL = “0” 


X = Don’t care states. 

Data Bit 7. Most Significant Bit (MSB). 

Data Bit 6. 

Data Bit 5. 

Data Bit 4. 

Data Bit 3. 

Data Bit 2. 

Data Bit 1 . 

Data Bit 0. Least Significant Bit (LSB). 

Load DAC Input, active LOW. This signal, in combination with others, is used to load the DAC 
register from either the input register or the external data bus. 

Chip Select Least Significant (LS) Byte. Active LOW input. Used in combination with WR to load 
external data into the input register or in combination with WR and LDAC to load external data 
into both input and DAC registers. 

WRITE Input. This active low signal, in combination with others is used in loading external data 
into the AD7548 input register and in transferring data from the input register to the DAC register. 


WR 

CSMSB 

CSLSB 

LDAC 

FUNCTION 

0 

1 

0 

1 

Load LS Byte to Input Register. 

0 

1 

0 

0 

Load LS Byte to Input Register and DAC Register. 

0 

0 

1 

1 

Load MS Byte to Input Register. 

0 

0 

1 

0 

Load MS Byte to Input Register and DAC Register. 

0 

1 

1 

0 

Load Input Register to DAC Register. 

1 

X 

X 

X 

No Data T ransfer 


18 Vnn + 5V to + 15V Supply Input. 

19 Vref Reference Voltage Input. 

20 Rfb Feedback Resistor. Used for normal D/A conversion. 






CONTROL INPUT INFORMATION 

Figure la shows the data load timing diagram for the AD7548. 
Figure lb shows the simplified input control structure of the 


AD7548. 


*CWS tcWH 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. 
t, = t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

3. CSMSB (PIN 4) AND CSLSB (PIN 16) MAY BE INTERCHANGED. 

4. FOR LEFT- JUSTIFIED DATA CTRL= +0V WITH DF/DOR = +5V. 

FOR RIGHT- JUSTIFIED DATA CTRL= +5V WITH DF/DOR = +5V. 


DF/DOR 

CTRL 


LDAC 


CSLSB 


CSMSB 


WR 



Figure la. AD7548 Timing Diagram 


Figure 1b. Simplified AD7548 Input Control Structure 
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GENERAL CIRCUIT INFORMATION 

The simplified D/A circuit is shown in Figure 2. An inverted 
R-2R ladder structure is used, which steers binarily weighted 
currents between Iout and AGND, thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The iriput resistance at V RE f is constant and equal to the value 
“R” in Figure 2. Since the input resistance is constant, the 
reference terminal can be driven by a reference voltage or a 
reference current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
R fb is recommended to define scale factor). 


R R R 



Figure 2. AD7548 Simplified Functional Diagram 

EQUIVALENT CIRCUIT ANALYSIS 

Figure 3 shows an equivalent circuit for the analog section of 
the AD7548 D/A converter. The current source Ileakage is 
composed of surface and junction leakages. The resistor R 0? 
denotes the equivalent output resistance of the DAC which 
varies with input code (excluding all 0’s code) from 0.8R to 2R, 
where R is typically llkfl. C 0 ut is the capacitance due to the 
current steering switches and varies from about 50pF to 120pF 
(typical values) depending upon the digital input. g(V REF , N) is 
the Thevenin equivalent voltage generator due to the reference 
input voltage, V RFF , and the transfer function of R-2R ladder, 
N. 

For further information on CMOS multiplying D/A converters 
refer to “Application Guide to CMOS Multiplying D/A Conver- 
ters” available from Analog Devices, Publication Number G479- 
15-8/78. 



Figure 3. AD7548 Equivalent Analog Output Circuit 

DATA LOADING 

The AD7548 accepts incoming data in either left-justified format 
or right- justified format depending on the control inputs DF/DOR 
and CTRL. 

(See pin description of DF/DOR and CTRL on preceding 
page). 

Two operating modes are possible for controlling the transfer of 
data from the input register to the DAC register, the automatic 
transfer mode and the strobed transfer mode. 

AUTOMATIC TRANSFER MODE 

This is the simplest and fastest method of transf erring d ata to 
the DAC register. It is facilitated by connecting LDAC to either 
CSMSB, as shown in Figure 10, or CSLSB. 


Figure 4 shows the timing diagram for automatic transfer of 8 
+ 4-bit data to the DAC register. The first write cycle loads the 
first byte of data to the input register. The second write cycle 
loads the second byte of data to the input register and automatically 
transfers both bytes to the DAC register. 

Updating a single byte (High or Low) in the DAC register can 
be achieved in one write cycle using the automatic transfer 
mode. 



LOAD BYTE 1 INTO LOAD BYTE 2 INTO INPUT 
INPUT REGISTER AND DAC REGISTERS. 

TRANSFER BYTE 1 TO DAC 
REGISTER. ANALOG OUTPUT 
UPDATED. 


Figure 4. Automatic Transfer Mode 
STROBED TRANSFER MODE 

Figure 5 shows the timing diagram for the strobed transfer of 8 
+ 4-bit data to the DAC register. Three write cycles are required 
for this transfer mode. The first two write cycles sequentially 
load bytes 1 and 2 into the input register. The third write cycle 
transfers data from the input register to the DAC register. 

The strobed transfer mode allows the DAC registers of several 
AD7548’s to be updated simultaneously, as shown i n Figur e 13, 
by means of a master strobe signal connected to the LDAC of 
each device. 

A single byte of data (High or Low) can be transferred to the 
DAC register in two write cycles using the strobed transfer 
mode. 



LOAD BYTE 1 INTO LOAD BYTE 2 INTO TRANSFER DATA 

INPUT REGISTER INPUT REGISTER FROM INPUT REGISTER 

TO DAC REGISTER. 
ANALOG OUTPUT UPDATED. 

Figure 5. Strobed Transfer Mode 
DATA OVERRIDE 

The conte nts of the DAC register can be overridden by pulling 
DF/DOR (pin 5) LOW. The CTRL (pin 6) input then determines 
whether the DAC register data is overidden by all Os (CTRL 
LOW) or all Is (CTRL HIGH). This feature allows the user to 
calibrate the AD7548 in circuits such as Figure 6 without calling 
on the microprocessor to load calibration data. 
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Applying the AD7548 


UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 6 shows the analog circuit connections required for unipolar 
binary operation. With a dc input voltage or current (positive or 
negative polarity) applied at pin 19, the circuit is a unipolar 
D/A converter. With an ac input voltage the circuit provides 2- 
quadrant multiplication (digitally controlled attenuation). 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

Figure 7 and Table II illustrate the recommended circuit and 
code relationship for bipolar operation. The circuit uses offset 
binary input coding. However, 2’s complement coding can be 
accommodated if the MSB is inverted (done in software) before 
data is loaded into the DAC. 


Table I shows the code relationship for the circuit of Figure 6. 

For full scale trimming the DAC register is loaded with 1111 
1111 1111. This is most easily accomplished by using the data 
override function. R1 is then adjusted for Vout^ - Vin (4095/ 
4096). Alternatively full scale can be adjusted by omitting R1 
and R2 and trimming the reference voltage magnitude. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when using high speed op amps. 



With the DAC register loaded to 1000 0000 0000, adjust R1 for 
Vout = 0V (alternatively one can omit R1 and R2 and adjust the 
ratio of R3 and R4 for V O ut = 0V). Full scale trimming can be 
accomplished by adjusting the amplitude of Vi N or by varying 
the value of R5. 



R3, R4 and R5 must be selected to match within 0.01% and 
they should be the same type of resistor (preferably metal film) 
so that their temperature coefficients match. Mismatch of R3 to 
R4 causes both offset and full scale error. Mismatch of R5 to 
R4 and R3 causes full scale error. 



INPUT DIGITAL ANALOG 
DATA GROUND COMMON 


NOTES 

1. CONTROL INPUTS OMITTED FOR CLARITY. 

2. R, = 100U, R 2 = 331l FOR ALL GRADES. 

3. SEE APPLICATION HINTS. 


Figure 6. Unipolar Binary Operation 
Binary Number in 

DAC Register Analog Output, V oux 


MSB LSB 



Table I. Unipolar Binary Code Table for Circuit of Figure 6 


Figure 7. Bipolar Operation { Offset Binary Coding) 
Binary Number in 

DAC Register Analog Output, Vqut 


MSB LSB 



Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 
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SINGLE SUPPLY OPERATION 

Figure 8 shows the AD7548 connected in a voltage switching 
mode. The input voltage is connected to Iqut* The D/A converter 
output voltage is taken from the Vref pin and has a constant 
impedance equal to R. Rfb is not used in this circuit. The input 
voltage V IN must always be positive with respect to AGND in 
order to prevent an internal diode from turning on. To maintain 
linearity the input voltage should remain within 2.5V of AGND 
with V DD from + 12V to + 15V. 

The output voltage V 0 ut of Figure 8 is expressed as 

fR l +R 2 \ 

Vout-(Vi N ) (D)^ — — — j 

Where D is a fractional representation of the digital input word 
(0<D<4095/4096). 


+ 15V 



Figure 8. Single Supply Operation Using Voltage Switching 
Mode 

APPLICATION HINTS 

Output Offset: CMOS D/A converters in circuits such as 
Figures 6 and 7 exhibit a code dependent output resistance 
which in turn cause a code dependent amplifier noise gain. The 
effect is a code dependent differential nonlinearity term at the 
amplifier output which, depends on Vos where Vos is the amplifier 
input offset voltage. To maintain monotonic operation it is 
recommended that Vos be no greater than (25 x 10' 6 )(V RE f) over 
the temperature range of operation. Suitable op amps are AD5 17L 
and AD544L. The AD517L is best suited for fixed reference 
applications with low bandwidth requirements: it has extremely 
low offset (50fxV) and in most applications will not require an 
offset trim. The AD544L has a much wider bandwidth and 
higher slew rate and is recommended for multiplying and other 
applications requiring fast settling. An offset trim on the AD544L 
may be necessary in some circuits. 

General Ground Management: AC or transient voltages between 
AGND and DGND can cause noise injection into the analog 
output. The simplest method of ensuring that voltages at AGND 
and DGND are equal is to tie AGND and DGND together at 


the AD7548. In more complex systems where the AGND and 
DGND intertie is on the backplane, it is recommended that two 
diodes be connected in inverse parallel between the AD7548 
AGND and DGND pins (1N914 or equivalent). 

Temperature Coefficients: The gain temperature coefficient of 
the AD7548 has a maximum value of 5ppm/°C and typical value 
of 2ppm/°C. This corresponds to worst case gain shifts of 2LSBs 
and 0.8LSBs respectively over a 100°C temperature range. When 
trim resistors R1 and R2 are used to adjust full scale range, the 
temperature coefficient of R1 and R2 should also be taken into 
account. The reader is referred to Analog Devices Application 
Note “Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs”, Publication Number E63G-I0-6/81. 

High Frequency Considerations: AD7548 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen- 
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7548 will 
depend upon the gain and phase stability of the output amplifier, 
together with the optimum choice of PC board layout and de- 
coupling components. A suggested printed circuit layout for 
Figure 6 is shown in Figure 9 which minimizes feedthrough 
from Vref to the output in multiplying applications. 



Figure 9. Suggested Layout for AD7548 and Op Amp 

For additional information on multiplying DACs refer to “Ap- 
plication Guide to CMOS Multiplying D/A Converters”, Publi- 
cation Number G479-15-8/78, available from Analog Devices. 
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MICROPROCESSOR INTERFACING 

AD7548 - MC6800 INTERFACE 

A typical 6800 configuration using the automatic transfer mode 
of the AD7548 is shown in Figure 10. Table III gives a sample 
loading routine written in re-entrant form. Data load and store 
instructions use extended addressing. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and XXYY 
+ 1 . The data is considered right-justified with the four most 
significant bits occupying the lower half of XXYY + 1. The 
AD7548 is assigned a base address of PPQQ. This address 
selects the low byte register of the AD7548. Addres s PPQQ 4- 
1 selects both the high byte register and the LDAC control 
input. 



FOR CLARITY 


Figure 10. 

AD7548- 

MC6800 Interface (Automatic Transfer 

Mode) 

JSR 

WWZZ 

Jump to AD7548 subroutine 

WWZZ 

PSHA 


Push A onto stack 


TPA 
PSHA 
LDA A 

$XXYY 

Push CCR onto stack 


STA A 

$PPQQ 

Load low byte to AD7548 


LDA A 

$XXYY 4- 1 



STA A’ 

$PPQQ+ 1 

Load high byte to AD7548 
and update analog output 


PULA 

TAP 


Pull CCR from stack 


PULA 


Pull A from stack 


RTS 


Return to main program 


AD7548 - 8085A INTERFACE 

Figure 11 shows a typical AD7548 to 8085 A microprocessor 
interface configured for automatic transfer of 8 4- 4-bit right-jus- 
tified data. Table IV gives a sample loading routine written in 
re-entrant form. The 12-bit data to be passed to the subroutine 
is stored in locations XXYY and XXYY + 1 . The four most 
significant data bits occupy the lower half of XXY Y 4- 1. A s 
before, addresse s PPQQ and PPQQ 4- 1 select the CSLSB and 
CSMSB/LDAC control inputs respectively. Since only two in- 
structions (LHLD, SHLD) are required to both fetch and load 
the 12-bit data word to the AD7548, it may be more efficient to 
insert these instructions as required in the main program rather 
than use a subroutine such as illustrated here. 



Figure 1 1. AD7548 - 8085A Interface (Automatic Transfer 


Mode ) 

CALL 

7548 


7548 

PUSH 

PSW 

Push register contents 
onto stack 


PUSH 

H 



LHLD 

XXYY 

Fetch 12-bit data 


SHLD 

PPQQ 

Load 12-bit data 


POP 

H 

Pop register contents 
from stack 


POP 

PSW 



RET 


Return to main program 


Table IV. Sample Routine for AD7548-8085A Interface 


Table III. Sample Routine forAD7548 - MC6800 In terface 
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AD7548 - MC6809 INTERFACE 

The AD7548 can be interfaced to the MC6809 microprocessor 
as shown in Figure 12 for automatic transfer of 8 + 4-bit data. 
Similar to the 8085 A instructions LHLD and SHLD, the 6809 
has two instructions to fetch and store 12-bit (16-bit) data to the 
AD7548, LDD and STD. However, in the 6809, the high byte 
of data is moved first, then the low byte (this is the opposite of 
the 8085A). This means that if the 12-bit data is assumed to 
reside at addresses XXYY and XXYY + 1 then XXYY must 
contain the high byte. It also means that the address decoding 
logic of Figure 1 1 must be slightly changed so that the even-order 


AD7548 address, PPQQ from before, selects the CSMSB input 
to load the high byte first. In this automatic transfer configuration 
LDAC is tied to the CSLSB input. The AD7548 analog output 
can thus be updated using only two instructions as follows: 

LDD $XXYY 

STD $PPQQ 

The strobed transfer configuration is shown in Figure 13 with a de- 
dicated decoder output assigned to each chip select input. The com- 
mon LDAC signal allows simultaneous update of both AD7548 
DAC registers. 



Figure 12. AD7548 - MC6809 Interface (Automatic Transfer 
Mode) 



Figure 13. AD7548- MC6809 Interface (Strobed Transfer 
Mode) 
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AD7548 - 6502 INTERFACE 

Figure 14 shows a typical AD7548 to 6502 microprocessor interface 
configured for automatic transfer of right-justified data. As a 
programming example, Figure 15 shows a flow chart for producing 
a 12-bit (4095 -step-max) voltage ramp under 6502 control. Index 
registers X and Y of the 6502 form a 12-bit counter with the X- 
register holding the, low byte of data and the Y-register the high 
byte. Table V shows the program listing. The X-register is 
compared with FF H and the Y-register with 10 H to determine 
when the ramp voltage has reached its maximum value (FFF H ). 
By changing the comparison data in the program the maximum 
ramp output voltage can be varied from levels corresponding to 
FFF h down to 000 H . In the program listing of Table V the 
AD7548 has been assigned contiguous addresses 0400 (low byte) 
and 0401 (high byte and DAC register). 



FOR CLARITY 


ENTER 



Figure 14. AD7548 - 6502 Interface (Automatic Transfer Figure 15. Flow Chart for Voltage Ramp Generation 

Mode) 


ADDRESS 

OP-CODE 

MNEMONIC 

OPERAND 

0000 

A0 

LDY 

# 00 

01 

00 



02 

A2 

LDX 

# 00 

03 

00 



04 

4C 

JMP 

0008 

05 

08 



06 

00 



07 

E8 

INX 


08 

8E 

STX 

0400 

09 

00 



0A 

04 



0B 

8C 

STY 

0401 

OC 

01 



0D 

04 



0E 

E0 

CPX 

# FF 

OF 

FF 



10 

DO 

BNE 

0007 

11 

F5 



12 

C8 

INY 


13 

CO 

CPY 

# 10 

14 

10 



15 

DO 

BNE 

0002 

16 

EB 



17 

FO 

BEQ 

0000 

0018 

E7 




Table V. Program Listing for Figure 15 
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AD7548 - Z80 INTERFACE 

Figure 16 shows a typical AD7548 to Z80 microprocessor interface 
configured for automatic transfer of right- justified data. Similar 
to the 8085A and 6809 cases, 16-bit load instructions are available 
in the Z80 which can fetch and load 12-bit data to the AD7548. 
Since the low byte of data is moved first and assuming the 12- 
bit data resides at addresses XXYY and XXYY + 1, address 
XXYY must contain the low byte. As before, addresses PPQQ 
and PPQQ + 1 select the AD7548 CSLSB and CSMSB/LDAC 
control inputs respectively. Choosing the Z80 register pair BC 
to hold the 12-bit data, the two instructions required to update 
the AD7548 analog output are as follows: 

LD BC, (XXYY) 

LD (PPQQ), BC 



Figure 16. AD7548- Z80 Interface (Automatic Transfer 
Mode) 
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ANALOG 

DEVICES 


LC 2 M0S 

Dual 12-Bit |xP-Compatible DAC 


AD7549 


FEATURES 

Two Doubled Buffered 12-Bit DACs 
4-Quadrant Multiplication 
Low Gain Error (3LSBs max) 

DAC Ladder Resistance Matching: 1% 

Space Saving Skinny DIP and Surface Mount Packages 
Latch-Up Proof 

APPLICATIONS 
Programmable Filters 
Automatic Test Equipment 
Microcomputer Based Process Control 
Audio Systems 

Programmable Power Supplies 
Synchro Applications 


GENERAL DESCRIPTION 

The AD7549 is a monolithic dual, 12-bit, current output D/A 
converter. It is packaged in both 0.3" wide 20-pin DIPs and in 
20-terminal surface mount packages. Both DACs provide four 
quadrant multiplication capabilities with a separate reference 
input and feedback resistor for each DAC. The monolithic 
construction ensures excellent thermal tracking and gain error 
tracking between the two DACs. 

The DACs in the AD7549 are each loaded in three 4-bit 
nibbles. The control logic is designed for easy processor interfacing. 
Input and DAC register l oadin g is accomplished using address 
lines AO, Al, A2 and CS, WR lines. A logic high level on the 
CLR input clears a ll regi sters. Both DACs may be simultaneously 
updated using the* UPD input. 

The AD7549 is manufactured using the Linear Compatible 
CMOS(LC 2 MOS) process. It is speed compatible with most 
microprocessors and accepts TTL, 74HC or 5V CMOS logic 
level inputs. 

ORDERING INFORMATION 1 


AD7549 FUNCTIONAL BLOCK DIAGRAM 


V D d 



PRODUCT HIGHLIGHTS 

1 . Small package size: the loading structure adopted for the 
AD7549 enables two 12-Bit DACs to be packaged in either a 
small 20-pin 0.3" DIP or in 20- terminal surface mount 
packages. 

2. DAC to DAC matching: since both DACs are fabricated on 
the same chip, precise matching and tracking is inherent. 
This opens up applications which otherwise would not be 
considered, i.e.. Programmable Filters, Audio Systems, etc. 


Relative 

Accuracy 

Tmin tO T max 

Full-Scale 

Error 

Tmin tO T max 

Temperature Range and Package Options 2 

Oto +70°C 

— 25°C to 4- 85°C 

— 55°C to + 125°C 

± 1LSB 
± 1/2LSB 

±6LSB 

±3LSB 

Plastic DIP (N-20) 

AD7549JN 

AD7549KN 

Hermetic (D-20) 

AD7549AD 

AD7549BD 

Hermetic (D-20) 

AD7549SD 

AD7549TD 

± 1LSB 
± 1/2LSB 

±6LSB 

±3LSB 

PLCC 3 (P-20A) 

AD7549JP 

AD7549KP 


LCCC 4 (E-20A) 

AD7549SE 

AD7549TE 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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QPFPIPIPATinNCl (V »° = +15V ±5%2 - V «efa = Vrefb = 10V; Iouta = Ioutb = AGND = 0V. 
d r L U 1 1 I OH 1 1 U II w All specifications T mjn to unless otherwise specified.) 



J,A 

K,B 





Parameter 

Versions 

Versions 

S Version 

T Version 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1 

±1/2 

LSB max 


Differential Nonlinearity 

±1 

±1 

±1 

±l 

LSB max 

All grades guaranteed monotonic over 
temperature. 

Full Scale Error 

Gain T emperature Coefficient 3 ; 

±6 

±3 

±6 

±3 

LSB max 

Measured using internal Rfb and includes 
effects of leakage current and gain TC. 

AGain/ AT emperature 

Output Leakage Current 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical value is lppm/°C 

Iouta (Pin 17) 







+ 25°C 

20 

20 

20 

20 

nA max 

DAC A Register loaded with all 0’s 

Tmin tO T max 

Ioutb (Pin 15) 

150 

150 

250 

250 

nA max 


+ 25°C 

20 

20 

20 

llil ■ 

nA max 

DAC B Register loaded with all 0’s 

Tmin tO Tmax 


150 

250 

250 

nA max 


REFERENCE INPUT 


■Hi 





Input Resistance (Pin 19, Pin 13) 

7 

D 

7 

7 

kft min 

Typical Input Resistance = 1 lkft 


18 


18 

18 

kft max 


Vrefa/Vrefb 







Input Resistance Match 

±3 

±2 

±3 

±2 

%max 

Typically ± 1% 

DIGITAL INPUTS 







Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


Vil (Input Low Voltage) 

Iin (Input Current) 

0.8 

0.8 

0.8 

0.8 

V max 


+ 25°C 

±1 

±1 

±1 

±1 

p.A max 

Vin = Vdd 

Tmin tO T max 

±10 

±10 

±10 

±10 

p,A max 


Cjn (Input Capacitance) 3 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







Idd 

5 

5 

5 

5 

221 



AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for Design Guidance only and are not subject to test 

(V DD = + 15V; V refa = Vrefb = + 10V, \ om = l 0UTB = AGND = 0V, Output Amplifiers are AD644 except where stated.) 


Parameter 

T A =+25°C 


Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

- 

p,s max 

To 0.01% of full scale range. I 0 ut load = 100ft, C EXT = 13pF. DAC output measured 

Digital-to- Analog Glitch 

Impulse 

10 


nV-sec typ 

from falling edge of WR. Typical value of Settling Time is 0.8|xs. 

Measured with Vrefa = Vrfb = 0V. Iouta j Ioutb load = lOOfl, C EX t = 13pF. 
DAC registers alternately loaded with all 0’s and all 1 ’s. 

AC Feedthrough 4 





Vrefa to Iouta 

-70 

-65 

dB max 

Vrefa? Vrefb = 20V p-p 10kHz sine wave. 

Vrefb to Ioutb 

-70 

-65 

dB max 

DAC registers loaded with all 0s. 

Power Supply Rejection 





AGain/AV DD 

±0.01 

±0.02 

% per % max 

AV D d= ±5% 

Output Capacitance 





Couta 

80 

80 

pF max 

DAC A, DAC B loaded with all 0’s. 

Coutb 

80 

80 

pF max 


Couta 

160 

160 

pF max 

DAC A, DAC B loaded with all l’s. 

Coutb 

160 

160 

pF max 


Channel-to-Channel Isolation 





Vrefa to Ioutb 

-62 

- 

dB typ 

Vrefa = 20V p-p 100kHz sine wave, V RE fb = 0V 

Vrefb to Iouta 

-62 

- 

dB typ 

Vrefb = 20V p-p 100kHz sine wave, Vrefa = 0V 

Digital Crosstalk 

10 

- 

nV-sec typ 

Measured for a Code T ransition of all 0’s to all 1 ’s 

Output Noise Voltage Density 



nV/VHz typ 


(lOHz-lOOkHz) 

15 

- 

Measured between R F ba and Iouta or Rfbb and Ioutb 

Harmonic Distortion 

-90 

- 

dBtyp 

Vi N = 6Vrms 1kHz 


NOTES 

'Temperature range as follows: J, K Versions; 0 to + 70°C 

A, B Versions; -25°Cto +85°C 
S,T Versions; -55°Cto + 125°C 

2 At Vdd = 5V, the device is fully functional with degraded performance. 

^Guaranteed by Product Assurance testing. 

4 Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
Specifications subject tochange without notice. 
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AD7549 


TIMING CHARACTERISTICS 1 {Von = +1SV,V REFA = V RfB = + lOV.W* = Ioutb = AGND = OV unless otherwise stated) 


Parameter 

Limit at 

T a = 25°C 

Limit at 

T a = 0 to + 70°C 

T a = — 25°C to + 85°C 

Limit at 

T a = — 55°C 
to + I25°C 

Units 

Test Conditions/Comments 

ti 

50 

80 

110 

ns min 

Address Valid to Write Setup Time 

t 2 

0 

0 

0 

ns min 

Address Valid to Write Hold Time 

t 3 

150 

190 

240 

ns min 

Data Setup Time 

U 

0 

0 

0 

ns min 

Data Hold Time 

ts 

20 

20 

20 

ns min 

Chip Select or Update to Write Setup Time 

t 6 

0 

0 

0 

ns min 

Chip Select or Update to Write Hold Time 

t 7 

170 

200 

250 

ns min 

Write Pulse Width 

t8 

170 

200 

250 

ns min 

Clear Pulse Width 


Specifications subject to change without notice. 



NOTES 

1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 
90% OF +5V. t r = tf = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V| ^ - V|L 


Figure 1. Timing Diagram for AD7549 


ABSOLUTE MAXIMUM RATINGS* 


(Ta = + 25°C unless otherwise noted) 

V DD (Pin 20) to DGND -0.3V, + 17V 

Vrefa, Vrefb (Pins 19, 13) to AGND ±25V 

Vrfbaj Vrfbb (Pins 18, 14) to AGND ±25V 

Digital Input Voltage (Pins 1-1 1) 

to DGND -0.3V, V DD + 0.3V 

Vpini5s VpiN! 7 , to DGND —0.3V, Vp>D +0.3V 

AGND to DGND -0.3V, V D d + 0.3V 

Power Dissipation (Any Package) 

To +75°C 450mW 

Derates above +75°C 6mW/°C 


Operating Temperature Range 

Commercial (J, K Versions) 0 to + 70°C 

Industrial (A, B Versions) - 25°C to + 85°C 

Extended (S, T Versions) -55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) -f 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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TERMINOLOGY 

RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1LSB max over 
the operating temperature range ensures montonicity. 

FULL-SCALE ERROR 

Full scale error or gain error is a measure of the output error 
between an ideal DAC and the actual device output. Full scale 
error is adjustable to zero. 

OUTPUT CAPACITANCE 

This is the capacitance from Iquta or Iqutb to AGND. 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected into the analog output when the 
inputs change state is called Digital-to- Analog Glitch Impulse. 
This is normally specified as the area of the glitch in either pA- 
secs or nV-secs depending upon whether the glitch is measured 
as a current or voltage signal. Digital charge injection is measured 
with Vrefa and V RE fb equal to AGND. 

OUTPUT LEAKAGE CURRENT 

Output Leakage Current is current which appears at Iouta or 
Ioutb with the DAC registers loaded to all zeros. 

MULTIPLYING FEEDTHROUGH ERROR 

This is the error due to capacitive feedthrough from Vrefa to 
Iouta or Vrefb to Ioutb with the DAC registers loaded to all 
zeros. 

CHANNEL-TO-CHANNEL ISOLATION 

Channel-to-Channel Isolation refers to the proportion of input 
signal from one DAC’s reference input which appears at the 
output of the other DAC, expressed as a ratio in dB. 

DIGITAL CROSSTALK 

The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defined as Digital Crosstalk and is specified in nV-secs. 


PIN CONFIGURATIONS 
DIP LCCC 


PLCC 
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PIN 

FUNCTION 

DESCRIPTION 

1 

DB3 

Data Bit 3, Data Bit 7 or Data Bit 1 1 (MSB) 

2 

DB2 

Data Bit 2, Data Bit 6 or Data Bit 10. 

3 

DB1 

Data Bit 1 , Data Bit 5 or Data Bit 9. 

4 

DBO 

Data Bit 0, Data Bit 4 or Data Bit 8 . 

5 

UPD 

Updates DAC Registers from 4-bit input registers. DAC A and DAC B both updated simultaneously. 

6 

A2 

Address line 2. 

7 

A1 

Address line 1 . 

8 

AO 

Address line 0. 

9 

CS 

Chip Select Input . Active low. 

10 

WR 

Write Input. Active low. 

11 

CLR 

Clear Input. Active High. Clears all registers. 

12 

DGND 

Digital Ground. 

13 

VrefB 

Voltage reference input to DAC B. 

14 

Rfbb 

Feedback resistor of DAC B. 

15 

IoUTB 

Current output terminal of DAC B. 

16 

AGND 

Analog ground. 

17 

loUTA 

Current output terminal of DAC A . 

18 

Rfba 

Feedback resistor of DAC A . 

19 

Vrefa 

Voltage reference input to DAC A . 

20 

Vdd 

+ 15V supply input. 


UF13 

C5 

WR 

A2 

A1 

A0 

X 

X 

l 

X 

X 

X 

1 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

IS 

0 

0 

0 

1 

0 

“LT 

0 

0 

1 

1 

0 

IS 

0 

1 

0 

1 

0 

“LT 

0 

1 

1 

1 

0 

IS 

1 

0 

0 

1 

0 

IS 

1 

0 

1 

1 

0 

“LT 

1 

1 

0 


~l r i 


l IT 


No data transfer. 

No data transfer. 

All registers cleared. 

DAC A LOW NIBBLE REGISTER 
loaded from Data Bus. 

DAC A MID NIBBLE REGISTER 
loaded from Data Bus. 

DAC A HIGH NIBBLE REGISTER 
loaded from Data Bus. 

DAC A Register loaded from 
Input Registers. 

DAC B LOW NIBBLE REGISTER loaded 
from Data Bus. 

DAC B MID NIBBLE REGISTER loaded 
from Data Bus. 

DAC B HIGH NIBBLE REGISTER loaded 
from Data Bus. 

DAC B Register loaded from 
Input Registers. 

DAC A, DAC B Registers updated 
simultaneously from Input Registers. 


NOTE: X = Don’t Care 


Table I. AD7549 Truth Table 
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UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 2 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 2 is given in Table II. 

Operational amplifiers A1 and A2 can be in a single package 
(i.e. AD644) or separate packages (AD544). Capacitors Cl and 
C2 provide phase compensation to help prevent overshoot and 
ringing when high speed op-amps are used. 

For zero offset adjustment, the appropriate DAC register is 
loaded with all O’ s and amplifier offset adjusted so that Vouta 
or Voutb is at a minimum (i.e. s£l20|xV). Full scale trimming 
is accomplished by loading the DAC register with all l’s and 
adjusting Rl (R3) so that Vouta (Voutb) = ~Vjn (4095/4096). 
In fixed reference applications, full scale can also be adjusted by 
omitting Rl, R2, R3, R4 and trimming the reference voltage 
magnitude. 


Vod Vina 



BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 3. Offset binary coding is used. 

With the appropriate DAC register loaded to 1000 0000 0000, 
adjust Rl (R3) so that Vouta (Voutb) = 0V. Alternatively, Rl, 
R2 (R3, R4) may be omitted and the ratios of R6, R7 (R9, 10) 
varied for Vouta (Voutb) = 0V. Full scale trimming can be 
accomplished by adjusting the amplitude of Vin or by varying 
the value of R5 (R8). 

Resistors R5, R6, R7 (R8, R9, R10) must be ratio matched to 
0.01%. When operating over a wide temperature range, it is 
important that the resistors be of the same type so that their 
temperature coefficients match. 

The code table for Figure 3 is given in Table III. 



Figure 2. AD7549 Unipolar Binary Operation Figure 3. Bipolar Operation (Offset Binary Coding ) 


Binary Number in 

DAC Register 

MSB LSB 

Analog Output, Vouta or Voutb 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

-M«) 

- Vin (4^6 ) 
ov 


Binary Number in 
DAC Register 

MSB LSB 


Analog Output, Vouta or V 0 un* 


Table II. Unipolar Binary Code Table for Circuit of 
Figure 2 


1111 1111 1111 
1 000 0000 000 1 
1000 0000 0000 
0111 1111 1111 
0000 0000 0000 


♦Ml© 

+ V, N ( I i -'' 


\2048/ 


0V 


Vin (2048) 

_v,N (i$0 


Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 3 
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APPLICATION HINTS 

Output Offset: CMOS D/A converters in circuits such as Figures 
2 and 3 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this offset, which 
adds to the D/A converter nonlinearity, depends on V 0 s where 
Vos is the amplifier input offset voltage. To maintain mono- 
tonic operation, it is recommended that Vos be no greater than 
(25 x KT 6 ) (Vref) over the temperature range of operation. Suitable 
op amps are AD644L, AD517L and AD544L. The AD517L is 
best suited for fixed reference applications with low bandwidth 
requirements: it has extremely low offset (50fxV) and in most 
applications will not require an offset trim. The AD544L has a 
much wider bandwidth and higher slew rate and is recommended 
for multiplying and other applications requiring fast settling. An 
offset trim on the AD544L may be necessary in some circuits. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7549 has a maximum value of 5ppm/°C and typical value 
of lppm/°C. This corresponds to worst case gain shifts of 2LSBs 
and 0.4LSBs respectively over a 100°C temperature range. When 
trim resistors R1(R3) and R2(R4) are used to adjust full scale 
range, the temperature coefficient of R1(R3) and R2(R4) should 
also be taken into account. 

High Frequency Considerations: AD7549 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen- 
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7549 depends 
upon the gain and phase stability of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. A suggested printed circuit layout for Figure 2 is 
shown in Figure 4 which minimizes feedthrough from Vrefaj 
Vrefb to the output in multiplying applications. 



Figure 4. Suggested Layout for AD7549 with AD644 (Dual 
Op Amp) 


AD7549 - 8085A INTERFACE 

A typical interface circuit for the AD7549 and the 8085 A micro- 
processor is given in Figure 5. Only the bottom 4 bits of the 
microprocessor d ata bu s are used. The address decoder provides 
both the CS and UPD signals for the DAC. Address lines AO, 
Al, A2 select one of six DAC Input Registers for accepting 
data. In applicatio ns wh ere simultaneous loading of the DACs is 
required then the UPD pin must be used to strobe both DAC 
registers. Otherwise, UPD may be tied high and address lines 
A0-A2, in conjunction with CS and WR signals, will select each 
DAC register separately (see Pin Function Description). 



♦LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 5. AD7549-8085A Interface 


AD7549 - Z80 INTERFACE 

Figure 6 shows the AD7549 connected to the Z80 microprocessor. 
The interface structure is similar to that for the 8085 A. 



♦LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 6. AD7549-Z80 Interface 
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AD7549 - 8048 INTERFACE 

The AD7549 can be interfaced to the 8048 single component 
microcomputer using the circuit of Figure 7. A minimum number 
of I/O lines are needed. The system is easily expanded by using 
extra port lines to provide Chip Selects for more AD7549’s. The 
advantage of this interface lies in its simplicity. In either single 
or multiple DAC applications both the software and chip select 
decoding are simplified over what would be required if the 
devices were memory mapped in a conventional manner. 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 7. AD7549-8048 Interface 


The combination of 8048 system and AD7549 is particularly 
suitable for dedicated control applications. By adding reference 
and output circuitry a complete control system can be configured 
with a minimum number of components. 

AD 7 549 - MC6809 INTERFACE 

Figure 8 is the interface circui t for the popular MC6809 8-bit 
microprocessor. CS and UPD signals are decoded fro m the 
address for the simultaneous update facility while the WR pulse 
is provided by inverting the microprocessor clock, E. 



Figure 8. AD7549-MC6809 Interface 
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ANALOG 

DEVICES 



CMOS Dual 8-Bit 
Buffered Multiplying DAC 

AD7628 


FEATURES 

On-Chip Latches for Both DACs 
+ 12V to + 15V Operation 
DACs Matched to 1% 

Four Quadrant Multiplication 

TTL/CMOS Compatible from + 12V to +15V 

Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Disk Drives 
Programmable Filters 
X-Y Graphics 
Gain/Attenuation 


AD7628 FUNCTIONAL BLOCK DIAGRAM 




GENERAL DESCRIPTION 

The AD7628 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DAC-to-DAC matching. It is available in 
skinny 0.3" wide 20-pin DIPs and in 20- terminal surface mount 
packages. 

Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
comm on 8-bit TTL/CMOS compatible input port. Control 
input DAC A/DAC B determines which DAC is to be loaded. 
The AD7628 , s load cycle is similar to the write cycle of a random 
access memory, and the device is bus compatible with most 8- 
bit microprocessors, including 6502, 6809, 8085, Z80. 

The device operates from a + 12V to + 15V power supply and 
is TTL-compatible,over this range. Power dissipation is a low 
20mW. 

Both DACs offer excellent four quadrant multiplication charac- 
teristics with a separate reference input and feedback resistor for 
each DAC. 


PRODUCT HIGHLIGHTS 

1. DAC to DAC matching: since both of the AD7628 DACs are 
fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent.The 
AD7628’s matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip 
DAC latches into a common data bus and adding a DAC A/ 
DAC B select line has allowed the AD7628 to be packaged in 
either a small 20-pin 0.3" wide DIP or in 20-terminal surface 
mount packages. 

3. TTL-Compatibility: All digital inputs are TTL-compatible 
over a + 12V to 4- 15V power supply range. 


PIN CONFIGURATIONS 

DIP LCCC PLCC 
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SPECIFICATIONS 


Voo= + 10.8V to + 15.75V, 

(Vref A = Vref B = +10V; OUT A 


OUT B 


OV unless otherwise specified) 


Parameter 

T a = + 25°C I 

T A = 0 to +70°C 
- 25°C to +85°C 1 

T a = - 55°C to 
+ 125 # C 1 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 2 

Resolution 

8 

8 

8 

Bits 


Relative Accuracy 

±1/2 

±1/2 

±1/2 

LSB max 

This is an Endpoint Linearity Specification 

Differential Nonlinearity 

±1 

±1 

±1 

LSBmax 

All Grades Guaranteed Monotonic Over 

Gain Error 

±2 

±3 

±3 

LSB max 

Full Operating Temperature Range 

Measured Using Internal RFB A and RFB B. 

Gain Temperature Coefficient 5 
AGain/ATemperature 


±0.0035 

±0.0035 

%/°C max 

Both DAC Latches Loaded with 11111111. 

Gain Error is Adjustable Using Circuits 
of Figures 1 and 2. 

Output Leakage Current 

OUT A (Pin 2) 

±50 

±200 

±200 

nA max 

DAC Latches Loaded with 00000000 

OUT B (Pin 20) 

±50 

±200 

±200 

nA max 


Input Resistance (V RE f A, V RE f B) 

8 

8 

8 

kfl min 

Input Resistance TC = - 300ppm/°C, Typical 


15 

15 

15 

kflmax 

Input Resistance is 1 lkft 

Vref A/V ref B Input Resistance 
Match 

±1 

±1 

±1 

%max 


DIGITAL INPUTS 4 

Input High Voltage 

VlH 

2.4 

2.4 

2.4 

V min 


Input Low Voltage 

Vil 

0.8 

0.8 

0.8 

V max 


Input Current 

I IN 

±1 

±10 

±10 

pA max 

Vim = 0 or Vdd 

Input Capacitance 

DBO-DB7 

10 

10 

10 

pF max 


WR,CS,DACA/DACB 

15 

15 

15 

pF max 


SWITCHING CHARACTERISTICS 5 
See Timing Diagram 

Chip Select to Write Set Up Time 
tcs 

160 

160 

210 

ns min 


Chip Select to Write Hold Time 

tCH 

10 

10 

10 

ns min 


DAC Select to Write Set Up Time 
tAS 

160 

160 

210 

ns min 


DAC Select to Write Hold Time 
tAH 

10 

10 

10 

ns min 


Data Valid to Write Set Up Time 

Ids 

160 

160 

210 

ns min 


Data Valid to Write Hold Time 
tDH 

10 

10 

10 

ns min 


Write Pulse Width 

twn 

150 

170 

210 

ns min 


POWER SUPPLY 

I ddj K Grade 

2 

2 


mA 

All Digital Inputs Vjl or Vih 

B,T Grades 

2 

2.5 

2.5 

mA 

All Digital Inputs Vu, or Vi H 

All Grades 

100 

500 

500 

,xA 

All Digital Inputs 0V or Vdd 


AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for Design Guidance only and are not subject to test. 

V D D = + 10.8V to + 15.75V. (Measured Using Recommended P.C. Board Layout and AD644 as Output Amplifiers) 




T a = 0 to +70°C 

T a = - 55°C to 



Parameter 

T a = +25°C 1 

— 25°Cto +85°C 1 

+ 125 0 C' 

Units 

Test Conditions/Comments 

DC SUPPLY REJECTION 






(AGAIN/AVdd) 

0.01 

0.02 

0.02 

% per % max 

AV dd = ±5% 

CURRENT SETTLING TIME 

350 

400 

400 

ns max 

To 1/2LSB. Out A/Out B load = 100ft. 
WR=CS=0V. 

DB0-DB7 = 0 V to V DD or V DD to 0 V 

DIGITAL-TO-ANALOG GLITCH 
IMPULSE 

330 

_ 

„ 

nV sec typ 

For Code Transition 00000000 to 1 1 1 1 1 1 1 1 

OUTPUT CAPACITANCE 






CoutA 

25 

25 

25 

pF max 

DAC Latches Loaded with 00000000 

CotrrB 

25 

25 

25 

pF max 


CotrrA 

60 

60 

60 

pF max 

DAC Latches Loaded with 1 1 1 1 1 1 1 1 

CoutB 

60 

60 

60 

pF max 


AC FEEDTHROUGH 






V RE f A to OUT A 

-70 

-65 

-65 

dB max 

Vref A> Vref B = 20V p-p Sine Wave 

V REF B to OUT B 

-70 

-65 

-65 

dB max 

@ 10kHz 

CHANNEL-TO-CHANNEL ISOLATION 




Both DAC Latches Loaded with 11111111. 

Vref A to OUT B 

-80 


- 

dB typ 

Vref A = 20V p-p Sine Wave (a 10kHz 

VrefB = 0V 

Vref B to OUT A 

-80 



dBtyp 

Vref B = 20V p-p Sine Wave (w 10kHz 
!V RE fA = 0V 

DIGITAL CROSSTALK 

60 

- 

- 

nV sec typ 

Measured for Code Transition 00000000 
tollllllll 

HARMONIC DISTORTION 

-85 

- 

- 

dBtyp 

V m =6Vrms@lkHz 


NOTES 

'Temperature Ranges are K Version: 0 to + 70°C 

B Version: -25°Cto+85°C 
T Version: - 55°C to + 125°C 
Specification applies to both DACs in AD7628. 

Guaranteed by design but not production tested. 

4 Logic inputs are MO$ Gates. T ypical input current ( + 25°C) is less than InA. 
Specifications subject to change without notice. 
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AD7628 


INTERFACE LOGIC INFORMATION 
DAC Selection: 

Both DAC latches share a common 8-bit input port. The control 
input DAC A/D AC B selects which DAC can accept data from 
the input port. 

Mode Selection: 

Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

Write Mode: 

When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBG- 
DB7. 

Hold Mode: 

The selected DAC latch retains the data which was present on 
DB0-DB7 just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 


DAC A/ 
DACB 

CS 

WR 

DAC A 

DACB 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 


L = Low State H = High State X = Don’t Care 


Mode Selection Table 

WRITE CYCLE TIMING DIAGRAM 

tcH 


CHIP SELECT \| 

1 

^ tcs ► 

V 

□ 

j v DD 

L* t 

i 


DAC A/DAC B \ 

r 

\ 

□ 

/ 




WRITE 

V / 

r 


_ 1 

p* *DS 

toHl 

< 


DATA IN (DB0-DB7) ^ 

fV,H 

DATA IN STABLE 

, 



NOTES: 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% OF + 5V. 

V DD = + 10.8V TO + 1 5.75V, t„ = t F = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 


ABSOLUTE MAXIMUM RATINGS 

(T a = + 25°C unless otherwise noted) 

V DD to AGND 0V, + 17V 

V DE> to DGND 0V, 4- 17V 

AGND to DGND V DD 4- 0.3V 

DGND to AGND V DD + 0.3V 

Digital Input Voltage to DGND .... -0.3V, V DD 4- 0.3V 

VpiN2? VpiN20 to AGND —0.3V, Ve>e> 4- 0.3V 

Vref A, Vref B to AGND ±25V 

Vrfb A, Vrfb B to AGND ±25V 

Power Dissipation (Any Package) to +75°C 450mW 

Derates above 4-75 °C by 6mW/°C 

Operating Temperature Range 

Commercial (K) Grades 0 to 4- 70°C 

Industrial (B) Grades - 25°C to 4- 85°C 

Extended (T) Grades - 55°C to 4- 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, 10 secs.) 4-300°C 


CAUTION: 

1. ESD sensitive device. The digital control inputs are diode 
protected; however, permanent damage may occur on 
unconnected devices subjected to high energy electrostatic 
fields. Unused devices must be stored in conductive foam 
or shunts. 

2. Do not insert this device into powered sockets. Remove 
power before insertion or removal. 


ORDERING INFORMATION 1 


Relative 

Gain 

Temperature Range and 

Package Options 2, 3 

Accuracy 

Error 

T a = 4-25°C 

Oto 4-70°C 

— 25°C to 
+ 85°C 

— 55°C to 

4- 125°C 

± 1/2LSB 

±2LSB 

Plastic DIP 
(N-20) 

AD7628KN 

Hermetic 

(Q-20) 

AD7628BQ 

Hermetic 

(Q-20) 

AD7628TQ 

± I/2LSB 

±2LSB 

PLCC 4 

(P-20A) 

AD7628KP 


LCCC 5 

(E-20A) 

AD7628TE 


NOTES 

*To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 A1so available in SOIC package (AD7628KR). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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Applying The AD7628 




NOTES: 

'R1, R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 

2 C1. C2 PHASE COMPENSATION (10pF-15pF) IS REQUIRED WHEN 
USING HIGH SPEED AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 


Figure 1. Dual DAC Unipolar Binary Operation (2 Quadrant 
Multiplication). See Table I. 



Figure 2. Dual DAC Bipolar Operation (4 Quadrant 
Multiplication). See Table II. 


DAC Latch Contents 
MSB LSB 

Analog Output 
(DACAorDACB) 

11111111 

-MU) 

10000001 

-®) 

10000000 


01111111 

-v»®) 

00000001 

— VlN (255) 

00000000 

- v «(bs)-° 


Note: 1LSB - (2^) - ~ (Vin) 

Table I. Unipolar Binary Code Table 


DAC Latch Contents 
MSB LSB 

Analog Output 
(DACAorDACB) 

11111111 

*V«® 

10000001 

+v ™(l5§) 

10000000 

0 

01111111 

-v,n (tIs) 

00000001 

-*«w 

00000000 

OO loo 

> 

l 


Note: 1LSB = (fWjJ = ~(V W ) 


Table II. Bipolar ( Offset Binary) Code Table 


Trim 


Resistor 

K/B/T 

R1;R3 

500 

R2;R4 

150 


Table III. Recommended Trim Resistor Values 
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□ ANALOG LC 2 M0S 

DEVICES Complete 14-Bit DAC 

AD7840 


FEATURES 

Complete 14-Elit Voltage Output DAC 
Parallel and Serial Interface Capability 
80dB Signal-to-Noise Ratio 
Interfaces to High Speed DSP Processors 
e g., ADSP-2100, TMS32010, TMS32020 
45ns min WR Pulse Width 
Low Power - 70mW typ. 

Operates from ±5V Supplies 


GENERAL DESCRIPTION 

The AD7840 is a fast, complete 14-bit voltage output D/A 
converter. It consists of a 14-bit DAC, 3V buried Zener refer- 
ence, DAC output amplifier and high speed control logic. 

The part features double-buffered interface logic with a 14-bit 
input latch and 14-bit DAC latch. Data is loaded to the input 
latch in either of two modes, parallel or serial. This data is then 
transfer red to the DAC latch under control of an asynchronous* 
LDAC signal. A fast data setup time of 21ns allows direct paral- 
lel interfacing to digital signal processors and high speed 16-bit 
microprocessors. In the serial mode, the maximum serial data 
clock rate can be as high as 6MHz. 

The analog output from the AD7840 provides a bipolar output 
range of ±3V. The AD7840 is fully specified for dynamic per- 
formance parameters such as signal-to-noise ratio and harmonic 
distortion as well as for traditional dc specifications. Full power 
output signals up to 20kHz can be created. 

The AD7840 is fabricated in linear compatible CMOS 
(LC 2 MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 

The part is available in a 24-pin plastic and hermetic dual-in-line 
package (DIP) and is also packaged in a 28-terminal plastic 
leaded chip carrier (PLCC). 


AD7840 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. Complete 14-Bit D/A Function 

The AD7840 provides the complete function for creating ac 
signals and dc voltages to 14-bit accuracy. The part features 
an on-chip reference, an output buffer amplifier and 14-bit 
D/A converter. 

2. Dynamic Specifications for DSP Users 

In addition to traditional dc specifications, the AD7840 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 

3. Fast, Versatile Microprocessor Interface 

The AD7840 is capable of 14-bit parallel and serial interfac- 
ing. In the parallel mode, data setup times of 21ns and write 
pulse widths of 45ns make the AD7840 compatible with 
modern 16-bit microprocessors and digital signal processors. 
In the serial mode, the part features a high data transfer rate 
of 6MHz. 
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CDEPiriPATinNQ (V dd = +5V ±5%, V SS = -5V ±5% AGND = DGND = OV, REF IN = +3V, R L = 2 kft, Q l = lOQpF. 
Ol Lull IUAI lUWo All specifications T min to T max unless otherwise noted.) 


Parameter 

I, A 1 

K, B l 

HBI 

m 

iQmi 

Units 

Test Conditions/Comments 

DYNAMIC PERFORMANCE 2 








Signal to Noise Ratio 3 (SNR) 

76 

78 

80 

76 

78 

dB min 

Vout — 1kHz Sine Wave, fsAMPLE = 100kHz 
Typically 82dB at +25°C for 0 <V oux <20kHz 4 

Total Harmonic Distortion (THD) 

-78 

-80 

-84 

-78 

-80 

dB max 

Vout = 1kHz Sine Wave, ^sample = 100kHz 
Typically -84dB at +25°C for 0 <V O uT < 20kHz 4 

Peak Harmonic or Spurious Noise 

-78 

-80 

-84 

-78 

-80 

dB max 

V OUT = 1kHz Sine Wave, f SAM PLE = 100kHz 
Typically -84dB at +25°C for 0 <V OUT <20kHz 4 

DC ACCURACY 








Resolution 

14 

14 

14 

14 

14 

Bits 


Integral Nonlinearity 

±2 

±1 

±1/2 

±2 

±1 

LSB max 


Differential Nonlinearity 

±0.9 

±0.9 

±0.9 

±0.9 

±0.9 

LSB max 

Guaranteed Monotonic 

Bipolar Zero Error 

±10 

±10 

±5 

±10 

±10 

LSB max 


Positive Full Scale Error 5 

±10 

±10 

±10 

±10 

±10 

LSB max 


Negative Full Scale Error 5 

±10 

±10 

±10 

±10 

±10 

LSB max 


REFERENCE OUTPUT 6 








REF OUT @ +25°C 

2.99 

2.99 

2.99 

2.99 

2.99 

V min 



3.01 

3.01 

3.01 

3.01 

3.01 

V max 


REF OUT TC 

Reference Load Change 

±60 

±60 

±35 

±60 

±35 

ppm/°C max 


(AREF OUT vs. AI) 

-1 

-1 

-1 

-1 

-1 

mV max 

Reference Load Current Change (0-500|jlA) 

REFERENCE INPUT 








Reference Input Range 

2.85 

2.85 

2.85 

2.85 

2.85 

V min 

3V ±5% 


3.15 

3.15 

3.15 

3.15 

3.15 

V max 


Input Current 

50 

50 

50 

50 

50 

|xA max 


LOGIC INPUTS 


■■ 






Input High Voltage, V INH 

2.4 

e 9 

2.4 

2.4 

2.4 

V min 

V dd = 5V ±5% 

Input Low Voltage, V INL 

0.8 

0.8 

0.8 

0.8 

0.8 

V max 

V dd = 5V ±5% 

Input Current, I IN 

±10 

±10 

±10 

±10 

±10 

(jlA max 

ViN = V DD 

Input Current (CS Input Only) 

±10 

±10 

±10 

±10 

±10 

|xA max 

Vin = V SS to V DD 

Input Capacitance, C IN 7 

10 

10 

10 

10 

10 

pF max 


ANALOG OUTPUT 








Output Voltage Range 

±3 

±3 

±3 

±3 

±3 

VNom 


dc Output Impedance 

0.1 

0.1 

0.1 

0.1 

0.1 

G typ 


Short-Circuit Current 

20 

20 

20 

20 

20 

mA typ 


AC CHARACTERISTICS 7 








Voltage Output Settling Time 







Settling Time to within ± 1/2LSB of Final Value 

Positive Full-Scale Change 

4 

4 

4 

4 

4 

|xs max 

Typically 2|xs 

Negative Full-Scale Change 

4 

4 

4 

4 

4 

jxs max 

Typically 2.5[xs 

Digital-to- Analog Glitch Impulse 

10 

10 

10 


10 

nV secs typ 


Digital Feedthrough 

2 

2 

2 

2 

2 

nV secs typ 


POWER REQUIREMENTS 








Vdd 

+5 

+5 

+5 

+5 

+5 

V nom 

±5% for Specified Performance 

V ss 

-5 

-5 

-5 

-5 

-5 

V nom 

±5% for Specified Performance 

Idd 

14 

14 

14 

15 

15 

mA max 

Output Unloaded, SCLK= +5V. Typically 10mA 

Iss 

6 

6 

6 

7 

7 

mA max 

Output Unloaded, SCLK= +5V. Typically 4mA 

Power Dissipation 

100 

100 

100 

110 

110 

mW max 

Typically 70m W 


NOTES 

temperature Ranges are as follows: J, K, L Versions, 0 to +70°C; A, B, C Versions, -25°C to +85°C; S, T Versions, -55°C to + 125°C. 
2 Vou, (pk-pk)=±3V. 

3 SNR calculation includes distortion and noise components. 

4 Using external sample-and-hold (see Testing the AD7840). 

5 Measured with respect to REF IN and includes bipolar offset error. 

6 For capacitive loads greater than 50pF, a series resistor is required (see Internal Reference section). 

7 Sample tested @25°C to ensure compliance. 

Specifications subject to change without notice. 
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AD7840 


TIMING CHARACTERISTICS 1,2 ^ +5v ±5%, v ss =-sv ±5%, agnd=dgnd=ov> 


Parameter 

Limit at T min , T„, al 

(J, K, L, A, B, C Versions) 

Limit at T mi „, T ma]t 
(S, T Versions) 

Units 

Conditions/Comments 

ti 

0 

0 

ns min 

CS to WR Setup Time 

t 2 

0 

0 

ns min 

CS to WR Hold Time 

t 3 

45 

50 

ns min 

WR Pulse Width 

*4 

21 

28 

ns min 

Data Valid to WR Setup Time 

t 5 

10 

15 

ns min 

Data Valid to WR Hold Time 

u 

40 

40 

ns min 

LDAC Pulse Width 

h 

50 

50 

ns min 

SYNC to SCLK Falling Edge 

t 8 3 

150 

200 

ns min 

SCLK Cycle Time 

*9 

30 

40 

ns min 

Data Valid to SCLK Setup Time 

Lo 

75 

100 

ns min 

Data Valid to SCLK Hold Time 

Li 

75 

100 

ns min 

SYNC to SCLK Hold Time 


NOTE 

‘Timing specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are 
specified with tr= tf= 5ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. 

2 See Figures 6 and 8. 

3 SCLK mark/space ratio is 40/60 to 60/40. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 

V DD to AGND -0.3V to +7V 

V ss to AGND +0.3V to -7V 

AGND to DGND -0.3V to V DD +0.3V 

Vout to AGND V ss to V DE) 

REF OUT to AGND 0V to V DD 

REF IN to AGND -0.3V to V DD +0.3V 

Digital Inputs to DGND -0.3V to V DD +0.3V 

Operating Temperature Range 

Commercial (J, K, L Versions) 0 to +70°C 

Industrial (A, B, C Versions) -25°C to +85°C 

Extended (S, T Versions) -55°C to + 125°C 


Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) +300°C 

Power Dissipation (Any Package) to +75°C 450m W 

Derates above + 75°C by 10mW/°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 


ORDERING INFORMATION 1 


SNR (dBs) 

Relative 

Accuracy (LSB) 

Temperature Range and Package Options 2 

0 to +70°C 

-25°C to 
+85°C 

-55°C to 
+125°C 

78 min 

80 min 

82 min 

±2 max 
±1 max 
±1/2 max 

Plastic DIP 

(N-24) 

AD7840JN 

AD7840KN 

AD7840LN 

Hermetic DIP 3 
(Q-24) 

AD 7840 AQ 
AD7840BQ 
AD7840CQ 

Hermetic DIP 3 
(Q-24) 
AD7840SQ 4 
AD7840TQ 4 

78 min 

80 min 

82 min 

±2 max 
±1 max 
± 1/2 max 

PLCC 5 ’ 6 
(P-28A) 

AD7840JP 

AD7840KP 

AD7840LP 




NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to part number. Contact your local 
sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship ceramic (D-24A) in lieu of cerdip (Q-24) packages. 
4 Available to /883B processing only. 

S PLCC: Plastic Leaded Chip Carrier. 

6 Contact your local sales office for LCCC availability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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PIN FUNCTION DESCRIPTION 
DIP 

Pin Pin 

No. Mnemonic Function 


1 CS/SERIAL 


2 WR/SYNC 

3 D13/SDATA 

4 D12/SCLK 

5 D1 1/FORMAT 

6 D 10/JUSTIFY 

7-11 D9-D5 

12 DGND 

13-16 D4-D1 

17 DO 

18 V DD 

19 AGND 

20 V OUT 

21 V ss 

22 REF OUT 

23 REF IN 

24 LDAC 


Chip Select/Serial Input. Whe n driven with normal logic levels, it is an active low logic input which is 
used in conjunction with WR to load parallel data to the i nput la tch. For applications where CS is perma- 
nently low, an R, C is required for correct power-up (see LDAC input). If this input is tied to V ss , it 
defines the AD7840 for serial mode operation. 

Write/Frame Synchronization Input. In the parallel data mode, it is used in conjunction with CS to load 
parallel data. In the serial mode of operation, this pin functions as a Frame Synchronization pulse with 
serial data expected after the falling edge of this signal. 

Data Bit 13(MSB)/Serial Data. When parallel data is selected, this pin is the D13 input. In serial mode, 
SDATA is the serial data input which is used in conjunction with SYNC and SCLK to transfer serial data 
to the AD7840 input latch. 

Data Bit 12/Serial Clock. When parallel data is selected, this pin is the D12 input. In t he seria l mode, it 
is the serial clock input. Serial data bits are latched on the falling edge of SCLK when SYNC is low. 

Data Bit 11/Data Format. When parallel data is selected, this pin is the Dll input. In serial mode, a logic 
1 on this input indicates that the MSB is the first valid bit in the serial data stream. A logic 0 indicates 
that the LSB is the first valid bit (see Table I). 

Data Bit 10/Data Justification. When parallel data is selected, this pin is the DIO input. In serial mode, 
this input controls the serial data justification (see Table I). 

Data Bit 9 to Data Bit 5. Parallel data inputs. 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 4 to Data Bit 1. Parallel data inputs. 

Data Bit 0 (LSB). Parallel data input. 

Positive Supply, +5V± 5%. 

Analog Ground. Ground reference for DAC, reference and output buffer amplifier. 

Analog Output Voltage. This is the buffer amplifier output voltage. Bipolar output range (±3V with REF 
IN = +3V). 

Negative Supply Voltage, -5V ±5%. 

Voltage Reference Output. The internal 3V analog reference is provided at this pin. To operate the 
AD7840 with internal reference, REF OUT should be connected to REF IN. The external load capability 
of the reference is 500p,A. 

Voltage Reference Input. The reference voltage for the DAC is applied to this pin. It is internally buff- 
ered before being applied to the DAC. The nominal reference voltage for correct operation of the AD7840 
is 3V. 

Load DAC. Logic input. A new word is loaded into the DAC latch from the input latch on the falling 
edge of this signal (see Interface Log ic Infor mation section). The AD7840 should be powered-up with 
LDAC high. For applications where LDAC is permanently low, an R, C is required for correct power-up 
(see Figure 19). 
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* = DON'T CARE 


Table I. Serial Data Modes 
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D/A SECTION 

The AD7840 contains a 14-bit voltage mode D/A converter con- 
sisting of highly stable thin film resistors and high speed NMOS 
single-pole, double-throw switches. The simplified circuit dia- 
gram for the DAC section is shown in Figure 1 . The three 
MSBs of the data word are decoded to drive the seven switches 
A— -G. The llLSBs switch an 11-bit R-2R ladder structure. The 
output voltage from this converter has the same polarity as the 
reference voltage, REF IN. 

The REF IN voltage is internally buffered by a unity gain am- 
plifier before being applied to the D/A converter and the bipolar 
bias circuitry. The D/A converter is configured and scaled for a 
3V reference and the device is tested with 3V applied to REF 
IN. Operating the AD7840 at reference voltages outside the 
± 5% tolerance range may result in degraded performance from 
the part. 



•BUFFERED REF IN VOLTAGE 


Figure 1. DAC Ladder Structure 

INTERNAL REFERENCE 

The AD7840 has an on-chip temperature compensated buried 
Zener reference (see Figure 2) which is factory trimmed to 3V 
±10mV. The reference voltage is provided at the REF OUT 
pin. This reference can be used to provide both the reference 
voltage for the D/A converter and the bipolar bias circuitry. 

This is achieved by connecting the REF OUT pin to the REF 
IN pin of the device. 

The reference voltage can also be used as a reference for other 
components and is capable of providing up to 500jjiA to an ex- 
ternal load. The maximum recommended capacitance on REF 
OUT for normal operation is 50pF. If the reference is required 
for external use, it should be decoupled to AGND with a 2000 
resistor in series with a parallel combination of a IOjxF tantalum 
capacitor and a 0.1 (jlF ceramic capacitor. 


r . ^ 

AD7840 

+ 

t . TEMPERATURE 


' ' COMPENSATION 

H 


Xv ss I 


REF OUT 

Figure 2. Internal Reference 


EXTERNAL REFERENCE 

In some applications, the user may require a system reference 
or some other external reference to drive the AD7840 reference 
input. Figure 3 shows how the AD586 5V reference can be 
conditioned to provide the 3V reference required by the 
AD7840 REF IN. An alternate source of reference voltage for 
the AD7840 in systems which use both a DAC and an ADC 
is to use the REF OUT voltage of ADCs such as the AD7870 
and AD7871. A circuit showing this arrangement is shown ip 
Figure 20. 


+ 15V 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 3. AD586 Driving AD7840 REF IN 
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OP AMP SECTION 

The output from the voltage mode DAC is buffered by a non- 
inverting amplifier. Internal scaling resistors on the AD7840 
configure an output voltage range of ±3V for an input reference 
voltage of +3V. The arrangement of these resistors around the 
output op amp is as shown in Figure 1 . The buffer amplifier is 
capable of developing ±3V across a 2kfl and lOOpF load to 
ground and can produce 6V peak-to-peak sine wave signals to a 
freque ncy of 2 0kHz. The output is updated on the falling edge 
of the LDAC input. The amplifier settles to within 1/2LSB of 
its final value in typically less than 2.5|xs. 

The small signal (200mV p-p) bandwidth of the output buffer 
amplifier is typically 1MHz. The output noise from the ampli- 
fier is low with a figure of 30nV/\/Hz at a frequency of 1kHz. 
The broadband noise from the amplifier exhibits a typical peak- 
to-peak figure of 150jxV for a 1MHz output bandwidth. Figure 
4 shows a typical plot of noise spectral density versus frequency 
for the output buffer amplifier and for the on-chip reference. 



50 100 200 Ik 2k 10k 20k 100k 

FREQUENCY - Hz 

Figure 4. Noise Spectral Density vs. Frequency 

TRANSFER FUNCTION 

The basic circuit configuration for the AD7840 is shown in Fig- 
ure 5. Table II shows the ideal input code to output voltage re- 
lationship for this configuration. Input coding to the DAC is 2s 
complement with lLSB = FS/16,384 = 6V/16,384 = 366fjiV. 



Figure 5. AD7840 Basic Connection Diagram 


DAC Latch Contents 

MSB LSB 

Analog Output, V 0 ut* 

01111111111111 

+2. 999634V 

01111111111110 

+ 2.999268V 

00000000000001 

+ 0.000366V 

00000000000000 

OV 

11111111111111 

-0.000366V 

10000000000001 

-2.999634V 

10000000000000 

-3V 


* Assuming REF IN = +3V. 


Table II. Ideal Input/Output Code Table 


The output voltage can be expressed in terms of the input code, 
N, using the following expression: 


Vqut = 


2x Nx REFIN 
16384 


-8192 <N< + 8191 


INTERFACE LOGIC INFORMATION 

The AD7840 contains two 14-bit latches, an input latch and a 
DAC latch. Data can be loaded to the input latch in one of two 
basic interface formats. The first is a parallel 14-bit wide data 
word; the second is a serial interface where 16 bits of data are 
seri ally c locked into the input latch. In the parallel mode, CS 
and WR control the loading of data. When the s erial da ta for- 
mat is selected, data is loaded using the SCLK, SYNC and 
SDATA serial inputs. Data is transfer red from the input latch 
to the DAC latch under control of the LDAC signal. Only the 
data in the DAC latch determines the analog output of the 
AD7840. 

Parallel Data Format 

Table III shows the truth table for AD7840 parallel mode opera- 
tion. The AD7840 normally operates with a parallel input data 
format. In this case, all 14 bits of data (appearing on data inputs 
D13 (MSB) through DO (LSB)) are loaded to the AD7840 input 
latch at the same time. CS and WR control the loading of this 
data. These control signals are level-triggered; therefore, the 
input latch can be made transparent by holding both signals at a 
logic low level. Inpu t dat a is latched into the input latch on the 
rising edge of CS or WR. 

The DAC latch is also level triggered. T he DAC output is nor- 
mally updated on the falling edge of the LDAC signal. How- 
ever, both lat ches ca nnot become transparent at the same time. 
Therefore, if LDAC is hardwired low 9 the part operates as fol- 
lows; with LDAC low and CS a nd WR high, the DA C latch is 
transparent. When CS and WR go low (with LDAC still low), 
the input latch beco mes transparent but the DAC latch is dis- 
abled. When CS or WR return high, the input latch is locked 
out and the DAC latch becomes transparent again and the DAC 
output is updated. The write cycle timing diagram for parallel 
data is shown in Figure 6. Figure 7 shows the simplified parallel 
input control logic for the AD7840. 
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CS 

WR 

LDAC 

Function 

H 

X 

H 

1 Both Latches Latched 

X 

H 

H 

/ 

L 

L 

H 

Input Latch Transparent 

H 

H 

L 

■» Input Latch Latched 

H 

X 

L 

| DAC Latch Transparent 

X 

H 

L 

' Analog Output Updated 



L 

Input Latch Transparent 




DAC Latch Data Transfer Inhibited 

L 

I 

L 

1 Input Latch Is Latched 


L 

L 

J DAC Latch Data Transfer Occurs 


X = Don’t Care 


Table III. Parallel Mode Truth Table 
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Figure 6. Parallel Mode Timing Diagram 
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Figure 7. AD7840 Simplified Parallel Input Control Logic 


Serial Data Format 

The serial data format is selected for the AD7840 by connecting 
the CS/SERIAL line to -5V. In this case, the WR/SYNC, 
D13/SDATA, D12/SCLK, D 11/FORMAT and DIO/JUSTIFY 
pins all assume their serial functions. The unused parallel inputs 
should not be left unconnected to avoid noise pickup. Se rial 
data is loaded to the input latch under control of SCLK, SYNC 
and SDATA. The AD7840 expects a 16-bit stream of serial data 
on its SDATA input. Serial data must be valid on the falling 
edge of SCLK. The SYNC input provides the frame synchroni- 
zation signal which tells the AD7840 that valid serial data will 
be available for the next 16 falling edges of SCLK. Figure 8 
shows the timing diagram for serial data format. 

Although 16 bits of data are clocked into the AD7840, only 14 
bits go into the input latch. Therefore, two bits in the stream 
are don’t cares since their value does not affect the input latch 
data. The order and position in which the AD7840 accepts 
the 14 bits of input data depends upon the FORMAT and 
JUSTIFY inputs. There are four different input data modes 
which can be chosen (see Table I in the Pin Function Descrip- 
tion section). 

The first mode (Ml) assumes that the first two bits of the input 
data stream are don’t cares, the third bit is the LSB and the 
last (or 16th bit) is the MSB. This mode is chosen by tying 
both the FORMAT and JUSTIFY pins to a logic 0. The 
second mode (M2; FORMAT = 0, JUSTIFY = 1) assumes that 
the first bit in the data stream is the LSB, the fourteenth bit is 
the MSB and the last two bits are don’t cares. The third mode 
(M3; FORMAT = 1, JUSTIFY = 0) assumes that the first two 
bits in the stream are again don’t cares, the third bit is now the 
MSB and the sixteenth bit is the LSB. The final mode (M4; 
FORMAT = 1, JUSTIFY = 1) assumes that the first bit is the 
MSB, the fourteenth bit is the LSB and the last two bits of the 
stream are don’t cares. 

As in the parallel mode, the LDAC signal controls the loading 
of data to the DAC latch. Normall y, data is load ed to th e DAC 
latch on the falling edge of LDAC. However, if LDAC is held 
low, then serial data is lo aded to the DAC latch on the sixteenth 
falling edge of SCLK. If LDAC goes low during the transfer of 
serial data to the inpu t latch, no DAC la tch update takes place 
on the falling edge of LDAC. If LDAC stays low until the serial 
transfer is completed, then the update t akes place on the six- 
teenth falling edge of SCLK. If LDAC returns high before the 
serial data transfer is completed, no DAC latch update takes 
place. Figure 9 shows the simplified serial input control logic for 
the AD7840. 
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Figure 8. Serial Mode Timing Diagram 


n nnn„nnn r . 


T a = +25°C 
f s = 100kHz 

SNR = 81.8dB 

1 “7 J (S -30 ■ 

—H x * \~— — U— 1„ g 

1 J , 3 -60 ■ 



SYNC \ | / | 

1 | (t ( 5 qn 



J > / < — 90 - 

— i ** l—r % i 


1 l-l.i. . LllJu ■ 1 .llj. ||L| 1 kj ,i iLiUlkLl. L 


25 

FREQUENCY - kHz 


Figure 10. AD7840 FFT Plot 



Figure 9. AD7840 Simplified Serial Input Control Logic 


AD7840 DYNAMIC SPECIFICATIONS 

The AD7840 is specified and 100% tested for dynamic perfor- 
mance specifications as well as traditional dc specifications such 
as integral and differential nonlinearity. These ac specifications 
are required for the signal processing applications such as speech 
synthesis, servo control and high speed modems. These applica- 
tions require information on the DAC’s effect on the spectral 
content of the signal it is creating. Hence, the parameters for 
which the AD7840 is specified include signal-to-noise ratio, har- 
monic distortion and peak harmonics. These terms are discussed 
in more detail in the following sections. 

Signal -to -Noise Ratio (SNR) 

SNR is the measured signal-to-noise ratio at the output of the 
DAC. The signal is the rms magnitude of the fundamental. 

Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (fs/2) excluding dc. SNR is depen- 
dent upon the number of quantization levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave output 
is given by 

SNR = (6.02N + 1.76)dB (1) 

where N is the number of bits. Thus for an ideal 14-bit con- 
verter, SNR = 86dB. 

Figure 10 shows a typical 2048 point Fast Fourier Transform 
(FFT) plot of the AD7840KN with an output frequency of 
1kHz and an update rate of 100kHz. The SNR obtained from 
this graph is 81.8dB. It should be noted that the harmonics are 
taken into account when calculating the SNR. 


Effective Number of Bits 

The formula given in (1) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). 


xT SNR -1.76 
N — 6.02” 


( 2 ) 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. 


Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7840, total harmonic distortion 
(THD) is defined as 


THD = 20 log 


V^+Vs^V^+Vs^Ve 2 

V, 


where V! is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 , V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the 2048-point 
FFT plot. 


Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the DAC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 


Testing the AD7840 

A simplified diagram of the method used to test the dynamic 
performance specifications is outlined in Figure 1 1 . Data is 
loaded to the AD7840 under control of the microcontroller and 
associated logic at a 100kHz update rate. The output of the 
AD7840 is applied to a ninth order, 50kHz, low-pass filter. The 
output of the filter is in turn applied to a 16-bit accurate digi- 
tizer. This digitizes the signal and the microcontroller generates 
an FFT plot from which the dynamic performance of the 
AD7840 can be evaluated. 
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Figure 11. AD7840 Dynamic Performance Test Circuit 


Performance versus Frequency 

The typical performance plots of Figures 13 and 14 show the 
AD7840's performance over a wide range of input frequencies at 
an update rate of 100kHz. The plot of Figure 13 is without a 
sample-and-hold on the AD7840 output while the plot of Figure 
14 is generated with the sample-and-hold circuit of Figure 12 on 
the output. 


The digitizer sampling is synchronized with the AD7840 update 
rate to ease FFT calculations. The digitizer samples the AD7840 
after the output has settled to its new value. Therefore, if the 
digitizer was to sample the output directly it would effectively 
be sampling a dc value each time. As a result, the dynamic per- 
formance of the AD7840 would not be measured correctly. Us- 
ing the digitizer directly on the AD7840 output would give bet- 
ter results than the actual performance of the AD7840. Using a 
filter between the DAC and the digitizer means that the digitizer 
samples a continuously moving signal and the true dynamic per- 
formance of the AD7840 is measured. 

Some applications will require improved performance versus 
frequency from the AD7840. In these applications, a simple 
sample-and-hold circuit such as that outlined in Figure 12 will 
extend the very good performance of the AD7840 to 20kHz. 


R2 

2kO 



Figure 12. Sample-and-Hold Circuit 

Other applications will already have an inherent sample-and- 
hold function following the AD7840. An example of this type of 
application is driving a switched-capacitor filter where the up- 
dating of the DAC is synchronized with the switched-capacitor 
filter. This inherent sample-and-hold function also extends the 
frequency range performance of the AD7840. 



0 1 2 3 4 5 

FREQUENCY - kHz 

Figure 13. Performance vs. Frequency (No 
Sample-and-Hold) 



0 5 10 15 20 

FREQUENCY - kHz 

Figure 14. Performance vs. Frequency (with 
Sample-and-Hold) 
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MICROPROCESSOR INTERFACING 

The AD7840 logic architecture allows two interfacing options 
for interfacing the part to microprocessor systems. It offers a 
14-bit wide parallel format and a serial format. Fast pulse 
widths and data setup times allow the AD7840 to interface di- 
rectly to most microprocessors including the DSP processors. 
Suitable interfaces to various microprocessors are shown in 
Figures 15 to 23. 

Parallel Interfacing 

Figures 15 to 17 show interfaces to the DSP processors, the 
ADSP-2100, the TMS32010 and TMS32020. An external timer 
controls the updating of the AD7840. Data is loaded to the 
AD7840 input latch using the following instructions: 

ADSP-2100 : DM(DAC) = MRO 
TMS32010 : OUT DAC,D 
TMS32020 : OUT DAC,D 
MRO = ADSP-2100 MRO Register 
D = Data Memory Address 
DAC = AD7840 Address 



Figure 15 AD7 840 - ADSP-2100 Parallel Interface 



Figure 17. AD7840 - TMS32020 Parallel Interface 


Some applications may require that the updating of the AD7840 
DAC latch be controlled by the microprocessor rather than the 
external timer. One option (for double-buffered interfacing) is to 
decode the AD7840 LDAC from the address bus so that a write 
operation to the DAC latch (at a separate address than the input 
latch) updates the output. An example of this is show n in the 
8086 interface of Figure 18. Note that connecting the LDAC 
input to the CS input will not load the DAC latch correctly 
since both latches cannot be transparent at the same time. 

AD7840 - 8086 Interface 

Figure 18 shows an interface between t he AD7 840 and the 8086 
microprocessor. For this interface, the LDAC input is derived 
from a decoded address. If the least significant address line, AO, 
is decoded then the input latch and the DAC latch can reside at 
consecutive addresses. A move instruction loads the input latch 
while £ second move instruction updates the DAC latch and the 
AD7840 output. The move instruction to load a data word 
WXYZ to the input latch is as follows: 

MOV DAC,#YZWX 
DAC = AD7840 Address 



Figure 16. AD7840 - TM32010 Parallel Interface 


Figure 18. AD7840 - 8086 Parallel Interface 
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ADI 840 - 68000 Interface 

An interface between the AD7840 and the 68000 mic roproce ssor 
is shown in Figure 19. In this interface example, the LDAC 
input is hardwired low. As a result the DAC latch and analog 
output are updated on the rising edge of WR. A single move 
instruction, therefore, loads the input latch and updates the 
output. 

MOVE.W D0,$DAC 
DO = 68000 DO Register 
DAC = AD7840 Address 



Data from the ADS P-2101/A DSP-2102 is valid on the falling 
edge of SCLK. The LDAC input of the AD7840 is permanently 
low so the update of the DAC latch and analog ou tput tak es 
place on the sixteenth falling edge of SCLK (with SYNC low). 
The FORMAT pin of the AD7840 must be tied to +5V and the 
JUSTIFY pin tied to DGND for this interface to operate 
correctly. 


— 

ADSP-2101/ 

ADSP-2102 

RFS 

[ 

+5V 

TIMER 

XT 

-5V 

CONVST 

12/8/CLK 

AD7870* 

SSTRB 

n 

« 

4.7k < 

2k 

l 4.7k 





DR 

TFS 

DT 









Jd 

REF OUT 

REF IN 

SYNC 





SDATA 

CS 

AD7840* 

LDAC 

JUSTIFY 

FORMAT 

+5V — • — | 

0 47(aF ^ " 5 U_ 

lOOkil 

> +5V 1 

b Tv 
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Figure 19. AD7840 - MC68000 Parallel Interface 


Figure 20. Complete DAC/ADC Serial Interface 


Serial Interfacing 

Figures 20 to _23 show the AD7840 configured for serial interfac- 
ing with the CS input hardwired to -5V. The parallel bus is not 
activated during serial communication with the AD7840. 

AD7840 - ADS P-2 101 /ADS P-2 1 02 Serial Interface 

Figure 20 shows a serial interface between the AD7840 and the 

ADSP-2101/ADSP-2102 DSP processor. Also included in the 

interface is the AD7870, a 12-bit A/D converter. An interface 

such as this is suitable for modem and other applications which 

have a DAC and an ADC in serial communication with a 

microprocessor. 

The interface uses just one of the two serial ports of the 
ADSP-2101/ADSP-2102. Conversion is initiated on the AD7870 
at a fixed sample rate (e.g., 9.6kHz) which is provided by a 
timer or clock recovery circuitry. While communication takes 
place bet ween th e ADC and the A DSP-2 1 01/ADSP-2 102, the 
AD7870 SSTRB line is low. This SSTRB line is used to provide 
a frame synchronization pulse for the AD7840 SYNC and 
ADSP-2 101/ADSP-2 102 TFS lines. This means that communi- 
cation between the processor and the AD7840 can only take 
place while the AD7870 is communicating with the processor. 
This arrangement is desirable in systems such as modems where 
the DAC and ADC communication should be synchronous. 

The use of the AD7870 SCLK for the AD7840 SCLK and 
ADSP-2 101/ADSP-2 102 SCLK means that only one serial serial 
port of the processor is used. The serial clock for the AD7870 
must be set for continuous clock for correct operation of this 
interface. 


AD7840 - DSP56000 Serial Interface 
A serial interface between the AD7840 and the DSP56000 is 
shown in Figure 21. The DSP56000 is configured for normal 
mode synchronous operation with gated clock. It is also set up 
for a 16-bit word with SCK and SC2 as outputs and the FSL 
control bit set to a 0. SCK is internally generated on the 
DSP56000 and applied to the AD7840 SCLK input. Data from 
the DSP56000 is valid on the falling edge of SCK. The SC2 out- 
put provides the framing pulse for valid data. This line must be 
inverted before being applied to the SYNC input of the 
AD7840. 

The LDAC input of the AD7840 is connected to DGND so the 
update of the DAC latch takes place on the sixteenth falling 
edge of SCLK. As with the previous interface, the FORMAT 
pin of the AD7840 must be tied to +5V and the JUSTIFY pin 
tied to DGND. 
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Figure 21. AD7840 — DSP56000 Serial Interface 
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AD7840 - TMS32020 Serial Interface 

Figure 22 shows a serial interface between the AD7840 and the 
TMS32020 DSP processor. In this interface, the CLKX and 
FSX pin of the 1"MS32020 are generated from the clock/timer 
circuitry. The same clock/timer circuitry generates the LDAC 
signal of the AD7840 to synchronize the update of the output 
with the serial transmission. The FSX pin of the TMS32020 
must be configured as an input. 

Data from the TMS32020 is valid on the falling edge of CLKX. 
Once again, the FORMAT pin of the AD7840 must be tied to 
+ 5V while the JUSTIFY pin must be tied to DGND. 


+ 5V 



* ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 22. AD7840 - TMS32020 Serial Interface 

AD7840 - NEC7720 Serial Interface 
A serial interface between the AD7840 and the NEC7720 is 
shown in Figure 23. This clock must be inverted before being 
applied to the AD7840 SCLK input because data from the proc- 
essor is valid on the rising edge of SCK. 

The NEC7720 is programmed for the LSB to be the first bit in 
the serial data stream. Therefore, the AD7840 is set up with the 
FORMAT pin tied to DGND and the JUSTIFY pin tied to 
+5V. 


+5V 
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Figure 23. AD7840 - NEC7720 Serial Interface 


APPLYING THE AD7840 

Good printed circuit board layout is as important as the overall 
circuit design itself in achieving high speed converter perfor- 
mance. The AD7840 works on an LSB size of 366|xV. There- 
fore, the designer must be conscious of minimizing noise in both 
the converter itself and in the surrounding circuitry. Switching 
mode power supplies are not recommended as the switching 
spikes can feed through to the on-chip amplifier. Other causes 
of concern are ground loops and digital feedthrough from micro- 
processors. These are factors which influence any high perfor- 
mance converter, and a proper PCB layout which minimizes 
these effects is essential for best performance. 

LAYOUT HINTS 

Ensure that the layout for the printed circuit board has the digi- 
tal and analog lines separated as much as possible. Take care not 
to run any digital track alongside an analog signal track. Estab- 
lish a single point analog ground (star ground) separate from the 
logic system ground. Place this star ground as close as possible 
to the AD7840 as shown in Figure 24. Connect all analog 
grounds to this star ground and also connect the AD7840 
DGND pin to this ground. Do not connect any other digital 
grounds to this analog ground point. 

Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of high performance 
converters. Therefore, the foil width for these tracks should be 
kept as wide as possible. The use of ground planes minimizes 
impedance paths and also guards the analog circuitry from digi- 
tal noise. The circuit layout of Figures 27 and 28 have both ana- 
log and digital ground planes which are kept separated and only 
joined at the star ground close to the AD7840. 

NOISE 

Keep the signal leads on the Vqut signal and the signal return 
leads to AGND as short as possible to minimize noise coupling. 
In applications where this is not possible, use a shielded cable 
between the DAC output and its destination. Reduce the ground 
circuit impedance as much as possible since any potential differ- 
ence in grounds between the DAC and its destination device 
appears as an error voltage in series with the DAC output. 



Figure 24. Power Supply Grounding Practice 


2-340 DIGITAL-TO-ANALOG CONVERTERS 














AD7840 


DATA ACQUISITION BOARD 

Figure 25 shows the AD7840 in a data acquisition circuit. The 
corresponding printed circuit board (PCB) layout and silkscreen 
are shown in Figures 26 to 28. The board layout has three inter- 
face ports: one serial and two parallel. One of the parallel ports 
is directly compatible with the ADSP-2100 evaluation board 
expansion connector. 

Some systems will require the addition of a re-construction filter 
on the output of the AD7840 to complete the data acquisition 
system. There is a component grid provided near the analog 
output on the PCB which may be used for such a filter or any 
other output conditioning circuitry. To facilitate this option, 
there is a shorting plug (labeled LK1 on the PCB ) on the ana- 
log output track. If this shorting plug is used, the analog output 
connects to the output of the AD7840; otherwise this shorting 
plug can be omitted and a wire link used to connect the analog 
output to the PCB component grid. 

The board also contains a simple sample-and-hold circuit which 
can be used on the output of the AD7840 to extend the very 
good performance of the AD7840 over a wider frequency range. 
A second wire link (labelled LK2 on the PCB) connects V OUT 
(SKT1) to either the output of this sample-and-hold circuit or 
directly to the output of the AD7840. 

INTERFACE CONNECTIONS 

There are two parallel connectors, labeled SKT4 and SKT6, 
and one serial connector, labeled SKT5. A shorting plug option 
(LK8 in Figure 25) on the AD7840 CS/SERIAL input config- 
ures the DAC for the appropriate interface (see Pin Function 
Description). 

SKT6 is a 96-contact (3-row) Eurocard connector which is 
directly compatible with the ADSP-2100 Evaluation Board Pro- 
totype Expansion Connector. The expansion connector on the 
ADSP-21 00 has eight decoded chip enable outputs labeled ECE1 
to ECE8. ECE6 is used to drive the AD7840 CS input on the 
data acquisition board. To avoid selecting on-board sockets at 
the same time, LK6 on the ADSP-2100 board must be 
removed. The AD7840 and ADSP-2100 data lines are aligned 
for left justified data transfer. 

SKT4 is a 26-way (2-row) IDC connector. This connector con- 
tains the same signal contacts as SKT6 and in addition contains 
decoded R/W and STRB inputs which _are necessary for 
TMS32020 interfacing. This decoded WR can be selected via 
LK4. The pinout for this connector is shown in Figure 29. 

SKT5 is a nine-way D-type connector which is meant for serial 
interfacing only. The evaluation board has the facility to invert 
SYNC line via LK7. This is necessary for serial interfacing 
between the AD7840 and DSP processors such as the DSP56000 
The SKT5 pinout is shown in Figure 30. 

SKT1, SKT2 and SKT3 are three BNC co nnector s which pro- 
vide connections for the analog output, the LDAC input and an 
external reference input. The use of an external reference is 
optional; the shorting plug (LK3) connects the REF IN pin to 
either this external reference or to the AD7840's own internal 
reference. 

Wire links LK5 and LK6 connect the Dll and DIO inputs to 
the data lines for parallel operation. In the serial mode, these 
links allow the user to select the required format and justifica- 
tion for serial data (see Table I). 


POWER SUPPLY CONNECTIONS 

The PCB requires two analog power supplies and one 5V digital 
supply. Connections to the analog supplies are made directly to 
the PCB as shown on the silkscreen in Figure 26. The connec- 
tions are labelled V+ and V- and the range for both of these 
supplies is 12V to 15V. Connection to the 5V digital supply is 
made through any of the connectors (SKT4 to SKT6). The 
-5V analog supply required by the AD7840 is generated from a 
voltage regulator on the V- power supply input (IC5 in 
Figure 25). 


SHORTING PLUG OPTIONS 

There are eight shorting plug options which must be set before 
using the board. These are outlined below: 


LK1 

Connects the analog output to SKT1. The analog out- 
put may also be connected to a component grid for 
signal conditioning. 

LK2 

Selects either the AD7840 V oux or the sample-and- 
hold output. 

LK3 

Selects either the internal or external reference. 

LK4 

Selects the decoded R/W and STRB inputs for 
TMS32020 interfacing. 

LK5 

Configures the D 11/FORMAT input. 

LK6 

Configures the D 10/JUSTIFY input. 

LK7 

Selects either the inverted or nonin verted SYNC. 

LK8 

Selects either parallel or serial interfacing. 

COMPONENT LIST 


IC1 


AD7840 Digital-to- Analog Converter 

IC2 


AD711 Op Amp 

IC3 


ADG201HS High Speed Switch 

IC4 


74HC221 Monostable 

IC5 


79L05 Voltage Regulator 

IC6 


74HC02 

Cl, C3, C5, C7, 

Cll, C13, C15, C17 

10(jlF Capacitors 

C2, C4, C6, C8, 

C12, C14, C16, C18 

0. 1(jlF Capacitors 

C9 


330pF Capacitor 

CIO 


68pF Capacitor 

Rl, R2 


2.2kD Resistors 

R3 


15kfl Resistor 

RP1, RP2 

lOOkfl Resistor Packs 

LK1, LK2, LK3, 

LK4, LK5, LK6, 

LK7, LK8 

Shorting Plugs 

SKT1, SKT2, SKT3 

BNC Sockets 

SKT4 


26-Contact (2-Row) IDC Connector 

SKT5 


9-Contact D-Type Connector 

SKT6 


96-Contact (3-Row) Eurocard 
Connector 
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Figure 25. Data Acquisition Circuit Using the AD7840 
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SILKSCREEN 


Figure 26. PCB Silkscreen for Figure 25 
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Figure 28. PCB Solder Side Layout for Figure 25 
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Figure 29. SKT4, IDC Connector Pinout Figure 30. SKT5, D-Type Connector Pinout 
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□ ANALOG LC 2 M0S 

DEVICES Complete 1 2-Bit Multiplying DAC 


AD7845 


FEATURES 

12-Bit CMOS MDAC with Output Amplifier 
4-Quadrant Multiplication 
Guaranteed Monotonic (T min to T max ) 

Space-Saving 0.3", 24-Pin DIPs and 28-Terminal 
Surface Mount Packages 

Application Resistors On Chip for Gain Ranging, etc. 
Low Power LC 2 MOS 

APPLICATIONS 
Automatic Test Equipment 
Digital Attenuators 
Programmable Power Supplies 
Programmable Gain Amplifiers 
Digital-to-4-20mA Converters 


AD7845 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The AD7845 is the industry’s first 4-quadrant multiplying D/A 
converter with an on-chip amplifier. It is fabricated on the 
LC 2 MOS process, which allows precision linear components and 
digital circuitry to be implemented on the same chip. 

Th e 12 data inputs drive latches which are controlled by standard 
CS and WR signals, making microproc esso r interfacing simple. 
For stand-alone operation, the CS and WR inputs can be tied to 
ground, making all latches transparent. All digital inputs are 
TTL and 5V CMOS compatible. 

The output amplifier can supply ± 10V into a 2kfl load. It is 
internally compensated, and its input offset voltage is low due 
to laser trimming at wafer level. For normal operation, Rfb is 
tied to Vout> but the user may alternatively choose Ra, Rb or 
Rc to scale the output voltage range. 


PRODUCT HIGHLIGHTS 

1. Voltage Output Multiplying DAC 

The AD7845 is the first DAC which has a full 4-quadrant 
multiplying capability and an output amplifier on-chip. 

All specifications include amplifier performance. 

2. Matched Application Resistors 

Three application resistors provide an easy facility for gain 
ranging, voltage offsetting, etc. 

3. Space Saving 

The AD7845 saves space in two ways. The integration of the 
output amplifier on-chip means that chip count is reduced. 
The part is housed in a skinny 24-pin, 0.3" DIP and 28-terminal 
surface mount package. 
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CPrrinPATinNQ 1 (V °° = +15V ' ±5% - v « = -iw, ±5%,v REF = +iov, agnd = dgnd = ov, 

dlLuiriUHl lUrlO V 0UT connected to R re . V 0UT load = 2kll, lOOpF. All specifications T min to T,^ unless otherwise stated.) 


Parameter 

J Version 

K Version 

Aversion 

B Version 

S Version 

T Version 

Units 

Test Conditions/Comments 

ACCURACY 








Vrpp 

Resolution 

12 

12 

12 

12 

12 

12 

Bits 

1LSB = = 2.4mV 

2 2 

Relative Accuracy 









at + 25°C 

±1 

±1/2 

±1 

±1/2 

±1 

±1/2 

LSB max 

All grades are guaranteed 

TmintoT^ 

±1 

±3/4 

±3/2 

±1 

±2 

±1 

LSB max 

monotonic over temperature 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

±1 

±1 

LSB max 

D AC register loaded with 

Zero Code Offset Error 








all 0s. 

at + 25°C 

±2 

±1 

±2 

±1 

±2 

±1 

mV max 


TmintoT,™ 

±4 

±3 

±4 

±3 

±5 

±4 

mV max 


Offset Temperature Coefficient; 









( AOffset/AT emperature) 2 

±5 

±5 

±5 

±5 

±5 

±5‘ 

p.V/°Ctyp 


Gain Error 

±6 

±3 

±6 

±3 

±6 

±3 

LSB max 

Rfb> Vout connected. 


±9 

±6 

±9 

±6 

±9 

±6 

LSB max 

Rc> Vout connected, V REF = + 5 V 


±9 

±6 

±9 

±6 

±9 

±6 

LSB max 

Rb> Vout connected, V REF = +5V 


±10 

±8 

±10 

±8 

±10 

±8 

LSB max 

R A , Vout connected, V RKF = 2.5 V 

Gain Temperature Coefficient; 









(AGain/ATemperature) 2 

±2 

±2 

±2 

±2 

±2 

±2 

ppm ofFSRTC 

Rfbj Vout connected. 








typ 


REFERENCE INPUT 

■j 






PPH 


Input Resistance, Pin 17 


8 

8 

8 

8 



Typical input resistance = 12kll 



16 

16 

16 

16 




APPLICATION RESISTOR 









RATIO MATCHING 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

%max 

Matching between R A , Rb> Rc 

DIGITAL INPUTS 









Vih (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 


2.4 



V|i. (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 


0.8 



I IN (Input Current) 

±1 

±1 

±1 

±1 


±1 

IxAmax 

Digital Inputs at 0V and V DD 

Cj N (Input Capacitance) 2 

7 

7 

7 

7 


7 

pFmax 


POWER SUPPLY 4 









V DD Range 

14.25/15.75 

14.25/15.75 

14.25/15.75 

14.25/15.75 

14.25/15.75 

14.25/15.75 

V min/V max 


V S s Range 

-14.25/- 15.75 -14.25/- 15.75 - 14.25/- 15.75 - 14.25/- 15.75 - 14.25/- 15.75 - 14.25/- 15.75 Vmin/V max 


Power Supply Rejection 









AGain/AV DD 

±0.2 

±0.2 

±0.2 


±0.2 

±0.2 

% per % max 

V DD = 15V ± 5%, Vrhf = - 10V 

AGain/AV ss 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

% per % max 

V ss = -15V ±5%. 

Inn 

10 


10 

10 

10 

10 

mA max 

Vout unloaded. 

Iss 

4 

[1 1 

4 

4 

4 

4 

m A max 

Vout unloaded. 


AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for Design Guidance and are not subject to test 


DYNAMIC PERFORMANCE 









Output Voltage Settling Time 

5 

5 

5 

5 

5 

5 

(j.s max 

To 0.01% of full-scale range. 

Vqut load = 2kil, lOOpF. 

DAC register alternately loaded 
with all 0s and all Is. Typically 

2.5ms at 25°C. 

Slew Rate 

7 

7 

7 

7 

7 

7 

V/p,styp 

Vout load = 2kll, lOOpF. 

Digital-to- Analog 

450 

450 

450 

450 

450 

450 

nV-styp 

Measured with V REE = 0V. 

Glitch Impulse 








DAC register alternately loaded 
with all 0s and all Is. 

Multiplying Feedthrough 

5 

5 

5 

5 

5 

5 

mVp-p typ 

V R f.f = ± 10V, 10kHz sine wave 

Error 3 

Unity Gain Small Signal 








DAC register loaded with all 0s. 

Bandwidth 

600 

600 

600 

600 

600 

600 

kHz typ 

Vout> Rfb connected. DAC loaded 
with all Is. V rf .f = 100mV p-p 









sine wave. 

Full Power Bandwidth 

250 

250 

250 

250 

250 

250 

kHz typ 

V 0 uT) Rfb connected. DAC loaded 
with all Is. V REE = 20V p-p 
sine wave. Ri. = 2kll. 

Total Harmonic Distortion 

-90 

-90 

-90 

-90 

-90 

-90 

dBtyp 

Vrf.f = 6V rms, 1 kHz sine wave. 

OUTPUT CHARACTERISTICS 5 









Open Loop Gain 

85 

85 

85 

85 

85 

85 

dB min 

V 0 uT) Rfb not connected 

V OUT = ± 10V,R,. = 2kll 

Output Voltage Swing 

±10 

±10 

±10 

±10 

±10 

±10 

V min 

R,. = 2kfl,Ci. = 100pF 

Output Resistance 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

fltyp 

Rfb» Vout connected, 

Short Circuit Current (a + 25°C 

15 

15 

15 

15 

15 

15 

mAtyp 

Vout shorted to AGND 

Output Noise Voltage 








Includes noise due to output 

(0.1 Hz to 10Hz)(« + 25°C 

2 

2 

2 

2 

2 

2 

mV rms typ 

amplifier and Johnson Noise 

f = 10Hz 

250 

250 

250 

250 

250 

250 

nVVHztyp 

of Rfb 

f « 100Hz 

100 

100 

100 

100 

100 

100 

nVVHztyp 


f= 1kHz 

50 

50 

50 

50 

50 

50 

nVVHztyp 


f= 10kHz 

50 

50 

50 

50 

50 

50 

nVVHztyp 


f= 100kHz 

50 

50 

50 

50 

50 

50 

nVVHztyp 



NOTES 

'Temperature Ranges are as follows: J, K Versions: 0 to + 70°C 

A, B Versions: - 25°C to + 85°C 
S,T Versions: -55”Cto + 125°C 

1 Sample tested to ensure compliance. 

'The metal lid on the ceramic D-24A package is connected to Pin 1 2 (DGND). 
*The device is functional with a power supply of ± 12V. SeeFigure6. 
'Minimum specified load resistance is 2kfl. 

Specifications subject to change without notice. 
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AD7845 


TIMING CHARACTERISTICS (Voo = + 15V, ±5%.Vss= -15V, ±5%. W = + 10V. AGND = DGND = W.) 


Parameter 

Limit at 

T a = +25°C 

Limit at 

T a = Oto +70°C 

T a = -25°Cto + 85°C 

Limit at 

T a = -55°C 
to+125°C 

Units 

Test Conditions/Comments 

tcs 

100 

135 

140 

ns min 

Chip Select to Write Setup Time 

tcH 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

*WR 

100 

135 

140 

ns min 

Write Pulse Width 

tDS 

100 

100 

120 

ns min 

Data Setup Time 

*DH 

20 

20 

20 

ns min 

Data Hold Time 


Specifications subject to change without notice 


ABSOLUTE MAXIMUM RATINGS* 

(T A = +25°C unless otherwise stated) 


V DD to DGND 

V ss to DGND 

Vref to AGND 

Vrfb to AGND 

Vra to AGND 

Vrb to AGND 

Vrc to AGND 

Vout to AGND 1 

AGND to DGND 

Digital Input Voltage to DGND . . 
Power Dissipation (Any Package) 

To + 75°C 

Derates above + 75°C 


-0.3V, + 17V 

+ 0.3V, -17V 

±25V 

±25V 

±25V 

±25V 

±25V 

V DD +0.3V, V ss -0.3V 

-0.3V, V DD 

. -0.3V, V DD + 0.3V 

650mW 

10mW/°C 


Operating Temperature Range 

Commercial (J, K Versions) 0 to 4- 70°C 

Industrial (A, B Versions) -25°C to +85°C 

Extended (S, T Versions) - 55°C to + 125°C 

Storage Temperature — 65°C to 4- 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 

NOTE 


1 Vout may be shorted to AGND provided that the power dissipation of the 
package is not exceeded. 

^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. Only one Absolute Maximum Rating may be applied at any 
one time. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



tcs 

cs ^ 

•4 tcH I 

1 Vr 5V 

i 7 

1 


WR 

/ ov 

h*t DS -»-| t D H I-*- 
1 1 ew 

-V////////T 

zxrnz. 


NOTES 

1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% to 90% of + 5V. t R = t F = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V - ' H - 2 ~ — 


Figure 1. AD7845 Timing Diagram 


ORDERING INFORMATION 1 


Relative 
Accuracy 
+ 25°C 

Temperat 
Oto + 70°C 

ure Range and 1 
— 25°C to 
+ 85°C 

Package Options 2 
— 55°C to 
+ 125°C 3 

± 1LSB 
± 1/2LSB 

Plastic DIP 
(N-24) 

AD7845JN 

AD7845KN 

Hermetic DIP 
(Q-24) 

AD7845AQ 

AD7845BQ 

Hermetic DIP 
(Q-24) 

AD7845SQ/883B 

AD7845TQ/883B 

± 1LSB 
± 1/2LSB 

PLCC 4 

(P-28A) 

AD7845JP 

AD7845KP 


LCCC 5 

(E-28A) 

AD7845SE 

/883B 


NOTES 

Analog Devices reserves the right to ship either ceramic (D-24A) or 
cerdip (Q-24A) hermetic packages. 

2 See Section 14 for package outline information. 

3 To order MIL-STD-883, Class B processed parts, add /883B to part 
number. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. Available to 883B processing only. 
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PIN CONFIGURATIONS 


DIP 


LCCC 


PLCC 


Vout | 1 
(MSB) OB11 [T 

0810 E 

DB9 [T 
DB8 [T 

087 E 

DB6 [T 

DB5 [T 

084 EE! 

DB3 [jo 

082 E 

DGND [77 




AD7845 
TOP VIEW 
(Not to Scale) 


24 1 R fb 
* 23*1 R c 
22] R B 

iD Ra 

20]v od 
77] V ss 

~T8~| AGND 

77] Vref 
77] CS 

"l5~| WR 

77] DBO (LSB) 
17] DB1 


co 8 o £ o to 

Q > Z CC CC CC 

3 2 1 28 27 26 




*NC = NO CONNECT 


TERMINOLOGY 
LEAST SIGNIFICANT BIT 

This is the analog weighting of 1 bit of the digital word in a 
DAC. For the AD7845, 1LSB = 

RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for both endpoints (i.e., offset and gain error are 
adjusted out) and is normally expressed in least significant bits 
or as a percentage of full-scale range. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of + 1LSB max over 
the operating temperature range ensures monotonicity. 

GAIN ERROR 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all Is loaded after offset 
error has been adjusted out. Gain error is adjustable to zero 
with an external potentiometer. See Figure 13. 

ZERO CODE OFFSET ERROR 

This is the error present at the device output with all Os loaded 
in the DAC. It is due to the op amp input offset voltage and 
bias current and the DAC leakage current. 

TOTAL HARMONIC DISTORTION 

This is the ratio of the root-mean-square (rms) sum of the har- 
monics to the fundamental, expressed in dBs. 

OUTPUT NOISE 

This is the noise due to the white noise of the DAC and the 
input noise of the amplifier. 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

This is the amount of charge injected from the digital inputs to 
the analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-secs or nV-secs 
depending upon whether the glitch is measured as a current or 
voltage. The measurement takes place with Vref = AGND. 

DIGITAL FEEDTHROUGH 

When the DAC is not selected (i.e., CS is high) high frequency 
logic activity on the device digital inputs is capacitively coupled 
through the device to show up as noise on the Vout pin- This 
noise is digital feedthrough. 

MULTIPLYING FEEDTHROUGH ERROR 

This is ac error due to capacitive feedthrough from the Vref 
terminal to Vout when the DAC is loaded with all Os. 

OPEN LOOP GAIN 

Open loop gain is defined as the ratio of a change of output 
voltage to the voltage applied at the Vref pin with all Is loaded 
in the DAC. It is specified at dc. 

UNITY GAIN SMALL SIGNAL BANDWIDTH 

This is the frequency at which the magnitude of the small signal 
voltage gain of the output amplifier is 3dB below unity. The 
device is operated as a closed loop unity gain inverter (i.e., 

DAC is loaded with all Is). 

OUTPUT RESISTANCE 

This is the effective output source resistance. 

FULL POWER BANDWIDTH 

Full power bandwidth is specified as the maximum frequency, 
at unity closed loop gain, for which a sinusoidal input signal 
will produce full output at rated load without exceeding a distortion 
level of 3%. 
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Typical Performance Curves - AD7845 



100 Ik 10k 100k 1M 10M 1 10 100 Ik 10k 10 100 Ik 10k 100k 

FREQUENCY - Hz LOAD RESISTANCE - 11 FREQUENCY - Hz 


Figure 2. Frequency Response , G = - 1 Figure 3. Output Voltage Swing vs. Figure 4. Noise Spectral Density 

Resistive Load 



Figure 5. THD vs. Frequency Figure 6. Typical AD7845 Linearity vs. Figure 7. Multiplying Feedthrough 

Power Supply Error vs. Frequency 




Figure 8. Unity Gain Inverter Pulse Figure 9. Unity Gain Inverter Pulse Figure 10. Digital-to-Analog Glitch 

Response (Large Signal) Response (Small Signal) Impulse (AH Is to All Os Transition) 
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PIN FUNCTION DESCRIPTION (DIP) 


Pin 

Mnemonic 

Description 

1 

Vout 

Voltage Output Terminal 

2-11 

DB11-DB2 

Data Bit 1 1 (MSB) to Data Bit 2 

12 

DGND 

Digital Ground. The metal lid on the ceramic package is connected to this pin 

13-14 

DB1-DB0 

Data Bit 1 to Data Bit 0 (LSB) 

15 

WR 

Write Input. Active low 

16 

CS 

Chip Select Input. Active low 

17 

Vref 

Reference Input Voltage which can be an ac or dc signal 

18 

AGND 

Analog Ground. This is the reference point for external analog circuitry 

19 

Vss 

Negative power supply for the output amplifier (nominal - 12V to - 15 V) 

20 

Vdd 

Positive power supply (nominal + 12V to + 15V) 

21 

Ra 

Application resistor. R A = 4R FB 

22 

Rb 

Application resistor. R b = 2RPE 

23 

Rc 

Application resistor. R c = 2Rps 

24 

Rfb 

Feedback resistor in the DAC. For normal operation this is connected to Vqut 


CIRCUIT INFORMATION 
Digital Section 

Figure 11 is a simplified cir cuit d iagram of the AD7845 input 
control logic. When CS and WR are both low, the DAC latch is 
loaded with the data on the data inputs. All the digital inputs 
are TTL, HCMOS and 4- 5V CMOS compatible, facilitating 
easy microprocessor interfacing. All digital inputs incorporate 
standard protection circuitry. 



Figure 1 1. AD7845 Input Control Logic 


D/A Section 

Figure 12 shows a simplified circuit diagram for the AD7845 
D/A section and output amplifier. The D/A converter is a standard 
R-2R ladder. Binarily weighted currents are switched between 
AGND and the inverting terminal of the on-chip output amplifier. 
The output amplifier and feedback resistor R FB perform the 
current-to-voltage conversion. When connected in the standard 
configuration (i.e., R F b connected to V 0 ut)> 

Vout = - D • Vre F , 

where D is the fractional representation of the digital input 
code. D can vary from 0 to 4095/4096. 

The amplifier can maintain ± 10V across a 2kO load. It is internally 
compensated and settles to 0.01% FSR (1/2LSB) in less than 
5ps. The input offset voltage is laser trimmed at wafer level. 

The amplifier slew rate is typically 7V/(jls, and the unity gain 
small signal bandwidth is 600kHz. There are three extra on-chip 
resistors (R A , Rbj Rc) connected to the amplifier inverting ter- 
minal. These are useful in a number of applications including 
offset adjustment and gain ranging. 



Figure 12. Simplified Circuit Diagram for the AD7845 D/A 
Section and Output Amplifier 
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UNIPOLAR BINARY OPERATION 

Figure 13 shows the AD7845 connected for unipolar binary 
operation. When Vi N is an ac signal, the circuit performs 2- 
quadrant multiplication. The code table for Figure 13 is given 
in Table I. 


Vdd 



Figure 13. Unipolar Binary Operation 


Binary Number In 

DAC Register 

Analog Output, Vout 

MSB 


LSB 

> 

i 

1111 

mi 

mi 

1000 

0000 

0000 

-Mii)=- 1/2V " 

0000 

0000 

0001 


0000 

0000 

0000 

OV 


Table I. Unipolar Binary Code Table forAD7845 


OFFSET AND GAIN ADJUSTMENT FOR FIGURE 13 

Zero Offset Adjustment 

1. Load DAC with all Os. 

2. Trim R3 until V 0 ut = OV. 

Gain Adjustment 

1. Load DAC with all Is. 

2. Trim R1 so that Vout = ~ V IN 

In fixed reference applications, full scale can also be adjusted by 
omitting R1 and R2 and trimming the reference voltage magnitude. 
For high temperature applications, resistors and potentiometers 
should have a low temperature coefficient. 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit for bipolar operation is shown in 
Figure 14. Offset binary coding is used. 

The offset specification of this circuit is determined by the 
matching of internal resistors Rb and Rq and by the zero code 
offset error of the device. Gain error may be adjusted by varying 
the ratio of R1 and R2. 

To use this circuit without trimming and keep within the gain 
error specifications, resistors R1 and R2 should be ratio matched 
to 0.01%. 

The code table for Figure 14 is given in Table II. 



Figure 14. Bipolar Offset Binary Operation 


Binary Number In 

DAC Register 

Analog Output, V 0 ut 

MSB 


LSB 

♦^ 0 ® 

mi 

nil 

nil 

1000 

0000 

0001 

+ VlN (2045) 

1000 

0000 

0000 

OV 

0111 

nil 

nil 

- V,N (204s) 

0000 

0000 

0000 

_v ™(i> 4 §) = _Vin 


Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 14 
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APPLICATIONS CIRCUITS 


PROGRAMMABLE GAIN AMPLIFIER (PGA) 

The AD7845 performs a PGA function when connected as in 
Figure 15. In this configuration, the R-2R ladder is connected 
in the amplifier feedback loop. R F b is the amplifier input resistor. 
As the code decreases, the R-2R ladder resistance increases and 
so the gain increases. 


z 

> 

1 

II 

Rdac 

D 

1 

Rfb’ 

(d = 0 to 

©IQ 

_ _ V 

Rdac 

1 

-v IN 

since Rj 

- v IN 

D 

Rdac 

D ’ 



Figure 15. AD7845 Connected as PGA 


PROGRAMMABLE CURRENT SOURCES 

The AD7845 is ideal for designing programmable current sources 
using a minimum of external components. Figures 16 and 17 
are examples. The circuit of Figure 16 drives a programmable 
current II into a load referenced to a negative supply. Figure 17 
shows the circuit for sinking a programmable current, II. The 
same set of circuit equations apply for both diagrams. 


Il = Is = h + Ii 


P - |Vnj 

Rdac 



= 0 


to 


4095 \ 

4096/ 


I2 


1 f p : jVgh 

R* V Rdac / 


Rfb 


p : [VinI 

R1 


, since R FB 


- ^DAC 


P * [VimI p • IVin) 
R1 Rdac 


p : [VinI 

R1 



Note that by making R1 much smaller than R DA c> the circuit 
becomes insensitive to both the absolute value of Rdac and its 
temperature variations. Now, the only resistor determining load 
current I L is the sense resistor Rl. 

If Ri = 1000, then the programming range is 0 to 100mA, and 
the resolution is 0.024mA. 


As the programmed gain increases, the error and noise also 
increase. For this reason, the maximum gain should be limited 
to 256. Table III shows gain versus code. 


Digital Inputs 


Gain 

Error (%) 

1111 

1111 

1111 

4096/4095 «1 

0.04 

1000 

0000 

0000 

2 

0.07 

0100 

0000 

0000 

4 

0.13 

0010 

0000 

0000 

8 

0.26 

0001 

0000 

0000 

16 

0.51 

0000 

1000 

0000 

32 

1.02 

0000 

0100 

0000 

64 

2.0 

0000 

0010 

0000 

128 

4.0 

0000 

0001 

0000 

256 

8.0 


Table III. Gain and Error vs. Input Code for Figure 15 

Note that instead of using R FB as the input resistor, it is also 
possible to use combinations of the other application resistors, 
R a , R b and R c . For instance, if R B is used instead of R FB , the 
gain range for the same codes of Table II now goes from 1/2 to 
128. 



Figure 16. Programmable Current Source 
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Figure 17. Programmable Current Sink 


Figure 18. 4-20mA Current Loop 


4-20mA CURRENT LOOP 

The AD7845 provides an excellent way of making a 4-20mA 
current loop circuit. This is basically a variation of the circuits 
in Figures 16 and 17 and is shown in Figure 18. The application 
resistor R A (Value 4R) produces the effective 4mA offset. 

Il = I 3 = I 2 + Ii 

Since I 2 >> Ii, 


and since Rdac = Rfb = R 


I L = (^ 4- D x 2.5 


= [4 + (16 x D)]mA, where D goes from 0 to 1 with 
Digital Code 

When D = 0 (Code of all Os): 

I L = 4mA 

When D = 1 (Code of all Is): 

I L = 20mA 

The above circuit succeeds in signiflcandy reducing the circuit 
component count. Both the on-chip output amplifier and the 
application resistor R A contribute to this. 


APPLICATION HINTS 

General Ground Management: AC or transient voltages between 
AGND and DGND can cause noise injection into the analog 
output. The simplest method of ensuring that voltages at AGND 
and DGND are equal is to tie AGND and DGND together at 
the AD7845. In more complex systems where the AGND and 
DGND intertie is on the backplane, it is recommended that two 
diodes be connected in inverse parallel between the AD7845 
AGND and DGND pins (1N914 or equivalent). 

Digital Glitches: When a new digital word is written into the 
DAC, it results in a change of voltage applied to some of the 
DAC switch gates. This voltage change is coupled across the 
switch stray capacitance and appears as an impulse on the current 
output bus of the DAC. In the AD7845, impulses on this bus 
are converted to a voltage by R FB and the output amplifier. The 
output voltage glitch energy is specified as the area of the resulting 
spike in nV-seconds. It is measured with Vref connected to 
analog ground and for a zero to full scale input code transition. 
Since microprocessor based systems generally have noisy grounds 
which couple into the power supplies, the AD7845 V D d and 
V S s terminals should be decoupled to signal ground. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7845 has a maximum value of 5ppm/°C. This corresponds 
to worst case gain shift of 2LSBs over a 100°C temperature 
range. When trim resistors R1 and R2 in Figure 13 are used to 
adjust full scale range, the temperature coefficient of R1 and R2 
must also be taken into account. The offset temperature coefficient 
is 5ppm of FSR/°C maximum. This corresponds to a worst case 
offset shift of 2 LSBs over a 100°C temperature range. 

The reader is referred to Analog Devices Application Note 
“Gain Error and Gain Temperature Coefficient of CMOS Multi- 
plying DACs,” Publication Number E630C-5-3/86. 
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MICROPROCESSOR INTERFACING 
16-BIT MICROPROCESSOR SYSTEMS 

Figures 19, 20 and 21 show how the AD7845 interfaces to three 
popular 16-bit microprocessor systems. These are the MC68000, 
8086 and the TMS32010. The AD7845 is treated as a memory- 
mapped peripheral to the processors. In each case, a write in- 
struction loads the AD7845 with the appropriate data. The 
particular instructions used are as follows: 

MC68000: MOVE 

8086: MOV 

TMS32010: OUT 



8-BIT MICROPROCESSOR SYSTEMS 

Figure 22 shows an interface circuit for the AD7845 to the 
8085A 8-bit microprocessor. The software routine to load data 
to the device is given in Table IV. Note that the transfer of the 
12-bits of data requires two write operations. The first of these 
loads the 4 MSBs into the 7475 latch. The second write operation 
loads the 8 LSBs plus the 4 MSBs (which are held by the latch) 
into the DAC. 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 22. 8085 A Interface 


Figure 19. AD7845 to MC68000 Interface 



Figure 20. AD7845 to 8086 Interface 


2000 LOAD DAC : LXI 

H,#3000 

The H,L register pair 
are loaded with latch 
address 3000. 

MVI 

A,#“MS” 

Load the 4 MSBs of 
data into accumulator. 

MOV 

M,A 

Transfer data from 
accumulator to latch. 

INR 

L 

Increment H,L pair to 
AD7845 address. 

MVI 

A,#“LS” 

Load the 8 LSBs of 
data into accumulator. 

MOV 

M,A 

Transfer data from 
accumulator to DAC. 

RET 


End of routine. 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 21. TMS32010 Interface 


Table IV. Subroutine Listing for Figure 22 
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Figures 23 and 24 are the interface circuits for the Z80 and 
MC6809 microprocessors. Again, these use the same basic format 
as the 8085A interface. 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 23. AD7845 to Z80 Interface 



DIGITAL FEEDTHROUGH 

In the preceding interface configurations, most digital inputs to 
the AD 7845 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this digital feedthrough isolate 
the DAC from the noise source. Figure 25 shows an interface 
circuit which uses this technique. All data inputs are latched 
from the busy by the CS signal. One may also use other means, 
such as peripheral interface devices, to reduce the digital 
feedthrough. 




•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 25. AD7845 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 


Figure 24. MC6809 Interface 
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□ ANALOG LC 2 M0S 

DEVICES 1 6-Bit Voltage Output DAC 


AD7846 


FEATURES 

16-Bit Monotonicity over Temperature 

±2LSBs Integral Linearity Error 

Microprocessor Compatible with Readback Capability 

Unipolar or Bipolar Output 

Multiplying Capability 

Low Power (lOOmW typical) 


AD7846 FUNCTIONAL BLOCK DIAGRAM 


V„ EF _ 



GENERAL DESCRIPTION 

The AD7846 is a 16-bit DAC constructed with Analog Devices’ 
LC 2 MOS process. It has V REF+ and V REF _ reference inputs 
and an on-chip output amplifier. These can be configured to 
give a unipolar output range (0 to + 5V, 0 to +10V) or bipolar 
output ranges (±5V, ±10V). 

The DAC uses a segmented architecture. The 4MSBs in the 
DAC latch select one of the segments in a 16-resistor string. 
Both taps of the segment are buffered by amplifiers and fed to a 
12-bit DAC, which provides a further 12 bits of resolution. This 
architecture ensures 16-bit monotonicity. Excellent integral lin- 
earity results from tight matching between the input offset volt- 
ages of the two buffer amplifiers. 

In addition to the excellent accuracy specifications, the AD7846 
also offers a comprehensive microprocessor int erface. T here are 
16 da ta I/O pins, plus control lines (CS, R/W, LDAC and 
CLR). R/W and CS allow writing to and reading from the I/O 
latch. This is the readback function which is useful in ATE ap- 
plications. LDAC allows simultaneous updating of DACs in a 
multi-DAC system and the CLR line will reset the contents the 
DAC Jatch to 00 . . . 000 or 10 . . . 000 depending on the state 
of R/W. This means that the DAC output can be reset to 0V in 
both the unipolar and bipolar configurations. 

The AD7846 is available in 28-pin plastic, ceramic and LCCC 
packages. 


PRODUCT HIGHLIGHTS 

1. 16-Bit Monotonicity 

The guaranteed 16-bit mono tonicity over temperature makes 
the AD7846 ideal for closed-loop applications. 

2. Readback 

The ability to read back the DAC register contents minimizes 
software routines when the AD7846 is used in ATE systems. 

3. Power Dissipation 

Power dissipation of lOOmW makes the AD7846 the lowest 
power, high accuracy DAC on the market. 
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(Y 00 = +14.25V to +15.75V, V ss = -14.25V to -15.75V, V cc = +4.75V to + 5.25V. V 0UT loaded 
CDHrinrATinUC 1 with 2k ^’ IOOOpF to OV. V REF+ = +5V, R, n connected to OV. All specifications T min to T max unless 
OrLull lunl IUI10 otherwise stated.) 


Parameter 

J, A Versions 

K, B Versions 

S Version 2 

Units 

Test Conditions/Comments 

RESOLUTION 

16 

16 

16 

Bits 


UNIPOLAR OUTPUT 

Relative Accuracy @ 25°C 

±16 

±4 

±16 

LSB max 

Vref- = 0V, V OU t = 0V to + 10V 

1LSB = 153|aV 

T min to T max 

±16 

±8 

±16 

LSB max 


Differential Nonlinearity Error 

±1 

±0.5 

±1 

LSB max 

All Grades Guaranteed Monotonic 

Gain Error @ 25°C 

±16 

±8 

±16 

LSB max 

V 0 ut Load= lOMfl 

Tmin to T m „ 

±16 

±16 

±24 

LSB max 


Offset Error (5) 25°C 

±16 

±8 

±16 

LSB max 


Tmin tO T max 

±16 

±16 

±24 

LSB max 


Gain TC 3 

±2 

±2 

±2 

ppm FSR/°C typ 


Offset TC 3 

±2 

±2 

±2 

ppm FSR/°C typ 


BIPOLAR OUTPUT 

Relative Accuracy (cl 25°!C 

±8 

±2 

±8 

LSB max 

Vr EF — = -5V, V OUT = ~ 10V to + 10V 
1LSB = 305 |xV 

T min to T max 

±8 

±4 

±8 

LSB max 


Differential Nonlinearity Error 

±1 

±0.5 

±1 

LSB max 

All Grades Guaranteed Monotonic 

Gain Error (a- 25°C 

±8 

±4 

±8 

LSB max 

V out Load = 1 0M.fl 

Tmin to T max 

±12 

±8 

±16 

LSB max 


Offset Error (a 25°C 

±8 

±4 

±8 

LSB max 

V OUT Load =10Mfl 

Tmin » T max 

±12 

±8 

±16 

LSB max 


Bipolar Zero Error (ob 25°C 

±8 

±4 

±8 

LSB max 


Tmi„t0Tn» x 

±12 

±8 

±16 

LSB max 


Gain TC 3 

±2 

±2 

±2 

ppm FSR/°C typ 


Offset TC 3 

±2 

±2 

±2 

ppm FSR/°C typ 


Bipolar Zero TC 3 

±2 

±2 

±2 

ppm FSR/°C typ 


REFERENCE INPUT 






Input Resistance 

20 

20 

20 

kfl min 

Resistance from V RPP _ to V RBF4 . 


40 

40 

40 

kfl max 

Typically 30kfl 

Vref+ Range 

V ss +6 to 

Vss+6 to 

Vss+6 to 

Volts 


Vref— Range 

Vdd~6 

V ss +6 to 

Vdd - 6 

Vss+6 to 

Vdd“6 

Vss+6 to 

Volts 



V dd -6 

V dd -6 

V dd -6 



OUTPUT CHARACTERISTICS 






Output Voltage Swing 

V ss +4 to 

V ss +4 to 

Vss+4 to 

V max 


Resistive Load 

V dd ~3 

2 

V dd -3 

2 

V dd -3 

3 

kfl min 

To 0V 

Capacitive Load 

1000 

1000 

1000 

pF max 

To 0V 

Output Resistance 

0.3 

0.3 

0.3 

f! typ 


Short Circuit Current 

±25 

±25 

±25 

mA typ 

To 0V or Any Power Supply 

DIGITAL INPUTS 






V IH (Input High Voltage) 

2.4 

2.4 

2.4 

V min 


V IL (Input Low Voltage) 

0.8 



V max 


I IN (Input Current) 

±10 


±10 

(jlA max 


C IN (Input Capacitance) 3 

10 


10 

pF max 


DIGITAL OUTPUTS 






V OL (Output Low Voltage) 

0.4 


0.4 

Volts max 

Isink = 1.6mA 

V OH (Output High Voltage) 

4.0 

4.0 

4.0 

Volts min 

Isource = 400p,A 

Floating State Leakage Current 

±10 

±10 

E- 

(jlA max 

DBO-DB15=0 to V cc 

Floating State Output Capacitance 3 

10 

10 

10 

pF max 


POWER REQUIREMENTS 4 






v DD 

+ 11.4/+15.75 

+ 11.4/+ 15.75 

+ 11.4/+ 15.75 

Vmin/Vmax 


V ss 

— 1 1 .4/— 15.75 

-11.4/- 15.75 

— 11 .4/— 15.75 

Vmin/Vmax 


Vcc 

+4J5/+5.25 

+4.75/+5.25 

+4.75/+5.25 

Vmin/Vmax 


Idd 

5 

5 

5 

mA max 

V 0 ut Unloaded 

Iss 

5 

5 

5 

mA max 

Vqut Unloaded 

Icc 

1 

1 

1 

mA max 


Power Supply Sensitivity 5 

1.5 

1.5 

2 

LSB/V max 


Power Dissipation 

100 

100 

100 

mW typ 

Vqut Unloaded 


NOTES 

‘Temperature Ranges as follows: J, K versions; 0 to +70°C 

A, B versions; -25°C to +85°C 
S version; -55°C to + 125°C 
2 Minimum load for S version is 3kfl. 


3 Sample tested to ensure compliance. 

4 AD7846 is functional with power supplies of ±12V. See Typical Performance Curves. 
5 Sen$itivity of Gain Error, Offset Error and Bipolar Zero Error to V DD , V ss variations. 
Specifications subject to change without notice. 
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AC PERFORMANCE CHARACTERISTICS Th ® se ‘“ridics are included for de«gn guidance only and are not 

subject to test. (V REF+ = +5V, V DD = +14.25V to +15.75V, Y ss = 
-14.25V to -15.75V, V cc = +4.75V to +5.25V, R IN connected to OV.) 


Output Settling Time 

Digital-to-Analog Glitch 
Impulse 

AC Feedthrough 

Digital Feedthrough 
Output Noise Voltage 
Density (lkHz-lOOkHz) 



Test Conditions/Comments 


|xs max To 0.006% FSR. Vqut loaded. V REF _ =0V. 

p,s max To 0.003% FSR. Vqut loaded. V REF _ = -5V. 

nV-secs typ DAC alternately loaded with 10 . . . 0000 and 01 ... 11 
Vqut unloaded. 

mV pk-pk typ V REF _ = 0V, V REF+ = IV rms, 10kHz sine wave. 

DAC loaded with all 0s. 

nV-secsjyp DAC alternately loaded with all Is and all 0s. CS High. 
nV/VHz typ Measured at V oux . DAC loaded with 0111011 . . . 11. 


TIMING CHARACTERISTICS (V D0 = + 14.25V to + 15.75V, V ss = -14.25V to -15.75V, V cc = +4.75Vto + 5.25V.) 


Parameter 

Limit at 

T a = 25°C 

Limit at 

T a = 0 to +70°C 

T A = -25°C to +85°C 

Limit at 

T A = — 55°C to 

+ 125°C 

Units 

Test Conditions/Comments 

ti 

40 

40 

50 

ns min 

R/W to CS Setup Time 

t 2 

150 

160 

190 

ns min 

CS Pulse Width (Write Cycle) 

t 3 

40 

40 

50 

ns min 

R/W to CS Hold Time 

t 4 

110 

110 

120 

ns min 

Data Setup Time 

t 5 

0 

0 

0 

ns min 

Data Hold Time 

t 6 

230 

270 

320 

ns max 

Data Access Time 

t 7 

10 

10 

10 

ns min 

Bus Relinquish Time 


80 

90 

90 

ns max 


*8 

20 

20 

20 

ns min 

CLR Setup Time 

t 9 

150 

150 

150 

ns min 

CLR Pulse Width 

tio 

0 

0 

0 

ns min 

CLR Hold Time 

t u 

80 

100 

100 

ns min 

LDAC Pulse Width 

tl2 

240 

280 

330 

ns min 

CS Pulse Width (Read Cycle) 


NOTES 

timing specifications are sample tested at 25°C to ensure compliance. All input control signals are specified with t R = t F = 5 ns 
(10% to 90% of +5V) and timed from a voltage level of 1.6V. 

\ is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

3 t 7 is defined as the time required for an output to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


5V 



a. V OH to High z b. V OL to High Z 
Figure 2. Load Circuits for Bus Relinquish Time (t 7 ) 
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ABSOLUTE MAXIMUM RATINGS 1 


V DD to DGND -0.3V to +17V 

V cc to DGND -0.3V to +7V 

V ss to DGND +0.3V to -17V 

V REF+ to DGND ±25V 

V REF _ to DGND ±25V 

V OUT to DGND 2 ±25V 

R in to DGND ±25 V 

Digital Input Voltage to DGND -0.3V to V cc +0.3V 

Digital Output Voltage to DGND —0.3V to V cc +0.3V 

Power Dissipation (Any Package) 

To +75°C lOOOmW 

Derates above +75°C 10mW/°C 


Operating Temperature Range 


J, K Versions 0 to +70°C 

A, B Versions -25°C to +85°C 

S Version -55°C to + 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering) + 300°C 


NOTES 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods of time 
may affect device reliability. Only one Absolute Maximum Rating may be 
applied at any one time. 

2 V OU t may be shorted to DGND, V DD , V ss , V cc provided that the power 
dissipation of the package is not exceeded. 


CAUTION: — 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected ^devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 
Least Significant Bit 

This is the analog weighting of 1 bit of the digital word in a 
DAC. For the AD7846, 1LSB = (V REF+ - V REF _)/2 16 . 

Relative Accuracy 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end 
points of the DAC transfer function. It is measured after adjust- 
ing for both endpoints (i.e., offset and gain errors are adjusted 
out) and is normally expressed in least significant bits or as a 
percentage of full scale range. 

Differential Nonlinearity 

Differential nonlinearity is the difference between the measured 
change and the ideal change between any two adjacent codes. A 
specified differential nonlinearity of ±1LSB max over the oper- 
ating temperature range ensures monotonicity. 

Gain Error 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all Is loaded after offset 
error has been adjusted out. Gain error is adjustable to zero with 
an external potentiometer. 

Offset Error 

This is the error present at the device output with all Os loaded 
in the DAC. It is due to op amp input offset voltage and bias 
current and the DAC leakage current. 


Bipolar Zero Error 

When the AD7846 is connected for bipolar output and 
10 . . . 000 is loaded to the DAC, the deviation of the analog 
output from the ideal midscale of 0V is called the bipolar zero 
error. 

Digital-to- Analog Glitch Impulse 

This is the amount of charge injected from the digital inputs to 
the analog output when the inputs change state. This is nor- 
mally specified as the area of the glitch in either pA-secs or 
nV-secs depending upon whether the glitch is measured as a 
current or a voltage. 

Multiplying Feedthrough Error 

This is an ac error due to capacitive feedthrough from either of 
the V REF terminals to V Q ut when the DAC is loaded with all 
0s. 

Digital Feedthrough 

When the DAC is not selected (i.e., CS is held high), high fre- 
quency logic activity on the digital inputs in capacitively coupled 
through the device to show up as noise on the V Q ut pin. This 
noise is digital feedthrough. 
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PIN CONFIGURATIONS 


DIP LCCC 



PIN FUNCTION DESCRIPTION 


Pin 

Mnemonic 

Description 

1-3 

DB2-DB0 

Data I/O pins. DBO is LSB. 

4 

V DD 

Positive supply for analog circuitry. 
This is + 15 V nominal. 

5 

VoUT 

DAC output voltage pin. 

6 

RlN 

Input to summing resistor of DAC 
output amplifier. This is used to 
select output voltage ranges. See 
Table I. 

7 

Vref + 

Vref+ input. The DAC is specified 
for V REF+ = +5y. 

8 

Vref- 

V REF - input. For unipolar 
operation connect V REF _ to 0V 
and for bipolar operation connect it 
to ~5V. The device is specified for 
both conditions. 

9 

Vss 

Negative supply for analog circuitry. 
This is -15V nominal. 

10-19 

DB15-DB6 

Data I/O pins. DB15 is MSB. 

20 

DGND 

Ground pin for digital circuitry. 


Pin 

Mnemonic 

Description 

21 

Vcc 

Positive supply for digital circuitry. 
This is + 5V nominal. 

22 

R/W 

R/W input. This can be used to load 
data to the DAC or to read back the 
DAC latch contents. 

23 

CS 

Chip select input. This selects the 
device. 

24 

CLR 

Clear input. The DAC can be 
cleared to 000 . . . 000 or 

100 .. . 000. See Table II. 

25 

LDAC 

Asynchronous load input to DAC. 

26-28 

DB5-DB3 

Data I/O pins. 


Output Range 

VreF + 

VreF- 

Rin 

0V to + 5V 

+ 5V 

OV 

V()UT 

0V to +10V 

+ 5V 

OV 

OV 

+ 5V to -5V 

+ 5V 

-5V 

V()UT 

+ 5V to — 5V 

+ 5V 

OV 

+ 5V 

+ 10V to -10V 

+ 5V 

-5V 

OV 


Table I. AD7846 Output Voltage Ranges 


ORDERING INFORMATION 


Relative 

Temperature Range and Package Options 1 

Accuracy 
@ +25°C 

0 to +70°C 

— 25°C to 
+85°C 

-55°C to 
+ 125°C 

± 16LSB 
±4LSB 

Plastic DIP (N-28) 

AD7846JN 

AD7846KN 

Ceramic DIP (D-28) 

AD7846AD 

AD7846BD 

Ceramic DIP (D-28) 
AD7846SD/883B 

±16LSB 



LCCC 2 (E-28A) 
AD7846SE/883B 


NOTES 

*See Section 14 for package outline information. 
2 Leadless ceramic chip carrier. 
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Typical Performance Curves 




FREQUENCY - Hz 



10 1 10 2 1 0 3 1 0 4 1 0 5 1 0 6 1 0 7 

FREQUENCY - Hz 


Figure 4. AC Feedthrough. Vref+ = 1V rms, Figure 5. AC Feedthrough 

10kHz Sine Wave. vs. Frequency 


Figure 6. Large Signal 
Frequency Response 
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Figure 7. Noise Spectral Density 
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Figure 8. Digital-to-Analog Glitch 
Impulse without internal Deglitcher 
(10 . . . 000 to Oil . . . Ill 
Transition) 


Figure 9. Digital-to-Analog Glitch 
Impulse with Internal Deglitcher 
(10 . . . 000 to Oil .. . Ill 
Transition ) 



Figure 10. Pulse Response Figure 11. Pulse Response Figure 12. Spectral Response of 

(Large Signal) (Small Signal) Digitally , Constructed Sine Wave 




Figure 13. Typical Linearity vs. V DD / V ss Figure 14. Typical Monotonicity vs. V DD /V SS 
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AD7846 


CIRCUIT DESCRIPTION 
Digital Section 

Figure 15 shows the digital control logic and on-chip data 
latches in the AD7846. Table II is the associated truth table. 
The D/A converter had tw o la tches which are controlled by four 
signals: CS, R/W, LDAC and CLR. The input latch is con- 
nected to the data bus (DB15-DB0). A word is written to the 
input latch by bringing CS low and R/W low. The contents of 
the input latch may be read back by bringing CS low and R/W 
high. This feature is called “readback” and is used in system 
diagnostic and calibration routines. 



DB15 DBO 


Figure 15. AD7846 Input Control Logic 


CS R/W LDAC CLR Function 

1 X X X 3-State DAC I/O Latch in 

High Z State 

0 0 X X DAC I/O Latch Loaded with 

DB15-DB0 

0 1 X X Contents of DAC I/O Latch 

Available on DB15-DB0 

X X 0 1 Contents of DAC I/O Latch 

Transferred to DAC Latch 

X 0 X 0 DAC Latch Loaded with 

000 .. . 000 

XIX 0 DAC Latch Loaded with 
100 .. . 000 

Table II. AD7846 Control Logic Truth Table 

Data is transferred from the input latch to the DAC latch with 
the LDAC strobe. The equivalent analog value of the DAC 
latch contents appears at the DAC output. The CLR pin resets 
the DAC latch contents to 000 . . . 000 or 100 . . . 000, depend- 
ing on th e state of R/W. Writing a CLR loads 000 . . . 000 and 
reading a CLR loads 100 .. . 000. To re set a DAC to 0V in a 
unipolar system the user should exercise CLR while R/W is low; 
to reset to 0V in a bipolar system exercise the CLR while R/W 
is high. 

D/A Conversion 

Figure 16 shows the D/A section of the AD7846. There are 
three DACs, each of which have their own buffer amplifiers. 
DAC1 and DAC2 are 4-bit DACs. They share a 16-resistor 
string but have their own analog multiplexers. The voltage refer- 
ence is applied to the resistor string. DAC3 is a 12 -bit voltage 
mode DAC with its own output stage. 

The 4MSBs of the 16-bit digital code drive DAC1 and DAC2 
while the 12LSBs control DAC3. Using DAC1 and DAC2, the 
MSBs select a pair of adjacent nodes on the resistor string and 
present that voltage to the positive and negative inputs of 
DAC3. This DAC interpolates between these two voltages to 
produce the analog output voltage. 



Figure 16. AD7846 D/A Conversion 
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To prevent non-monotonicity in the DAC due to amplifier offset 
voltages, DAC1 and DAC2 “leap-frog” along the resistor string. 
For example, when switching from Segment 1 to Segment 2, 
DAC1 switches from the bottom of Segment 1 to the top of Seg- 
ment 2 while DAC2 stays connected to the top of Segment 1 . 
The code driving DAC3 is automatically complemented to com- 
pensate for the inversion of its inputs. This means that any lin- 
earity effects due to amplifier offset voltages remain unchanged 
when switching from one segment to the next and 16-bit mono- 
tonicity is ensured if DAC3 is monotonic. So, 12-bit resistor 
matching in DAC3 guarantees overall 16-bit monotonicity. This 
is much more acheivable than the 16-bit matching which a con- 
ventional R-2R structure would have needed. 

Output Stage 

The output stage of the AD7846 is shown in Figure 17. It is 
capable of driving a 2kf!/1000pF load. It also has a resistor 
feedback network which allows the user to configure it for gains 
of one or two. Table I shows the different output ranges that are 
possible. 

An additional feature is that the output buffer is configured as a 
track-and-hold amplifier. Although normally tracking its input, 
this amplifier is placed in a hold mode for approximately lp,s 
after the leading edge of LDAC. This short state keeps the 
DAC output at its previous voltage while the AD7846 is inter- 
nally changing to its new value. So, any glitches that occur in 
the tran sition are not seen at the output. In systems where the 
LDAC is tied permanently low, the deglitching will not be in 
operation. Figures 8 and 9 show the outputs of the AD7846 
with and without the deglitcher. 



LDAC 


Figure 17. AD7846 Output Stage 


UNIPOLAR BINARY OPERATION 

Figure 18 shows the AD7846 in the unipolar binary circuit con- 
figuration. The DAC is driven by the AD586, +5V reference. 
Since R IN is tied to OV, the output amplifier has a gain of 2 and 
the output range is 0 to + 10V. If a 0 to +5V range is required, 
R in should be tied to V 0 ut> configuring the output stage for a 
gain of 1. Table III gives the code table for the circuit of Figure 
18. 


+15V +5V 



Figure 18. Unipolar Binary Operation 


Binary Number Analog Output 

in DAC Latch (Vqut) 

MSB LSB 

1111 1111 nil nil + 10 (65535/65536) V 

1000 0000 0000 0000 +10 (32768/65536) V 

0000 0000 0000 0001 + 10 (1/65536) V 

0000 0000 0000 0000 0V 

NOTE 

1LSB= 10V/2 16 = 10V/65536= 152|iV. 


Table III. Code Table for Figure 18 


Offset and gain may be adjusted in Figure 18 as follows : To ad- 
just offset, disconnect the V REF _ input from 0V, load the DAC 
with all 0s and adjust the V REF - voltage until V O ut = 0V. For 
gain adjustment, the AD7846 should be loaded with all Is and 
R1 adjusted until V OU t= 10(65535)/(65536) = 9.999847V. If a 
simple resistor divider is used to vary the V REF _ voltage, it is 
important that the temperature coefficients of these resistors 
match that of the DAC input resistance (-300ppm/°C). Other- 
wise, extra offset errors will be introduced over temperature. 
Many circuits will not require these offset and gain adjustments. 
In these circuits, Rl, can be omitted. Pin 5 of the AD586 may 
be left open circuit and Pin 8 (V REF _ ) of the AD7846 tied to 
0V. 
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+15V + 15V +5V 



Figure 19. Bipolar ± 10V Operation 


BIPOLAR OPERATION 

Figure 19 shows the AD7846 set up for ±10V bipolar operation. 
The AD588 provides precision ±5V tracking outputs which are 
fed to the V REF+ and V REF _ inputs of the AD7846. The code 
table for Figure 19 is shown in Table IV. 


Binary Number 
in DAC Latch 

Analog Output 

(Vqut) 

MSB LSB 

mi mi nil nil 
1000 0000 0000 0001 
1000 0000 0000 0000 
oni nil nil nil 
0000 0000 0000 0000 

+ 10 (32767/32768) V 
+ 10 (1/32768) V 

OV 

-10 (1/32768) V 
-10 (32768/32768) V 

NOTE 


1LSB = 10V/2 15 = 10V/32768 = 305jjlV. 

Table IV. Offset Binary Code Table for Figure 19 

Full scale and bipolar zero adjustment are provided by varying 
the gain and balance on the AD588. R2 varies the gain on the 
AD588 while R3 adjusts the +5V and -5V outputs together 
with respect to ground. 

For bipolar zero adjustment on the AD7846, load the DAC with 
100 . . . 000 and adjust R3 until V OUT = 0V. Full scale is ad- 
justed by loading the DAC with all Is and adjusting R2 until 
Vqut = 9.999694V. 

When bipolar zero and full scale adjustment are not needed, R2 
and R3 can be omitted, Pin 12 on the AD588 should be con- 
nected to Pin 11 and Pin 5 should be left floating. If a user 
wants a ±5V output range, there are two choices. By tying Pin 
6 (R in ) of the AD7846 to V OUT (Pin 5), the output stage gain is 
reduced to unity and the output range is ±5V. If only a positive 
+ 5 V reference is available, bipolar ± 5 V operation is still possi- 
ble. Tie V REF _ to 0V and connect R IN to V REF+ . This will also 
give a ±5V output range. However, the linearity, gain, and off- 
set error specifications will be the same as the unipolar 0 to 
+ 5V range. 

Other Output Voltage Ranges 

In some cases, users may require output voltage ranges other 
than those already mentioned. One example is systems which 


need the output voltage to be a whole number of millivolts (i.e. 
lmV, 2mV, etc.). If the AD689 (8.192V reference) is used with 
the AD7846 as in Figure 20, then the LSB size is 125|xV. This 
makes it possible to program whole millivolt values at the out- 
put. Table V shows the code table for Figure 20. 


+15V +5V 



Figure 20. Unipolar Output with AD689 


Binary Number 
in DAC Latch 

Analog Output 

(Vqut) 

MSB LSB 

mi ini nil nil 
1000 0000 0000 0000 
0000 0000 0000 1000 
0000 0000 0000 0100 
0000 0000 0000 0010 
0000 0000 0000 0001 

8.192V (65535/65536) = 8.1919V 
8.192V (32768/65536) = 4.096V 
8.192V (8/65536) = 0.001 V 
8.192V (4/65536) = 0.0005V 
8.192V (2/65536) = 0.00025V 
8.192V (1/65536) = 0.000125V 

NOTE 

1LSB = 8.192V/2 I6 = 125jjlV. 


Table V. Code Table for Figure 20 


Multiplying Operation 

The AD7846 is a full multiplying DAC. To get four-quadrant 
multiplication, tie V REF _ to 0V, apply the ac input to V REF+ 
and tie R IN to V REF+ . Figure 6 shows the Large Signal Fre- 
quency Response when the DAC is used in this fashion. 
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DC PARAMETRICS 



Figure 21. Digital Test System with 16-Bit Performance 


TEST APPLICATION 

Figure 21 shows the AD7846 in an Automatic Test Equipment 
application. The readback feature of the AD7846 is very useful 
in these systems. It allows the designer to eliminate phantom 
memory used for storing DAC contents and increases system 
reliability since the phantom memory is now effectively on chip 
with the DAC. The readback feature is used in the following 
manner to control a data transfer. First, write the desired 16-bit 
word to the DAC input latch using the CS and R/W inputs. 
Verify that correct data has been received by reading back the 
latch contents. Now, the d ata tran sfer can be completed by 
bringing the asynchronous LDAC control line low. The analog 
equivalent of the digital word now appears at the DAC output. 

In Figure 21, each pin on the Device Under Test can be an in- 
put or output. The AD345 is the pin driver for the digital in- 
puts, and the AD9687 is the receiver for the digital outputs. 

The digital control circuitry determines the signal timing and 
format. 

DACs 1 and 2 set the pin driver voltage levels (V H and V L ), 
and DACs 3 and 4 set the receiver voltage levels. The pin driv- 
ers used in ATE systems normally have a nonlinearity between 
input and output. The 16-bit resolution of the AD7846 allows 
compensation for these input/output nonlinearities. The dc para- 
metrics shown in Figure 21 measure the voltage at the device 
pin and feed this back to the system processor. The pin voltage 
can thus be fine-tuned by incrementing or decrementing DACs 
1 and 2 under system processor control.' 

POSITION MEASUREMENT APPLICATION 

Figure 22 shows the AD7846 in a position measurement applica- 
tion using an LVDT (Linear Variable Displacement 
Transducer), an AD630 synchronous demodulator and a com- 
parator to make a 16-bit LVDT-to-Digital Convertor. The 
LVDT is excited with a fixed frequency and fixed amplitude 


sine wave (usually 2.5kHz, 2V pk-pk). The outputs of the sec- 
ondary coil are in anti-phase and their relative amplitudes de- 
pend on the position of the core in the LVDT. The AD7846 
output interpolates between these two inputs in response to the 
DAC input code. The AD630 is set up so that it rectifies the 
DAC output signal. Thus, if the output of the DAC is in phase 
with the V REF+ input, the inverting input to the comparator 
will be positive, and if it is in phase with V REF _, the output will 
be negative. By turning on each bit of the DAC in succession 
starting with the MSB, and deciding to leave it on or turn it off 
based on the comparator output, a 16-bit measurement of the 
core position is obtained. 
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MICROPROCESSOR INTERFACING 
AD7846-8086 Interface 

Figure 23 shows the 8086 16-bit processor interfacing to the 
AD7846. The double bu ffering feature of the DAC is not 
used in this circuit since LDAC is permanently tied to 0V. 
AD0-AD15 (the 16-bit data bus) are connected to the DAC data 
bus (DB0-DB15). The 16-bit word is written to the DAC in one 
MOV instruction and the analog output responds immediately. 

In this example, the DAC address is D000H. 



Figure 23. AD7846 to 8086 Interface Circuit 


In a multiple DAC system, the double buffering of the AD7846 
allows the user to simultaneously update all DACs. In Figure 
24, a 16-bit word is loaded to the input latches of each of the 
DACs in se quenc e. T hen, wit h one instruction to the appropri- 
ate address, CS4 (i.e., LDAC) is brought low, updating all the 
DACs simultaneously. 



Figure 24. AD7846 to 8086 Interface: Multiple DAC System 

AD7846 to MC68000 Interface 

Interfacing between the AD7846 and MC68000 is accomplished 
using the circuit of Figure 25. The following routine writes data 
to the DAC latches and then outputs the data via the DAC 
latch. 


1000 MOVE.W #W, DO The desired DAC data, W, 

is loaded into Data Register 
0. W may be any value 
between 0 and 65535 
(decimal) or 0 and FFFF 
(hexadecimal). 

MOVE.W DO, $E000 The data, W, is transferred 
between DO and the DAC 
register. 

MOVE.W #228, D7 Control is returned to the 
System Monitor using these 

TRAP #14 two instructions. 



OMITTED FOR CLARITY 

Figure 25. AD7846 to MC68000 Interface 

DIGITAL FEEDTHROUGH 

In the preceding interface configurations, most digital inputs to 
the AD7846 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be con- 
stantly changing. The high frequency logic activity on the bus 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 26. AD7846 Interface Circuit Using Latches to Mini- 
mize Digital Feedthrough 

noise on the analog output. To minimize this Digital Feed- 
through isolate the DAC from the noise source. Figure 26 
shows an interface circuit which isolates the DAC from the bus. 
Note that to make use of the AD7846 readback feature using 
the isolation technique of Figure 26, the latch needs to be 
bidirectional. 
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APPLICATION HINTS 
Noise 

In high resolution systems, noise is often the limiting factor. 
With a 10 volt span, a 16-bit LSB is 152jjlV (-96dB). Thus, the 
noise floor must stay below -96dB in the frequency range of 
interest. Figure 7 shows the noise spectral density for the 
AD7846. 

Grounding 

As well as noise, the other prime consideration in high resolu- 
tion DAC systems is grounding. With an LSB size of 152|xV 
and a load current of 5mA, 1LSB of error can be introduced by 
series resistance of only 0.03fl. 

Figure 27 below shows recommended grounding for the 
AD7846 in a typical application. 



Figure 27. AD7846 Grounding 


R1 to R5 represent lead and track resistances on the printed cir- 
cuit board. R1 is the resistance between the Analog Power Sup- 
ply ground and the Signal Ground. Since current flowing in R1 
is very low (bias current of AD588 sense amplifier), the effect of 
RIJs negligible. R2 and R3 represent track resistance between 
the AD588 outputs and the AD7846 reference inputs. Because 
of the Force and Sense outputs on the AD588, these resistances 
will also have a negligible effect on accuracy. 

R4 is the resistance between the DAC output and the load. If 
R l is constant, then R4 will introduce a gain error only which 
can be trimmed out in the calibration cycle. R5 is the resistance 
between the load and the analog common. If the output voltage 
is sensed across the load, R5 will introduce a further gain error 
which can be trimmed out. If, on the other hand, the output 
voltage is sensed at the analog supply common, R5 appears as 
part of the load and therefore introduces no errors. 

Printed Circuit Board Layout 

Figure 28 shows the AD7846 in a typical application with the 
AD588 reference, producing an output analog voltage in the 
±10 volts range. Full scale and bipolar zero adjustment are pro- 
vided by potentiometers R2 and R3. Latches (2x74LS245) iso- 
late the DAC digital inputs from the active microprocessor bus 
and minimize digital feedthrough. 

The printed circuit board layout for Figure 28 is shown in Fig- 
ures 29 and 30. Figure 29 is the component side layout while 
Figure 30 is the solder side layout. The component overlay is 
shown in Figure 31. 

In the layout, the general grounding guidelines given in Figure 
27 are followed. The AD588 and AD7846 are as close as possi- 
ble, and the decoupling capacitors for these are also kept as 
close to the device pins as possible. 


+ 15V 
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Figure 29. PCB Component Side Layout for Figure 28 



Figure 30. PCB Solder Side Layout for Figure 28 
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ANALOG 

DEVICES 


LC 2 M0S 

Complete 12-BIT DAC with DSP Interface 


AD7848 


FEATURES 

Complete DAC with DSP Interface, Comprising: 

- 12-Bit Voltage Mode DAC 

- 3 V Zener Reference 

- Output Buffer Amplifier with 4 ps Settling Time 

- 8-Word FIFO and Interface Logic 
72 dB Signal-to-Noise Ratio 
Interfaces to High Speed DSP Processors, 

e.g., APSP-2100, TMS32010, TMS32020 
42 ns min WR Pulse Width 
Low Power - 95 mW max 

APPLICATIONS 
Digital Signal Processing 
Speech Synthesis 
High Speed Modems 

DSP Servo Control When Used with AD7878 


GENERAL DESCRIPTION 

The AD7848 is a fast, complete, 12-bit, voltage output D/A 
converter with a versatile DSP interface consisting of an 8-word, 
first-in, first-out (FIFO) memory and associated control logic. 

The FIFO memory allows up to eight samples to be loaded 
to the AD7848 at full microprocessor speed. The samples ] 

then loaded to the DAC register under control of an asynchro- 
nous LDAC signal. A fast data setup time of 21 ns allows 
direct interfacing to DSP processors and high speed 16-bit ii 
microprocessors. 7, 

An on-chip status/control register allows the user to program the 
effective length of the FIFO and contains FIFO empty, FIFO 
full and FIFO word count information. 

The analog output from the AD7848 provides a bipolar output 
range of ±3 V. Full power output signals up to 20 kHz can be 
created, and the AD7848 is fully specified for dynamic perfor- 
mance parameters such as signal-to-noise ratio and harmonic 
distortion. 

The AD7848 is fabricated in Linear Compatible CMOS 
(LC 2 MOS), an advanced, mixed technology, process that com- 
bines precision bipolar circuits with low power CMOS logic. 

The part is available in a 28-pin plastic and hermetic dual-in-line 
package (DIP) and in a 28-terminal plastic leaded chip carrier 
(PLCC). 


AD7848 FUNCTIONAL BLOCK DIAGRAM 



I/O BUFFERS AD7848 


PRODUCT HIGHLIGHTS 

L Complete D/A Function with DSP Interface 

The AD7848 provides the complete function for creating ac 
H 1jlk wip a k to 12-bit accuracy. The part features an on-chip refer- 
ence, an output buffer amplifier and 12-bit D/A converter, 
im the The additional feature of an 8-word FIFO reduces the high 

software overheads associated with servicing peripherals in 
DSP processors. 

. 27 Dynamic Specifications for DSP Users 

The AD7848 is fully specified and tested for ac parameters, 
including signal-to-noise ratio and harmonic distortion. Key 
digital timing parameters are also tested and specified over 
the full operating temperature range. 

3. Fast Microprocessor Interface 

Data setup times of 21 ns and write pulse widths of 42 ns 
make the AD7848 compatible with all modern 16-bit micro- 
processors and digital signal processors. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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QDirrinrATinMQ (v °° = 5 v± 5% ’ Vs$ = ~ 5 v ±5% ’ AGND = DGND = ov> REF IN = +3 v > Rl = 2 ka - 

OFLuIrlbAI I UNO C L = 100 pF, f CLK = 8 MHz. All Specifications T min to T max unless otherwise noted.) 



J) A 

K, L, B 

S 



Parameter 

Versions 1 

Versions 

Version 

Units 

Test Conditions/Comments 

DYNAMIC PERFORMANCE 2 






Signal to Noise Ratio 3 (SNR) (5/ +25°C 

70 

72 

70 

dB min 

Vqut = 1 kHz Sine Wave, f S AMPUE = 100 kHz 

T min to T max 

70 

71 

70 

dB min 

Typically 71.5 dB at +25°C for 0 <V oux < 20 kHz 4 

Total Harmonic Distortion (THD) 

-80 

-80 

-80 

dB max 

Vqut = 1 kHz Sine Wave, fsAMPLE = 100 kHz 
Typically -84 dB at ±25°C for 0 <V OUT <20 kHz 4 

Peak Harmonic or Spurious Noise 

-81 

-81 

-81 

dB max 

Vout = 1 kHz, fsAMPLE “ 100 kHz 

Typically -84 dB at +25°C for 0 <V OUT <20 kHz 4 

DC ACCURACY 






Resolution 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1 

LSB typ 


Differential Nonlinearity 

±1/2 

+ 1/2 

±1/2 

LSB typ 

Guaranteed Monotonic 

Bipolar Zero Error 

±5 

±5 

±5 

LSB max 


Positive Full Scale Error 5 

±5 

±5 

±5 

LSB max 


Negative Full Scale Error 5 

±5 

±5 

±5 

LSB max 


REFERENCE OUTPUT 6 






REF OUT 

3 

3 

3 

V nom 


REF OUT Error <& + 25°C 

T m i„ tO T max 

Reference Load Sensitivity 

±10 

±15 

±10 

±15 

±10 

±15 

mV max 
mV max 


(AREF OUT/AI) 

-1 

-1 ^ | 

-1 

mV max ± 

Reference Load Current Change (0-500 p,A) 

REFERENCE INPUT 





H. ■ 

Input Voltage 

2.85 

2.B5 1 

2.85 

V min , 



3.15 

3.15 : 

3.15 

V max 


Input Current 

50 1 ' " 

50 

50 

jxA max 


LOGIC INPUTS 






Input High Voltage, V INH 

2.4 

2.4 

2.4 

V min 

V DD = 5 V±5% 

Input Low Voltage, V INL 

0.8 1| 

.oo 

o 

0.8 

V max 

% V DD = 5 V±5% 

Input Current, I IN 

±10 

±10 

±10 

|. |xJ|ina^ 

V IN = 0 V to V DD 

Input Capacitance, C IN 7 

10 

10 

10 

pF max 


LOGIC OUTPUTS 






Output High Voltage, V OH 

2.7 

2.7 

2.7 

V min 

IsOURCE = 40 pA 

Output Low Voltage, V OL 

DB11-DB0 

0.4 

0.4 

0.4 

V max 

IsiNK = 1*0 m A 

Floating State Leakage Current 

10 

10 

10 

|xA max 


Floating State Output Capacitance 7 

15 

15 

15 

pF max 


ANALOG OUTPUT 






Output Voltage Range 

±3 

±3 

±3 

V nom 


DC Output Impedance 

0.1 

0.1 

0.1 

O typ 


Short Circuit Current 

20 

20 

20 

mA typ 


AC CHARACTERISTICS 7 






Voltage Output Settling Time 





Settling Time to Within ± 1/2 LSB of Final Value 

Positive Full-Scale Change 

4 


4 

p-s max 


Negative Full-Scale Change 

4 


4 

|xs max 


Digital to Analog Glitch Impulse 

10 


10 

nV secs typ 


Digital Feedthrough 

2 


2 

nV secs typ 


POWER REQUIREMENTS 






Vdd 

+ 5 

+ 5 

+5 

V nom 

±5% for Specified Performance 

V ss 

-5 

-5 

-5 

V nom 

±5% for Specified Performance 

Idd 

13 

13 

13 

mA max 

CS = DMWR = DMRD = 5 V 

Iss 

6 

6 

6 

mA max 

CS = DMWR = DMRD = 5 V 

Power Dissipation 

95 

95 

95 

mW max 

Typically 60 mW 


NOTES 

‘Temperature Ranges are as follows: J, K, L Versions, 0 to +70°C; A, B Versions, -25°C to +85°C; S Version; -55°C to + 125°C. 

2 V OU t (pk-pk) = ±3 V. 

3 SNR includes distortion and noise components. 

4 Using external sample-and-hold (see Testing the AD7848). 

5 Measured with respect to REF IN and includes bipolar offset error. 

6 For Capacitive Loads greater than 50 pF a series resistor is required (see INTERNAL REFERENCE section). 

7 Sample Tested (a +25°C to ensure compliance. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7848 


TIMING CHARACTERISTICS 1 (v DD = +5 v±s%, v ss = -5 v±s%, agnd=dgnd=o v> 



This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Pin 

No. 


Pin 

Mnemonic Function 


PIN FUNCTION DESCRIPTION 


1 ADDO 

2 CS 

3 DMWR 

4 DMRD 

5 LDAC 

6 ALMT 

7 DGND 

8 V DD 

9-20 DB11-DB0 

21 V DD 

22 AGND 

23 Vqut 

24 V ss 

25 REF OUT 

26 REF IN 

27 RESET 

28 CLK IN 


Address Input. This input determines whether the word on the data bus during a write operation is loaded 
to the FIFO RAM or to the status/control register. A logic low selects the FIFO memory, while a logic 
high selects the status/control register (see Status/Control Register section). 

Chip Select. Active low logic input. The device is selected when this input is active. 

Data Memory Write. Active low logic input. DMWR is used in conjunct ion with CS to write data to^ either 
the FIFO memory or the status/control register. Corresponds directly to DMWR (ADSP-2100), R/W 
(MC68000, TMS32020), WE (TMS32010). 

Data Memory Read. Active low logic input. DMR D is use d in conjunctio n with CS low to access data from 
the status/control register. Corresponds directly to DMRD (ADSP-2100), DEN (TMS32010). 

Load DAC. Logic input. A ne w word is loaded to the DAC register from FIFO memory Location 0 on the 
falling edge of this signal. The LDAC input is asynchronous to CLK IN and is independent of CS, 

DMWR and DMRD. 


FIFO Almost Empty. A logic low indicates that the word count (i.e., number of data words in the FIFO) 
has reache d the pr ogrammed almo st empt y word count in the status/control register. ALMT is updated 
after every LD AC oper ation. The ALMT output can be disabled (i.e., set to a logic high) by writing a 
logic 1 to DB7 (ENAL) of the status/control register. 

Digital Ground. Ground reference for digital circuitry. 

Positive Supply Voltage, +5 V ± 5%. 


Data Bit 11 (MSB) to DBO (LSB), 

2s complement. , Ig^ tl 

Positive Supply Voltage, +5 V ±5%. Sam< 


Analog Ground* Ground reference for 

Analog Output Voltage. This is 
IN = +3 V). 1| V 

Negative Supply Voltage, -5 V± 5% 



'outputs. Coding for data words is assumed to be 


id output buffer amplifier, 
fer amplifier output voltage. Bipolar output range (±3 V with REF 



Voltage Reference Output. The internal v analog reference is provided at this pin. To operate the 
AD7848 with internal reference, REF OUT should be connected to REF IN. The external load capability 
of the reference is 500 \xA. 


Voltage Reference Input. The reference voltage for the DAC is applied to this pin. It is internally buffered 
before being applied to the DAC. The nominal reference voltage for correct operation of the AD7848 is 
3 V. 


Reset. Active low logic input. A logic low clears the words in the FIFO memory and the contents of the 
DAC register to 1000 0000 0000 and resets the status/control register and control logic. 

Clock Input. TTL-compatible logic input. Used as the clock source for all internal dynamic logic and pro- 
vides synchronization during bus transactions. The mark/space ratio of this clock can vary from 35/65 to 
65/35. 


DIP 


PIN CONFIGURATIONS 

PLCC 


ADDO fT~ 

• 

1T|clkin 

csfjT 


~zt\ RESET 

DMWR |~3~ 


~26~| REFIN 

DMRD [~4~ 


~2s] REF OUT 

LDACpT 


2±]V 8S 

ALMT [~6~ 


IEKu t 

DGND |~7~ 

AD7848 

3 AGND 

V 0 d | 8 

TOP VIEW 
(Not to Scale) 

iD V oo 

DB11 [~9~ 


3 DBO 

dbioJjkT 


~19~| DB1 

DBofTT 


~18~|PB2 

DB8 [~12~ 


"l7~| DB3 

DB7QT 


16~|PB4 

DBepr 


~15~[ DB5 



This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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STATUS/CONTROL REGISTER 

The status/control register serves the dual function of providing 
control and monitoring the status of the FIFO memory. This 
register is directly accessible through the data bus (DB11-DB0) 
with a read or a write operation when ADDO is high. A write 
operation to the status/control register provides control for the 
ALMT output, DAC register updates and FIFO word count 
reset. This is normally done on power-up initialization. The 
FIFO memory address pointer is decremented after every DAC 


ALMT is set when Location 0 through Location 3 of the FIFO 
memory contain valid data. AEC2 is the most significant bit of 
the word count. The count value can be read back if required. 

DB7 (ENAL) 

Enable A lmost E mpty. Read/Write. Writing a 1 to this bit dis- 
ables the ALMT output and status/control register bit DB11. 

DB6 (FFUL/RESET) 

FIFO Full/Reset. Read/Write. Reading a 0 from this bit indi- 


register update and this pointer is compared with a prepro- cates that there are 8 words in the FIFO memory (i.e., the 

grammed count in the status/co ntrol reg ister. When this prepro- FIFO is full). Writing a 1 to this bit location will cause a system 

gramm ed count is reached, the ALM T outpu t is asserted if the reset as per the RESET input (Pin 27). 


ENAL control bit is set to zero. This ALMT can be used to 
interrupt the microprocessor after any predetermined number of 
DAC register updates (between 1 and 8). The status of the 
address pointer, along with FIFO underflow, FIFO empty and 
ALMT status can be accessed at any time by reading the 
status/control register. Note, reading from the status/control 
register does not cause any internal movement in the FIFO 


STATUS/CONTROL REGISTER FUNCTION 
DESCRIPTION DB11 (ALMT) 

Almost E mpty Flag. Read only. This is the same as the Pin 6 
(ALMT output) status. A logic low indicates that the word 
count in the FIFO memory has reached the prep rogrammed 
word count in bit loc ations DB1 Q-DB8. ALMT is Updated at 
the end of an LDAC operation. ALMT is active following a 
device reset because both the FIFO word count and the almos 
empty word count are 000. 

DB10-DB8 (AEC2-AEC0) 


vf II V 

f 1 1 

he Pin 6 | 

word 
ammed 
•dated at 


DB5 (LDAC) 

Load DAC. Write only. Writing a 0 to this location causes the 
sample in Location 0 of the FIFO to be loaded into the DAC 
register. The function of this bit is the same as the LDAC input 
(Pin 5). 

DB4 (FEMP) , 

FIFO Empty. Read only. Reading a 1 indicates that there are 
no words in FIFO memory. When the FIFO is empty, any fur- 
ther LDAC operations will continue to update the DAC register 
with the contents of Location 0 of the FIFO. 

. ipg PtofD) 

FIFO Underflow. Read only. If the FIFO memory is empty and 
further DAC register u pdates o ccur, then this bit is set to a 1 . It 
will remain set until an LDAC operation occurs with valid data 
in FIFO Location 0. 

®324>B0 (FCN2-FCN0) 

FIFO Word Count. Read only. The value read from these bits 
indicates the number of words in FIFO memory. For example, 


Almost Empty Word Count. Read/Write. The count value reading Oil from these bits indicates that Location 0 through 

determines the number of words in the FIFO memory which Location 3 contain valid data. Note, reading all Os indicates that 

will cause ALMT to be set. When the FIFO word coun t equals there is either one word or no word in the FIFO memory; in 
the programmed count in these three bits then both the ALMT this case, the FIFO Empty bit determines if there is no word in 

output and DB11 of the status/control register are set to a logic memory. FCN2 is the most significant bit of the word count, 

low. For example, when a code of Oil is written to these bits, 



ORDERING INFORMATION 1 


Signal-to- 

Data Access 

Temperature Range and Package Options 2 

Noise Ratio 

Time 

0 to +70°C 

— 25°C to 4-85°C 

-55°C to +125°C 



Plastic DIP (N-28) 

Hermetic DIP (Q-28) 3 

Hermetic DIP (Q-28) 3 

70 dB 

57 ns 

AD7848JN 

AD7848AQ 

AD7848SQ 4 

72 dB 

57 ns 

AD7848KN 

AD7848BQ 


72 dB 

41 ns 

AD7848LN 





PLCC 5 



70 dB 

57 ns 

AD7848JP 



72 dB 

57 ns 

AD7848KP 



72 dB 

41 ns 

AD7848LP 




NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. Contact our local sales office for military data sheet. 
2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship either ceramic (D-28) packages or cerdip (Q-28) hermetic packages. 

4 Available to /883B processing only. 

5 PLCC: Plastic Leaded Chip Carrier. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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INTERNAL FIFO MEMORY 

The internal FIFO memory of the AD7848 consists of eight 
memory locations, each memory location 12 bits wide. A block 
diagram of the AD7848 FIFO architecture is shown in Figure 3. 

Data is loaded to the FIFO under control of CS and DMWR. 
The FIFO Address Pointer always points to the top of memory, 
i.e., the uppermost location which contains valid data. This 
pointer is incremented when a new word is loaded to the FIFO 
from the data bus. Data is loaded from th e FIFO to the DAC 
register under control of an asynchronous LDAC signal. When 
LDAC is asserted, the data contained in the bottom location of 
the FIFO (Location 0) is transferred to the DAC register. On 
completion of this transfer operation, each word in the FIFO 
moves down one location and the Address Pointer is decre- 
mented by one. Therefore, each data word enters at the top of 
memory, propagates down with successive LDAC operations 
until it reaches Location 0 from where it can be transferred to 
the DAC register. 





1 !7 

V 

LOCATION 1 

LOCATION 6 

1 1 

LOCATION 5 

TO? * 

LOCATION 4 


Location 3 


LOCATION 2 


LOCATION 1 

'ft, II 

LOCATION 0 

BOTTOM 



DAC REGISTER | | 


DMWR DMRD CS 

Figure 3. Internal FIFO Architecuture 

The propagation of data words down the FIFO occurs in syn- 
chronization with the AD7848 input clock (CLK IN). As a 
result, a write operation to the FIFO memory must also be syn- 
chronous with CLK IN to avoid input/output conflicts in the 
FIFO (i.e., writing to the FIFO while the FIFO data words are 
rippling down after a DAC register update). This requires that 
the microprocessor clock and the AD7848 CLK IN are derived 
from the same source. 

D/A SECTION 

The AD7848 contains a 12-bit, voltage output D/A converter 
consisting of highly stable thin film resistors and high speed 
NMOS single pole, double throw switches. The simplified cir- 
cuit diagram for the DAC section is shown in Figure 4. The 
three MSBs of the data word are decoded to drive the seven 
switches A-G. The 9 LSBs switch a 9-bit R-2R ladder structure. 
The output voltage from this converter has the same polarity as 
the reference voltage, REF IN. 



Figure 4. DAC Ladder Structure 

INTERNAL REFERENCE 

The AD7848 has an on-chip temperature compensated buried 
Zener reference (see Figure 5) which is factory trimmed to 3 V 
±10 mV. The reference voltage is provided at the REF OUT 
pin. This reference can be used to provide both the reference 
voltage for the D/A converter and the bipolar bias circuitry. 

This is achieved by connecting the REF OUT pin to the REF 
IN pin of the device. 

The reference voltage can also be used as a reference for other 
components in the system and is capable of providing up to 
r A to an external load. The maximum recommended capac- 
:e on REF OUT for normal operation is 50 pF. If the refer- 
is required for external use, it should be decoupled with a 
^ ‘stor in series with a parallel combination of a 10 jxF 
itbr and a 0. 1 |xF ceramic capacitor. 



AD7848 


TEMPERATURE 

COMPENSATION 



O" 

REF OUT 

Figure 5. Internal Reference 
EXTERNAL REFERENCE 

In some applications, the user may require a system reference or 
some other external reference to drive the AD7848 reference 
input. Figure 6 shows how the AD586 5 V reference can be 
conditioned to provide the 3 V reference required by the 
AD7848 REF IN. An alternate source of reference voltage for 
the AD7848 in systems which use both a DAC and an ADC is 
to use the REF OUT voltage of an ADC such as the AD7878 or 
AD7870. 


The REF IN voltage is internally buffered by a unity gain 
amplifier before being applied to the D/A converter and the 
bipolar bias circuitry. The D/A converter is configured and 
scaled for a 3 V reference and the device is tested with 3 V 
applied to REF IN. Operating the AD7848 at reference voltages 
outside the ±5% tolerance range may result in degraded perfor- 
mance from the part. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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DAC Latch Contents 
MSB LSB 

Analog Output, V oux * 

oin mi mi 

+2.998535 V 

oni nil mo 

+2.99707 V 

0000 0000 0001 

+0.001465 V 

0000 0000 0000 

0 V 

nil nil mi 

-0.001465 V 

1000 0000 0001 

-2.998535 V 

1000 0000 0000 

-3 V 


* ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 6. AD586 Driving AD7848 REF IN 

OP AMP SECTION 

The output from the converter is buffered by a noninverting 
amplifier. Internal scaling resistors on the AD7848 configure the 
output voltage for ±3 V from an input reference voltage of 
+3 V. Figure 4 shows the arrangement of these resistors around 
the output op amp. The buffer amplifier is capable of develop- 
ing ± 3 V across a 2 kfl and 100 pF load to ipxmhd and can 
produce 6 V peak-to-peak sine wave signals up to ^frequency of 
20 kHz. 

The output is updated on the falling edge of the LDAC input. 
For a software DAC update, the output is updated on the next 
rising clock edge after receiving a software LDAC. The ampli- 
fier settles to within 1/2 LSB of its final vlftie in typicall^ Iess 
than 2 ps. 1 

TRANSFER FUNCTION 

The basic circuit configuration for the AD7848 is shown in Fig- 
ure 7. Table II shows the ideal input code to output voltage 
relationship for this configuration. Input coding to the DAC is 
2s complement with 1 LSB=FS/4096=6 V/4096= 1.465 mV. 
The output voltage, V OUT , can be expressed in terms of the 
input code, N, using the following relationship: 

2 • N • FIE FIN 

v 0UT = 2048<N< + 2047 


♦Assuming REF IN = +3 V. 

Table II. Ideal Input/Output Code Table 

READ/WRITE OPERATIONS 

The AD7848 read/write operations consist of writing to the 
FIFO memory and status/control register and reading from the 
status/contro l register. These operations are controlled by the 
CS, DMWR, DMRD and ADDO logic inputs. 


j| H write operatio n^ the A D7848 FIFO memory consists of 
bringing CS and DMWR low with ADDO low. Internally, these 

S is are gated with CLK IN to provide an INTERNAL 

FE sigrtal (see Figure 8). The pulse width of this INTER- 
WRITE signal is effect ively the overlap between the CLK 
JDjUkraflfcne and the CS and DMWR pulses. This may result in 
shorter write pulse widths, setup times and data hold times than 
those given by a microprocessor. The timing on the AD7848 
timing diagram of Figure 9 is therefore given with respect to the 
INTERNAL WRITE signal rather than the DMWR signal. A 
similar situation exists for writing information to the AD7848 
status/control register. A write oper ation to t he status/control 
register consists of bringing CS and DMWR low with ADDO 
high. 


EQUIVALENT CCT ONLY 
" ASSUME 0 ns PROP DELAY 



) ► TO 

' STATUS/CONTROL 
REGISTER 


Figure 8. DMWR Internal Logic 


•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 7. Basic Connection Diagram 
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Testing the AD7848 

The method used to test the dynamic performance specifications 
is outlined in Figure 11. Data is loaded to the AD7848 under 
control of the microcontroller and associated logic. The output 
of the AD7848 is applied to a 9th order low pass filter. The out- 
put of the filter is in turn applied to a 14-bit accurate digitizer. 
This samples the signal and the microcontroller generates an 
FFT plot from which the dynamic performance of the AD7848 
can be evaluated. 


Figure 9. AD7848 Write Operation 
Read Operation 

Figure 10 shows the timing diagram for a read op eration f rom 
the status/control register of the AD7848. CS and DMRD going 
low accesses data from the status/control register. Status infor- 
mation for a particular word should be read before the word is 
transferred to the DAC register. 



Figure 1 1. AD7848 Dynamic Performance Test Circuit 



The digitizer’s sampling is synchronized with the AD7848 
update rate to ease FFT calculations. The digitizer samples the 
AD7848 after the output has settled to its new value. Therefore, 
if the digitizer was to sample the output directly, it would effec- 
tively be sampling a dc value each time. As a result, the 
4ynatni c performance of the AD7848 would not be measured 
correctly. Using the digitizer directly on the AD7848 output 
would give better results than the actual performance of the 
AD7848. Using a filter between the DAC and the digitizer 

tizer samples a continuously moving signal 
lamic performance of the AD7848 is measured. 


Figure 10. AD7848 Read Operation 


UPDATING THE DAC OUTPUT 

The DAC output on the AD7848 can be updated under soft- 
ware or hardware control . For h ardware control, the output is 
updated by asserting the LDAC input; for software control, 
writing a 0 to DB5 of the status/control register updates the 
output. 


The LDAC input is an asynchronous input which is indepen- 
dent of either the DAC or DSP clocks. This is essential for 
applications where precise sampling in time is important. In 
these applications, the signal update must occur at exactly equal 
intervals to minimize e rrors du e to updating uncertainty or jit- 
ter. In these cases, the LDAC input is driven from a timer or 
some precise clock source. 



In applications where precise sampling is not critical, the LDAC 
pulse can be generated from a microprocessor WR line gated 
with a dec oded ad dress (different to the AD7848 CS address). 
Note, the LDAC input must stay low for at least 1.5 CLK IN 
cycles. 

The alternative method for updating the DAC output is a soft- 
ware update which is achieved by writing a 0 to DB5 of the sta- 
tus/control register. In this case, the DAC register is updated on 
the next rising clock edge of CLK IN. Continuous DAC register 
updates do not take place when there is a 0 in DB5. The update 
only occurs on th e next f alling CLK IN edge after the 0 is writ- 
ten to DB5. The LDAC input (Pin 5) should be tied high for 
software control of the DAC update. 


Figure 12. Sample-and-Hold Circuit 

Some applications will require improved performance versus 
frequency from the AD7848. In these applications, a simple 
sample-and-hold circuit such as that outlined in Figure 12 will 
extend the very good performance of the AD7848 to 20 kHz. 
Other applications will already have an inherent sample-and- 
hold function following the AD7848. An example of this type of 
application is driving a switched-capacitor filter where the 
updating of the DAC is synchronized with the switched- 
capacitor filter. This inherent sample-and-hold function also 
extends the frequency range performancce of the AD7848. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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ANALOG 

DEVICES 


Monolithic Video 
D/A Converter 

AD9700 



FEATURES 

Update Rates to 125MHz 
Low Glitch Energy 
Complete Composite Inputs 
On-Chip Reference Voltage 
Single -5.2V Power Supply 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 


GENERAL DESCRIPTION 

The AD9700 digital-to-analog converter is a monolithic device 
capable of accepting eight bits of digital data at update rates as 
high as 125MHz. On-chip registers on the data lines help minimize 
“glitches” in the output signal. 

Incorporating the AD9700 into system designs is eased by its 
blanking, sync, 10% brightness, and reference white control 
signals. An on-board reference eliminates the need for external 
circuits, making it considerably easier to design the AD9700 
into high-speed applications than it is for converters which do 
not have this feature. 

The unit is housed in a 22-pin package; operates from a single 
-5.2V power supply; and dissipates only 650mW, making this 
the smallest, lowest power D/A converter available to design 
engineers who need true “graphics ready” converters for raster 
scan, color graphics, and other high-speed systems. 

This device is a natural extension of the Analog Devices advanced 
technology that produced the first hybrid converters which 
included composite capabilities. Like the earlier HDG-Series 
D/A converters, the AD9700 is designed to have general output 
compatibility with EIA Standards RS-170 and RS-343. 



Five versions of the AD9700 are available. The AD9700BW 
(non-hermetic) and AD9700BD (hermetic) are DIP units operating 
over a temperature range of -25°C to +85°C; the hermetic 
DIP AD9700SD is for use over a temperature range of - 55°C 
to 4 - 125°C. The AD9700BE and AD9700SE are leadless chip 
carrier (LCC) devices for temperature ranges of - 25°C to 4 - 85°C 
and -55°C to + 125°C, respectively. 
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SPECIFICATIONS 


(typical @ +25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

AD9700BD/BW 1 

AD9700SD 2 

RESOLUTION 

Bits 

8 

* 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Voltage (adjustable) 

mV 

2.5 

★ 

Current (adjustable) 

m-a 

67 

* 

ACCURACY (GS - Gray Scale; FS = Full Scale) 
Linearity 

±%GS 

0.2 

* 

Differential Linearity 

±%GS,max 

0.2 

* 

Integral Linearity 

±%GS,max 

0.2 

* 

Zero Offset (Initial) Voltage 

mV (max) 

0.3 (0.9) 

★ 

Monotonicity 


Guaranteed 

* 

TEMPERATURE COEFFICIENTS 

Linearity 

ppm/°C (max) 

15 

*(30) 

Gain 

ppm/°C (max) 

50 

*(125) 

Zero Offset 

ppm/°C (max) 

10 

*(15) 

DYNAMIC CHARACTERISTICS - GRAY 

SCALE OUTPUT 3 

Settling Time to 0.4% GS; 

0V to 637. 5m V GS change 

Voltage 

ns (max) 

10(12) 


Update Rate 4 

MHz (min) 

125(100) 

* 

Slew Rate 

V/jcs 

300 

* 

Rise Time 

ns 

2 

* 

Glitch Impulse 5 

pV-s 

80 


DIGITAL DATA INPUTS 

Logic Compatibility 


ECL 6 

* 

Coding 


Complementary Binary (CBN) 

* 

Logic Levels 
“1" 

V (min/max) 

— 0.9(— 1.1./— 0.6) 

★ 

“0” 

V (min/max) 

-1.7(— 2.0/-1.5) 

* 

Loading (each bit) 


5pF and 50kfl to - 5.2V 

★ 

STROBE INPUT 

Logic Compatibility 


ECL 6 

★ 

Logic Levels 
“1” 

V (min/max) 

— 0.9( — 1.1/ — 0.6) 

it 

“0” 

V (min/max) 

— 1.7 ( — 2.0/ — 1.5) 

★ 

Loading 


5pF and 50kfl to - 5.2V 

★ 

Setup Time (Data) 

ns, min 

2.5 

★ 

Hold Time (Data) 

ns, min 

1.5 

* 

Propagation Delay 

ns (max) 

4(5) 

★ 

10% BRIGHT, REFERENCE WHITE, 
COMPOSITE SYNC, AND COMPOSITE 
BLANKING INPUTS 

Logic Compatibility 


ECL 6 

★ 

Logic Levels 

“r 

V (min/max) 

— 0.9(— 1.1/ -0.6) 

★ 

“0” 

V (min/max) 

- 1 .7 ( — 2.0/ — 1.5) 

★ 

Loading 


5pF and 50kfl to - 5 . 2 V 

★ 

SPEED PERFORMANCE - CONTROL INPUTS 
Settling Time to 10% of Final Value for: 

10% Bright 

ns, max 

10 

★ 

Reference White 

ns, max 

10 

★ 

Composite Sync 

ns, max 

10 

it 

Composite Blanking 

ns, max 

10 

it 

SETUP CONTROL 

Ground 

mV (IRE Units) 

0(0) 

★ 

Open 

mV (IRE Units) 

53.25(7.5) 

* 

lk to -5.2V 

mV (IRE Units) 

71(10) 

it 

-5.2V 

mV (IRE Units) 

142(20) 

it 

ANALOG OUTPUT 

GS Current 7 

mA 

0 to - 17 

it 

GS Voltage 8 

mV ( ± 1%) 

0 to -637.5 

it 

Compliance 

V 

-1.2 to +0.1 

* 

Internal Impedance 

n (min/max) 

800(680/920) 

it 

REFERENCE WHITE 9 

Current 

Logic “1” 

mA ( ± 5%) 

Normal Operation 

. 

Logic “0” 

mA ( ± 3%) 

Oor -1.9 

* 

Voltage 

Logic “1” 

mV (±3%) 

Normal Operation 

* 

Logic “0” 

mV (±3%) 

Oor -71 

it 

10% BRIGHT 10 

Current 

Logic “1” 

mA ( ± 5%) 

-1.9 


Logic “0” 

mA ( ± 5%) 

0 

* 

Voltage 

Logic “1” 

mV (±5%) 

-71 

* 

Logic “0” 

mV (±5%) 

0 

* 
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Parameter 

Units 

AD9700BD/BW 1 

AD9700SD 2 

COMPOSITE SYNC 10 ’" 

Current 

Logic “1” 

mA ( ± 5%) 

0 

* 

Logic “0” 

mA ( ± 5%) 

-7.6 

★ 

Voltage 

Logic “1” 

mV (±5%) 

0 

* 

Logic “0” 

mV (±5%) 

-285 

* 

COMPOSITE BLANKING 10,11 

(Assumes Setup is Open, Which is 
Equivalent to 7. 5 IRE Units) 

Current 

Logic “1” 

mA ( ± 5%) 

0 


Logic “0” 

mA ( ± 5%) 

-1.4 

* 

Voltage 

Logic “1” 

mV (±5%) 

0 

* 

Logic “0” 

mV (±5%) 

-53.25 

* 

VOLTAGE REFERENCE TOLERANCE 
(Deviation from Nominal - 1.26V) 

mV (max) 

± 20 ( ± 60) 

* 

POWER REQUIREMENTS 
-5.2V ±0.25V 

mA (max) 

125 (155) 12 

125 (155) 12 

Power Supply Rejection Ratio 

%/V 

0.025/0.25 

* 

Power Dissipation 

mW (max) 

650(728) 

* 

TEMPERATURE RANGE 

Operating (Case) 

°C 

-25 to +85 

-55to + 125 

Storage 

°C 

-55to + 150 

* 

THERMAL RESISTANCE 13 

Junction to Air, 0ja (Free Air) 

°C/W, max 

55 

* 

Junction to Case, 0jc 

°C/W, max 

15 

* 

MTBF 14 

Mean Time Between Failures 

Hours 

1.95 x10 s 

* 

PACKAGE OPTIONS 1 5 

Ceramic (D-22) 


AD9700BD 

AD9700SD 

Cerdip (Q-22) 


AD9700BW 

AD9700BD 

AD9700SD 

LCC (E-28A) 


AD9700BE 

AD9700SE 


For applications assistance, phone (919) 668-9511. 


NOTES 

'Electrical specifications for AD9700BE same as AD9700BD/BW. 

2 Electrical specifications for AD9700SE same as AD9700SD. 

Settling to GS percentage includes FS and MSB transitions. 

Inherent 3ns register delay (50% points) is not included. 

4 Minimum update rate limited by full-scale settling time for eight bits. 

Unit can be updated to 125MHz. 
s Glitch can be reduced with glitch adjustment. 

6 See Figure 2 for operation with TTL logic. 

7 FS current = GS current + video functions = 30mA. 

8 LSB value of 2.5mV used for calibration. This causes Gray Scale output to 
to be 637. 5mV rather than 643mV shown in idealized composite waveform 
elsewhere in this data sheet; both values are well within the output and EIA 
Standard RS-170 tolerances. I 0 ut = (1 .26/Rskt) * 4 w hen R SEX = 30011. 
"Ef fect on analog out put of logic “0” at Reference White input depends on signal 

at 10% Bright input (see Tab le I). 

10 10% Bright, Composite Sync, and Composite Blanking outputs shown add to 
Gray Scale analo g o utput at Pin 13. 

" Composite Sync or Composite Blanking control signals reset input registers. 
Com posite Sync or Co mposite Blanking should not be operated simultaneously 
with Reference White. 

"Maximums shown are at temperature extremes. 

"Maximum junction temperature = + 150°C. 

"Calculated using MIL HNBK-217; Ground Fixed; +25°C Ambient. 

"See Section 14 for package outline information. 

♦Specifications same as AD9700BD/BW. 

Specifications subject to change without notice. 


PIN CONFIGURATIONS 

MODELS AD9700BD, AD9700BW, and AD9700SD 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

12 

GROUND 

2 

-5.2V 

13 

OUTPUT 

3 

BIT 1 (MSB) 

14 

CURRENT SET 

4 

BIT 2 

15 

COMPENSATION 

5 

BIT 3 

16 

REFERENCE WHITE 

6 

BIT 4 

17 

COMPOSITE SYNC 

7 

BIT 5 

18 

COMPOSITE BLANKING 

8 

BIT 6 

19 

10% BRIGHT 

9 

BIT 7 

20 

GLITCH ADJUST 

10 

BIT 8 (LSB) 

21 

SETUP 

11 

STROBE 

22 

GROUND 


NOTE : CONNECT PINS 1,12, AND 22 TOGETHER AND TO 
GROUND AS CLOSE TO CASE AS POSSIBLE. 


MODELS AD9700BE, AD9700SE 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

15 

GROUND 

2 

GROUND 

16 

OUTPUT 

3 

GROUND 

17 

-5.2V 

4 

-5.2V 

18 

CURRENT SET 

5 

BIT 1 (MSB) 

19 

COMPENSATION 

6 

BIT 2 

20 

REFERENCE WHITE 

7 

BIT 3 

21 

COMPOSITE SYNC 

8 

BIT 4 

22 

NO CONNECTION 

9 

BIT 5 

23 

COMPOSITE BLANKING 

10 

BIT 6 

24 

10% BRIGHT 

11 

BIT 7 

25 

GLITCH ADJUST 

12 

BIT 8 

26 

SETUP 

13 

STROBE 

27 

-5.2V 

14 

NC 

28 

Vbb 


NOTE: CONNECT PINS 1 , 2. 3, AND 15 TOGETHER AND TO 
GROUND AS CLOSE TO CASE AS POSSIBLE. 



Idealized Composite Output Waveform 
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DIGITAL INPUTS VS. ANALOG OUTPUT 


Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

10% 

Ref. 

Comp. 

Comp. 

Analog 

1 

2 

3 

4 

5 

6 

7 

8 

Bright 

White 

Blanking 

Sync 

Output (mV) 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-71 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-320 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-637.5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

-708.5 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

1 

1 

0 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

-71 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-637.50 1 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-690.75 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-708.50 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-779.50 4 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-922.50'* 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-975.75 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-993.50 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

- 1064.50 4 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

-993.50' 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1046.75 2 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1064.50 3 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1135.50 4 


NOTES 

‘Setup (Pin 21) grounded (0 IRE units). 3 Setup (Pin 21) to -5.2V through lk (10 IRE units). 

2 Setup (Pin 2 1) open (7.5 IRE units). 4 Setup (Pin 21) to - 5.2V (20 IRE units). 

Analog output values shown are based on LSB value of 2.5mV used for ease of calibration; this causes Gray Scale output to be 637. 5mV rather than 643mV shown 
elsewhere in this data sheet in sketch of idealized composite output. Both values are well within the output and EIA Standard RS-1 70 tolerances. 

Table I. 


USING AD9700 AS RASTER SCAN D/A 

Refer to the block diagram of the AD9700 D/A converter. 

The digital input bits represent the Gray Scale value of the 256 
(2 8 ) discrete levels between Reference Black and Reference 
White in a composite video signal, and are applied to Pins 3 
through 10. 

The output analog signal (at Pin 13) will be a function of these 
digital inputs. The output will also be affected by the ECL 
levels at the con trol i nputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals can be illustrated in a 
truth table format if arbitrary values are assigned for Gray scale 
inputs and various combinations of control inputs are selected. 

Refer to Table I. 

As the footnote to this figure points out, the full-scale ( - 637. 5mV) 
output of the AD9700 is different from the - 643mV output of 
the idealized composite waveform shown elsewhere in this data 
sheet. The reason for this discrepancy is Analog Devices’ use of 
2.5mV for the value of the LSB; that choice of LSB weighting 
eases calibration of the converter. The disparity does not cause 
any problems in using the device, since both values are well 
within the tolerances of the output and the RS-1 70 standard. 

Referring again to the block diagram, the Strobe input applied 
to the AD9700 clocks the input registers when the strobe signal 
makes the transition from a logic “0” to a logic “1”. The purpose 
of the registers is to remove time skew from the digital input 
bits and minimize pertubations or “glitches” in the analog output 
signal. 

The signal applied to the Reference White input sets the input 
registers, thereby overriding the video input word. When this 
occurs, the analog output of the AD9 700 goes to 0 V or to - 71mV, 
depending upon whether or not the 10% Bright signal is also 
operated. 

A logic “ 0” applied to either the Composite Sync or Composite 
Blanking input will reset the input registers to 00000000. The 
analog output at Pin 13 will be -922.5mV (-637.5mV plus 
- 285m V) if the Composite Sync input is operated; this is not 
affected by the value of IRE units at the setup input. 


When Composite Blanking is operated, the analog output will 
go to its full-scale value of -637.5mV plus some additional 
amount, as determined by the voltage at setup. The -53.25mV 
example used in the specifications section of the data sheet is 
based on the setup input floating, which is equivalent to 7.5 
IRE units. (For this example, the analog output would be 
690.75mV.) 

The internal voltage reference shown in the block diagram is a 
bandgap type. Including this reference within the converter 
eliminates the need for external circuits, making it markedly 
easier to design the AD9700 into various applications. The 
internal precision reference also provides superior power supply 
rejection and gain tempco. 

Details on the connections for using the AD9700 in composite 
video applications are shown in Figure 1 . 



*RlOAD - BlADDDER II ^TERMINATION 


Figure 1. AD9700 D/A Connections 
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The value of R S et can be established by using the first of the 
two equations which are part of the connection illustration; in 
the formula, the 1.26 volts is the reference voltage. When that 
voltage is divided by the desired Gray Scale current, the value 
which results is approximately one-fourth the resistance of 
Rset- 

The resistance of Rset? in turn, can be used in the calculation 
of analog output voltage when the AD9700 is operating as a 
raster scan D/A converter. The full-scale current of the device is 
the Gray Scale current plus the video functions, and is specified 
at 30mA total. The user needs to keep that number in mind to 
assure that the AD9700 is utilized correctly in circuit designs. 

In some instances, the user may be driving a lighter load than 
the coaxial cable shown in Figure 1 and prefers to operate with 
lower power dissipation than that in high speed raster scan use. 
For these situations, the value of Rset can be doubled, which 
halves the output current while still maintaining a useable current 
drive from the converter. Power dissipation would be reduced 
approximately 75mW; the trade-off to obtain this is a decrease 
in the speed of the AD9700 and a lengthening of settling time. 

Ground pins 1, 12, and 22 are shown connected together and to 
ground near the unit; this is the recommended procedure for 
obtaining optimum performance, especially in high-speed appli- 
cations. Inside the AD9700, Pin 1 is register ground; Pin 12 is 
analog ground; and Pin 22 is digital ground. 

For some applications, in addition to by-passing the —5.2V 
supply with 0.01 jjlF as shown, it may be desirable to by-pass it 
also with a tantalum capacitor of 3.3 - 10(jlF. Although this is 
not generally necessary, it may enhance the converter’s perform- 
ance in some designs. 

The circuit connected to Pin 21 setup is used for illustrative 
purposes to demonstrate the relationships of various IRE units; 
it is not intended to imply this is the preferred way to obtain 
these values. At Pin 20, the circuit used for adjusting the glitch 
can reduce the amount of glitch from its typical 50pV-s to a 
lesser value for those applications which require it. 

USING AD9700 IN TTL MODE 

Most applications using the AD9700 for composite video recon- 
struction will be in ECL systems, but there may be instances 
where its high-performance characteristics need to be applied in 
TTL designs. 

A method of accomplishing this is illustrated in Figure 2. 

Except as shown, all input pull-up resistors which are used are 
the same value: 2kfL If some of the input bit connections are 
not used because of operating with fewer than eight bits of 
resolution, the unused input pins should be resistively connected 
to + 5V to prevent undesirable side effects in the performance 
of the converter. 

This same technique of r esistively connect ing unused inputs to 
+ 5 V also applies for the Reference White, Com posite Sync, 
and Composite Blanking inputs. If 10% Bright is not used, Pin 
19 should be either grounded or left open; no pull-up resistor 
should be used. 

The table which is part of Figure 2 shows the required connections 
to Pin 21 for the various blanking levels when operating in the 
TTL mode. 



Figure 2. Using AD9700 in TTL Mode 


USING AD9700 AS STANDARD D/A 

Although designed for use in composite video applications, the 
AD9700 can also be utilized as a standard D/A converter with 
remarkable performance. The extremely low glitch energy of the 
unit makes it especially attractive, because video reconstruction 
can be accomplished with exceptional spectral purity. 

Refer to Figure 3. 



When used as a standard D/A, the unused control inputs required 
for video applications are connected to ground; in most cases, 
this connection is made through a diode. Examples of that are 
shown on Pins 1 6, 17 , and 18, the inputs for Reference White, 
Composite Sync, and Composite Blanking, respectively. The 
10% Bright input (Pin 19) is left open, and setup (Pin 21) is 
tied directly to ground. 

If fewer than eight bits of digital input will be applied, the 
unused input pins should be connected to ground via a diode 
with the same technique used at Pins 16, 17, and 18. If they are 
tied directly to ground, converter performance may be affected 
adversely. 
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Figure 4. Using the AD9700 with Look-Up Table 


USING AD9700 WITH RANDOM ACCESS MEMORY 

In many applications, it may be necessary to operate the AD9700 
D/A converter with look-up tables (LUT’s) for raster scan display 
applications. One possible way to operate with fast random 
access memory (RAM) is shown in Figure 4. 

If the user is interested in obtaining an RGB video subsystem, 
the circuit which is shown would be repeated three times. The 
Address Bus (A IN ), Data Bus (D IN ), Write enable (WE), and 
Strobe lines for the three would be connected in parallel. During 
write operations, the appropriate Chip Select (CS) line would be 
operated to control which RAM will receive data on the Data 
Bus. 


CHIP 

SELECT 


ADDRESS 

INPUT 


DATA 

INPUT 


WRITE 

ENABLE 


DATA 

OUTPUT 



Chip Select Prior to Write t wscs 2ns (min) 

Address Setup Priof to Write t W sA 2ns (min) 

Data Setup Prior to Write t W so 2ns (min) 

Write Disable Time t ws 5ns ( max) 

Write Enable Pulse Width t w 6ns (min) 

Address Hold Time After Write t WH A 2ns (min) 

Data Hold Time After Write t W Ho 2ns (min) 

Write Recovery Time t WR 9ns ( max) 

Chip Select Hold Time After Write t WHC s 2ns (min) 


Figure 5. LUT Write Cycle Timing Diagram 


Data are written into the RAM during an inactive portion of the 
scan cycle. The full tables can be written during the vertical 
retrace time; or small blocks of data can be written during the 
horizontal retrace. Write cycle timing requirements for the 
10422 RAM which is illustrated are shown in Figure 5. 

The major advantage of the configuration recommended here is 
realized during the read mode of the RGB system. In the method 
illustrated in Figure 4, all three D/A converter outputs are updated 
simply by changing the 8-bit address. Refer to Figure 6. 

This illustrates the timing relationships and the intervals for the 
various operations which occur during the read cycle of the 
LUT. 



Chip Select Access Time t ACS 5ns (max) 

Address Access Time t AA 10ns (min) 

Chip Select Recovery Time t RC s 5ns (max) 

Data Setup Time t S D 2.5ns (min) 

Data Hold Time t M o 1.5ns (min) 

Reg ister Propagation Delay t PDR 5ns (max) 

D/A Rise Time t R 2ns (typ) 


Figure 6. LUT Read Cycle Timing Diagram 
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ANALOG 

DEVICES 


250MHz Video 
Digital-to-Analog Converter 


AD9701 


FEATURES 

250MHz Update Rate 

Low Glitch Impulse 

Complete Composite Functions 

Internal Voltage Reference 

Single -5.2V Supply 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 


GENERAL DESCRIPTION 

The AD9701 is a high-speed, 8-bit digital-to-analog converter 
with fully integrated composite video functions. High-speed 
ECL input registers provide synchronous operation of data and 
control functions up to 250MHz. 

The AD9701 incorporates on-board control functions including 
horizontal sync, blanking, reference white level, and a 10% 
bright signal for highlighting. The setup level is also adjustable 
from 0 IRE units to 20 IRE units, through the control pin. An 
internal voltage reference allows the AD9701 to operate as a 
stand-alone video reconstruction DAC. 

The AD9701 is available as an industrial temperature range 
device, — 25°C to + 85°C, and as an extended temperature range 
device, -55°C to + 125°C. Both grades of the AD9701 are 
packaged in a 22-pin ceramic DIP, with the extended temperature 
device also available in a 28-pin LCC package. 



ORDERING INFORMATION 


Device 

Temperature Range 

Description 

Package 

Options* 

AD9701BQ 

AD9701SE 

AD9701SQ 

- 25°C to + 85°C 

- 55°Cto + 125°C 

- 55°C to + 125°C 

22-Pin DIP, Industrial Temperature 
28-Pin LCC, Extended Temperature 
22-Pin DIP, Extended Temperature 

D-22 

E-28A 

D-22 


*See Section 14 for package outline information. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage (-V s ) -7V 

Digital Input Voltages (including STROBE, SYNC, 
BLANKING, 10% BRIGHT, and REFERENCE 

WHITE) OVto-Vs 

Analog Output Current 37mA 

Power Dissipation ( + 25°C Free Air) 2 780mW 


Operating Temperature Range 

AD9701BQ -25°Cto +85°C 

AD9701SQ/SE - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature + 175°C 

Lead Soldering Temperature (lOsec) + 300°C 


ELECTRICAL CHARACTERISTICS.^^ . - 5.2V; Rl = 37.512; Setup = OV, unless otherwise stated) 


Parameter 

Temp 

AD9701BQ 

Min Typ 

Max 

AD9701SQ/SE 
Min Typ 

Max 

Units 

RESOLUTION 


* 1 

« 

Bits 

DC ACCURACY 









Differential Linearity 

+ 25°C 


0.25 

0.5 


0.25 

0.5 

LSB 


Full 



1.0 



1.0 

LSB 

Integral Linearity 

+ 25°C 


0.25 

0.5 


0.25 

0.5 

LSB 


Full 



1.0 



1.0 

LSB 

Monotonicity 

Full 

GUARANTEED 


GUARANTEED 



INITIAL OFFSET ERROR 3 









Zero-Scale Offset Error 4 

+ 25°C 


0.05 

0.9 


0.05 

0.9 

mV 


Full 



0.9 



0.9 

mV 

Zero-Scale Offset Drift Coefficient 

Full 


2 



2 


pV/°C 

Full-Scale Drift Coefficient 

Full 


50 



50 


pV/°C 

ANALOG OUTPUT 









Voltage Output 5 









10% Bright 6 

Full 

-0.9 

0 


-0.9 

0 


mV 

Reference White 

Full 

-67.45 

-71 

-74.55 

-67.45 

-71 

-74.55 

mV 

Blanking (Setup = 0 IRE) 7 

Full 

-698.55 

-708.5 

-718.45 

-698.55 

-708.5 

-718.45 

mV 

Sync (Setup = 0 IRE) 8 

Full 

-979.25 

-993.5 

- 1007.75 

-979.25 

-993.5 

- 1007.75 

mV 

Current Output 5 









10% Bright 6 

Full 

-0.024 

0 


-0.024 

0 


mA 

Reference White 

Full 

-1.805 

-1.9 

-1.996 

-1.805 

-1.9 

-1.995 

mA 

Blanking (Setup = 0 IRE) 7 

Full 

-18.63 

-18.9 

-19.16 

-18.63 

-18.9 

-19.16 

mA 

Sync (Setup = 0 IRE) 8 

Full 

-26.11 

-26.5 

-26.87 

-26.11 

-26.5 

-26.87 

mA 

Output Compliance Range 

Full 


-1.6; +0.1 



-1.6; +0.1 


V 

Output Resistance 

+ 25°C 

640 

800 


640 

800 


n 

DYNAMIC PERFORMANCE 









Update Rate 

+ 25°C 

225 

250 


225 

250 


MHz 

Output Propagation Delay 9 

+ 25°C 


5 

6 


5 

6 

ns 

Output Settling Time 10 









Current 

+ 25°C 


8 



8 


ns 

Voltage 

+ 25°C 


12 



12 


ns 

Output Slew Rate 1 1 

+ 25°C 

255 

300 


255 

300 


V/ps 

Output Rise Time 11 

+ 25°C 


1.7 

2.0 


1.7 

2.0 

ns 

Output Fall Time 1 1 

+ 25°C 


1.7 

2.0 


1.7 

2.0 

ns 

Glitch Impulse 

+ 25°C 


60 

70 


60 

70 

pV-s 

SETUP CONTROL 12 









Setup Level (Grounded) 

Full 


0 



0 


IRE 

Setup Level (Open) 

Full 


7.5 



7.5 


IRE 

Setup Level (Tied to - 5.2V with lkll) 

Full 


10 



10 


IRE 

Setup Level ( - 5.2V) 

Full 


20 



20 


IRE 

DIGITAL INPUTS 









Logic “1” Voltage 

Full 

-1.1 



-1.1 



V 

Logic “0” Voltage 

Full 



-1.5 



-1.5 

V 

Logic “1” Current 

Full 



100 



100 

pA 

Logic “0” Current 

Full 



15 



15 

pA 

Input Capacitance 

+ 25°C 


4 

5.5 


4 

5.5 

pF 

Data Setup Time 

+ 25°C 

0.1 



0.1 



ns 

Data Hold Time 

+ 25°C 

1.4 



1.4 



ns 
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Parameter 

Temp 

AD970IBQ 
Min Typ 

Max 

AD9701SQ/SE 
Min Typ 

Max 

Units 

POWER SUPPLY 13 







Supply Current ( - 5 .2V) 

+ 25°C 

140 

160 

140 

160 

mA 


Full 


160 


160 

mA 

Nominal Power Dissipation 

+ 25°C 

728 


728 


mW 

Power Supply Rejection Ratio 14 

Full 

3 

6 

3 

6 

mV/V 


NOTES 

Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

2 Typical thermal impedance . . . 

22-Pin Ceramic 6 ja = 64°C/W; 0 jc = 16°C/W 

28-Pin Ceramic LCC 6 ja = 70°C/W; 0 jc = 2 1°C/W 
3 SYNC, BLANKING, and REFERENCE WHITE are inactive (Logic “1”)- 
Iset ** 1 .26V/R set . 

4 A11 bits at logic HIGH. 

5 All values are relative to full-scale output, after being normalized 
to nominal value. Typical variation in full-scale output from device to 
device can reach ± 10%, for a fixed Rset resistor. 

6 The effect of 10% BRIGHT algebraically adds to the output waveform. 


7 The output level with BLANKING active (Logic “0”), is determined by 
the setup control level. 

8 In normal operation, the BLANKING input is activated (Logic “0”) prior 
to or in conjunction with the SYNC input. The effect of the SYNC 
utput is relative to the setup level. 

9 Measured from edge of STROBE to 50% transition point of the output 
signal. 

10 Measured with full-scale change in output level, from the 10% transition 
level to within ± 0.2% of the final output value. 

1 ‘Measured from 10% to 90% transition point for full-scale step output. 

12 An IRE unit is 1% of the Grey Scale (GS range) with a 0 IRE setup level. 
13 Supply Voltage should remain stable within ± 5% for normal operation. 
14 Measured at ± 5% of - V s . 

Specifications subject to change without notice. 


DIGITAL INPUTS VS. ANALOG OUTPUT 


Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

10% 

Ref. 


Comp. 

Analog 

1 

2 

3 

4 

5 

6 

7 

8 

Bright 

White 

Blanking 

Sync 

Output (mV) 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-71 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-320 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-637.5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

-708.5 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

1 

1 

0 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

-71 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-637.50 1 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-690.75 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-708.50 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-779.50 4 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-922.50 1 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-975.75 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-993.50 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

- 1064.50 4 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

-993.50 1 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1046.75 2 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1064.50 3 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1135.50 4 


NOTES 

1. Setup (Pin 21) grounded (0 IRE units). 

2. Setup (Pin 21) open (7.5 IRE units). 

3. Setup (Pin 21) to -5.2V through lk (0 IRE units). 

4. Setup (Pin 21) to - 5.2V (20 IRE units). 


DIGITAL-TO-ANALOG CONVERTERS 2-387 



FUNCTIONAL DESCRIPTION 

PIN NAME 

GROUND 

-V s 

BIT 1 (MSB) 

BIT 2 -BIT 7 
BIT 8 (LSB) 

STROBE 

GROUND 

SETUP 


10% BRIGHT 


COMPOSITE BLANKING 


COMPOSITE SYNC 


REFERENCE WHITE 
COMPENSATION 


CURRENT SET 


OUTPUT 

GROUND 


DESCRIPTION 

One of three ground returns. All grounds should be connected together near the AD9701. 
Negative supply pin, nominally -5.2V. 

One of eight digital input bits. BIT 1 (MSB) is the most-significant-bit of the digital input 
word. 

One of eight digital input bits. 

One of eight digital input bits. BIT 8 (LSB) is the least-significant-bit of the digital input 
word. 

Data and control register strobe input. STROBE is leading edge triggered. 

One of three ground returns. All grounds should be connected together near the AD9701. 
The SETUP input determines the position of the blanking level relative to the “reference 
black” level (all data bits at logic “0”). The setup level is adjustable from 0 IRE units to 20 
IRE units below the reference black level (an IRE unit is 1% of the “grey scale” range). 


SETUP LEVEL CONFIGURATION (PIN 21) 


0 IRE Units 

Ground 

7.5 IRE Units 

Open 

10 IRE Units 

Connection to - 5.2V through lkll 

20 IRE Units 

Connection to -5.2V 


10% BRIGHT adds an additional curre nt to the output level, equal to roughly 10% of the 
“grey scale” range. The 10% BRIGHT is active logic LOW, and operates independently of 
all other inputs. 

The COMPOSITE BLANKING input, active logic LOW, forces output to the blanking 
level set with the SETUP i nput. 

The COMPOSITE SYNC input, active LOW, creates a negative going horizontal syn- 
chronization the blanking level. Under normal operat ing conditions the 

COMPOSITE BLANKING signal should precede and extend past the COMPOSITE SYNC 
sign al. See SETUP for addit ional information. 

The REFERENCE WHITE input, active LOW, overrides the data inputs, and forces the 
output to the maximum “grey scale” level. 

The COMPENSATION input insures adequate gain stability for the internal reference 
amplifier. Under normal operating conditions, the COMPENSATION input is decoupled 
to ground through a 0.1 |xF capacitor. 

The CURRENT SET input determines the full-scale or “grey scale” range. The effects of the 
video control functions are in addition to the “grey scale” range. (168fl< Rset — 60012). 
IoUTmax~4I S ET = 4(1. 26 V /Rset) 

Analog output. 

One of three ground returns. All grounds should be connected together near the AD9701. 
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AD9701 


SYSTEM TIMING DIAGRAMS 


REFERENCE WHITE 


REFERENCE BLACK 
BLANKING LEVEL 
SYNC LEVEL 


BLANKING 


SYNC 


RE FEREN CE 

WHITE 



DIGITAL INPUTS 
INCLUDING 
CONTROL INPUTS 


STROBE 


OUTPUT ERROR 
WAVEFORM 



t s DIGITAL DATA SETUP TIME 

t„ DIGITAL DATA HOLD TIME 

W„ STROBE PULSE WIDTH HIGH 

tpvvL STROBE PULSE WIDTH LOW 

t ST SETTLING TIME 

t PD MINIMUM PROPAGATION DELAY 


10% BLANKING 


DIGITAL DATA 
BIT 1 (MSB) TO 
BIT 8 (LSB) 


\ 

L__ DON'T >L VALID J-. 1 
r CARE | DATA 

1 ! 

u 

30N1 

CARE 

f VALID 

| / DATA 

r >L DON'T _J 

TT careH 



NOTES 

1 . ALL INPUTS. INCLUDING THE VIDEO CONTROL 
FUNCTIONS, ARE SYNCHRONIZED TO THE 
STR OBE INPUT. 

2. THE 10% BRIGHT CONTROL WILL INCREASE 
THE OUTPUT LEVEL BY APPROXIMATELY 10 
IRE UNITS OVER THE PRESENT OUTPUT 
LEVEL. 

3. AN IRE UNIT IS IDEALLY 7.14mV. 


DIE LAYOUT AND MECHANICAL INFORMATION 



BIT 1 (MSB) BIT 3 


BIT 5 


BIT 7 


Die Dimensions 
Pad Dimensions 
Metalization 
Backing 

Substrate Potential 
Passivation 
Die Attach 
Bond Wire 


107x104x15 (±2) mils 
4x4 mils 
Aluminum 
None 
-V s 
Oxynitride 
Gold Eutectic 
1.25 mil Aluminum; Ultrasonic Bonding 
or lmil Gold; Gold Ball Bonding 
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APPLICATIONS INFORMATION 

Raster scan video displays image data on a line by line basis, 
with timing and control signals inserted between the lines. The 
control signals include the horizontal synchronization pulses 
which are used to align the display circuitry at the beginning of 
each line. After the complete video image is displayed on the 
monitor, the process begins again with the next image. The 
vertical reset pulse(s) that initiate this timing sequence are located 
between each video image. 

The image data is distinguished from the timing information by 
its location relative to the blanking level. The blanking reference 
level is at the blackest extreme of the image data, and all timing 
signals are designed to fall below the blanking level so as not to 
be seen on the monitor. The actual image data is located above 
the blanking level, and it may be further separated from the 
timing signal by the setup level. The setup level is simply a 
buffer zone between the timing and image data. 

Generation of the timing signals for the AD9701 is controlled by 
the COMPOSITE BLANKING and the COMPOSITE SYNC 
inputs. In normal operation the output level of the AD9701 is 
forced to the blanking level (black) with the COMPOSITE 
BLANKING control so that when the synchronization occurs, 
it will not interfere (b e seen) with the monitor image. The 
COMPOSITE SYNC control forces the output level below the 
blanking level, generating the synchronization pulse. 

The “grey scale” is the image intensity range, located above the 
blanking level by the amount of the setup level. The setup level 
is “reference black,” the darkest displayable picture intensity. 


The top of the “grey scale” is “reference white,” or the brightest 
picture intensity. As an 8-bit device, the AD9701 divides the 
“grey scale” into 256 individual levels. 

Normal raster scan waveforms divide the region between the 
blanking level and reference white into 100 IRE units (International 
Radio Engineers). The setup level can range from 0 to 20 IRE 
units, but typically is around 10 IRE units, and the synchronization 
pulse level typically falls 40 IRE units below the blanking level. 
For the AD9701, the reference white level is 10 IRE units below 
the full-scale output range (OmAoirr)- 

In terms of priority, the REFE RENCE WHITE con trol over- 
rides the data inputs, but bo th COMPOSITE SYNC and 
COMPOSITE BLANK ING override the data inputs and the 
REFE RENCE WHIT E control. A fourth control is active at all 
times, 10% BRIGHT, which adds approximately 10 IRE units 
to th e output level n o matter what the input state of the AD9701. 
The 10% BRIGHT control is primarily used to highlight areas 
of the video image. 

As with any high-speed device, the AD9701 requires a substantial 
low impedance ground plane and high quality ground connections 
to achieve the best performance. Performance can also be improved 
with adequate power supply decoupling near the supply pins of 
the AD9701. In ECL mode, the output of the AD9701 is designed 
to drive 75G cable directly, with 75fl terminations to ground at 
both ends of the cable. For TTL configurations the output 
should be terminated to + 5.0V through an 82 Cl resistor (see 
circuit below). 


+ 5.0V 




Standard Reconstruction Configuration 


Raster Graphics Configuration for TTL Systems 
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ANALOG 

DEVICES 


Triple 4-Bit 
D/A Converter 


AD9702 


FEATURES 

ECL or TTL Compatible 

Composite Inputs 

125MHz Update Rates Minimum 

APPLICATIONS 
Raster Scan Displays 
Color Graphics Systems 
General Video Reconstruction 


AD9702 FUNCTIONAL BLOCK DIAGRAM 


V cc ( + 5V OR GROUND) V eE ( - 5.2V) 



CURRENT SET 


RED OUTPUT 


GREEN OUTPUT 


BLUE OUTPUT 


GROUND 

GROUND 


GENERAL DESCRIPTION 

The AD9702 D/A Converter is a single monolithic IC containing 
three separate 4-bit digital-to-analog (D/A) converters for red, 
green, blue (RGB) graphics display applications; 4,096 colors 
are available to the user. Composite blanking, green sync, and 
reference white digital control inputs are also included. On-chip 
data registers and a capability for varying output drive make 
this a total functional solution for graphics displays. 

A unique TTL/ECL interface allows the designer a choice of 
logic compatibility for all inputs; this can be accomplished by 
applying either + 5V or ground to the Vcc pin. Internally, the 
registers and control switching signals operate at ECL logic 
levels to help assure low glitch impulse at the DAC outputs. 

The unit is housed in a 24-pin ceramic package and operates 


with -5.2V applied for the ECL mode; and -5.2V and +5V 
for TTL mode. Power dissipation is 1.3 watts for ECL operation 
and 1.5 watts for TTL. 

Monolithic devices are inherently less expensive and more reliable 
than hybrids. When combined with its small size and outstanding 
electrical characteristics, these attributes make the AD9702 D/A 
Converter the first choice for designers of next-generation, 
medium-resolution displays. 
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SPECIFICATIONS (typical @ +25°C with nominal power supplies unless otherwise noted) 


Parameter 

RESOLUTION 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Voltage (Adjustable) 

Current (Adjustable) 

ACCURACY (GS = Gray Scale; FS = Full Scale) 
Linearity 

Differential Linearity 
Zero Offset (Initial) 

Monotonicity 

TEMPERATURE COEFFICIENTS 
Linearity 
Zero Offset 
Gain 

Gain Tracking 

DYNAMIC CHARACTERISTICS 


Units 

Bits 


mV 

mA 


± % GS 


AD9702BD/BW 

4 


40 

1 


0.8 


±%GS,max 0.8 

mV, max 0.5 


Guaranteed 


ppm/°C (max) 
ppm/°C (max) 
ppm/°C (max) 
ppm/°C 


20(30) 

10(15) 

200(400) 

100 


ABSOLUTE MAXIMUM RATINGS 


* 

ECL 

Lower Upper 

TTL 

Lower Upper 

Supply Voltages 




Voc(PinlO) 

-0.1V + 1.0V 

o.ov 

+ 6.0V 

VEE(Pinl7) 

-6.0V +0.3 

-6.0V 

+0.3V 

Power Dissipation 

1.5W 

j 1.8W 

(Nominal Voltages) 




D/ A Output Current 

30mA 

I 30mA 

Temperature 




Operating (Case) 

- 55°C to + 125°C 

— 55°C to + 125°C 

Storage 

-55°Cto + 150°C 

— 55°Cto + 150°C 


Settling Time - Voltage 1 


ECL Mode (to ± 3.2% GS) 

ns, max 

5 

TTL Mode (to ±3.2%GS) 

ns, max 

6 

Update Rate 



ECL Mode 

MHz, min 

125 

TTL Mode 

MHz, min 

75 

Rise Time 

ns 

3 

Glitch Impulse 

pV-s 

80 

DIGITAL INPUTS 



Logic Compatibility 


ECL/TTL 

Coding 


Binary (BIN) 

ECL Logic Levels 



‘T’ 

V (min/max) 

— 0.9( — 1.1/ — 0.6) 

“0” 

V (min/max) 

— 1 .7 ( — 2.0/ — 1-5) 

TTL Logic Levels 



“1” 

V (min/max) 

+ 3.5 ( + 2.0/ + 5.0) 

“0” 

V (min/max) 

+ 0.2( + 0.0/ + 0.8) 

Loading (Each Bit; with Typical 



Input Logic Levels) 



ECL“1” 

pA/pF 

50/5 

ECL “0” 

pA/pF 

-100/5 

TTL“1” 

pA/pF 

10/5 

TTL “0” 

mA/pF 

1.5/5 

Setup Time (Data) 



ECL 

ns, max 

2.5 

TTL 

ns, max 

3.5 

Hold Time (Data) 



ECL 

ns, max 

2 

TTL 

ns, max 

3 

Propagation Delay 



ECL 

ns (max) 

4(5) 

TTL 

ns (max) 

5(6) 

SPEED PERFORMANCE - CONTROL INPUTS 



ECL and TTL Settling Time to 10% of GS for: 



Reference White 

ns, max 

10 

Composite Blanking 

ns, max 

10 

Green Sync 

ns, max 

10 

10% Bright 

ns 

10 

RED, GREEN, AND BLUE ANALOG OUTPUTS 



Gray Scale Current 

mA 

Oto -16 

Ref White 2 = “0” 

mA 

0 

Ref White = “1” 

mA 

Normal Operation 3 

Composite Blanking 4 = “0” 

mA 

-1.4 

Composite Blanking = “1” 

mA 

Normal Operation 

Green Sync 5 = “0” 

mA 

-7.6 

Green Sync = “1” 

mA 

Normal Operation 

Gray Scale Voltage 

mV 

Oto — 600 ( ± 1%) 

Ref White 2 = “0” 

mV 

0 

Ref White = “1” 

mV 

Normal Operation 3 

Composite Blanking 4 = “0” 

mV 

-53 

Composite Blanking = “1” 

mV 

Normal Operation 

Green Sync 3 = “0” 

mV 

-285 

Green Sync = “1” 

mV 

Normal Operation 


PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

24 

GROUND 

1 

REFERENCE WHITE 

23 

GREEN SYNC 

2 

RED BIT 1 (MSB) 

22 

RED OUTPUT 

3 

RED BIT 2 

21 

GREEN OUTPUT 

4 

RED BIT 3 

20 

CURRENT SET 

5 

RED BIT 4 (LSB) 

19 

GROUND 

6 

GREEN BIT 1 (MSB) 

18 

BLUE OUTPUT 

7 

GREEN BIT2 

17 

V EE (-5.2V) 

8 

GREEN BIT 3 

16 

COMPOSITE BLANKING 

9 

GREEN BIT4(LSB) 

15 

STROBE 

10 

V CC ( + 5V OR GROUND) 

14 

BLUE BIT 4 (LSB) 

11 

BLUE BIT 1 (MSB) 

13 

BLUE BIT 3 

12 

BLUE BIT 2 


NOTE: FOR NORMAL OPERATION, CONNECT PINS 19 AND 24 
TOGETHER AND TO LOW-IMPEDANCE GROUND 
PLANE AS CLOSE TO CASE AS POSSIBLE. 
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AD9702 


Parameter Units 

AD9702BD/BW 

RED, GREEN, AND BLUE ANALOG OUTPUTS (Cont.) 

Output Impedance fl (min/max) 

Compliance V 

Matching ± % GS 

(Between any Two Gray Scale Outputs) 

RGB Outputs T ime Skew ns , max 

RGB Outputs Crosswalk 6 mV 

(100MHz Bandwidth) 

Clock Noise on Outputs mV 

( 100MHz Bandwidth) 

10k(5k/15k) NOTES 

+ 3.0 to — 1.2 'Settling to GS percentage includes FS and MSB transi- 

1 q tions. Inherent 3ns register delay (50% points) is 

not included. 

2 Digital “0” at Reference White control input (Pin 1 ) sets 
^ registers; red, green, and blue outputs go to zero. 

20 3 In “normal operation,” GS current or GS voltage out- 

puts for red, green, and/or blue are established by RGB 

5 digital inputs. 

4 Digital ”0” at Composite Blanking control input (Pin 16) 

POWER REQUIREMENTS 

-5.2V ± 0.25V 7 mA (max) 

+ 5V ± 0.25V (TTL Only) mA (max) 

Power Supply Rejection Ratio mV/mV 

ECL Power Dissipation W (max) 

TTL Power Dissipation W (max) 

at red, green, and blue outputs. Reference White and 
250(288) Composite Blanking should not be operated 

SflrAfl'i simultaneously. 

q 115 s Green Sync control signal ((« Pin 23) affects only Green 

‘ Output ((f» Pin 21); value shown is added to Green 

' Output established by Green digital inputs (and by 

1.55(1.8) Composite Blanking if digital “0” is simultaneously 

TEMPERATURE RANGE 

Operating (Case) °C 

Storage °C 

applied to Pin 16). 

— 25 to + 85 6 Logic “0” digital inputs applied to D/A under test; full 

scale step function “toggling” applied to active D/A. 

— 55 to + 150 7 Power supplies should have less than lOmV p-o ripple. 

THERMAL RESISTANCE 8 

Junction to Air, 0j A (Free Air) °C/W, max 

J unction to Case , 0 Jc °C/W , max 

8 Maximum junction temperature = 150°C. 

4 Q 9 See Section 14 for package outline information. 

12 Specifications subject to change without notice. 

PACKAGE OPTION 9 

D-24A 

AD9702BD 

AD9702BW 


THEORY OF OPERATION 

Refer to the Block Diagram of the AD9702 D/A Converter. 

The digital inputs are applied through TTL/ECL converters to 
registers within the AD9702; the purpose of the registers is to 
eliminate time skew from the inputs and help reduce glitch 
impulse in the output signals. The switching of the inputs through 
the registers to the three in t ernal D/A conver ters i s controlled 
by the St robe, Green Sync, Reference White, and Composite 
Blanking signals. 

When operating with ECL-compatible logic, Vee ( — 5.2V) is 
applied to Pin 17 and Pin 10 is connected to ground. Under 
these conditions, the TTL/ECL converters at the input are 
transparent to incoming signals and the signals are applied directly 
to the registers. Regardless of the logic levels of the digital 
inputs, the registers and control logic internal to the AD9702 
are operated at ECL levels to help assure maximum switching 
speed and minimum glitch on the analog outputs. 

For TTL logic, Vcc ( + 5V) is applied to Pin 10 and - 5.2V is 
applied to Pin 17. The positive voltage is used only on the 
TTL/ECL converters, and adds to the flexibility of the AD9702 
by allowing it to be compatible with both forms of logic generally 
encountered in graphics displays. 

There is an alternate method of operating with TTL logic without 
a need for -5.2V supplies. In this arrangement, Pins 10, 19, 
and 24 are connected to + 5 V; and Pin 17 is grounded. In addition, 
digital inputs (RGB Bits 1 - 4) are connected to + 5V through 
2k resistors on each input line. 

The disadvantage of this technique is that the output is referenced 
to the + 5V supply instead of ground. When this happens, the 
dc component of the output may exceed the general requirements 
of RS-170 and RS-343. In addition, any noise which is on the 
power supply can be coupled directly onto the video signal. 

One method of overcoming these potential problems is illustrated 
in Figure 1, Using AD9702 in TTL Mode. 


In this arrangement, the strobe signal is attenuated and shifted 
positively by a resistor network to minimize feedthrough of the 
clock signal. The digital input signals do not require the same 
kind of attenuation because their larger TTL swings do not 
present any problems. 

The pull-up resistors which are used on the inputs help assure 
proper digital “1” logic levels regardless of which TTL logic 
family is used. 

The PNP level shifter shown at the analog output in Figure 1 
e limin ates the possible problems of TTL operation cited above. 
Most of the noise which might be present on the + 5 V supply is 
cancelled by common mode rejection in this circuit; and level 
shifting helps insure the dc component of the output meets 
video standards. 

Minor linearity degradation and temperature drift which might 
be introduced by the level shifter are not discernible on most 
video displays. The level shifter circuit is repeated three times 
for the Red, Green, and Blue analog outputs of the AD9702. 

As shown in the block diagram a nd discussed in the Specifications 
section, a digital “0” level of the Reference White signal (at Pin 
1) is used to set the registers within the converter. This action 
causes the three (RGB) analog outputs to go to zero output. 

The Composite Blanking signal is applied to Pin 16; when a 
digital “0” level is used, it resets the registers and causes the 
three analog outputs to be - 17.4mA or - 653mV because of 
the amount added to the normal full-scale outputs. 

The Green Sync signal at Pin 23 has an effect only on the Green 
Output of the AD97 02 (at Pin 21). When this control and 
Composite Blanking are at a digital “0” level, the value of the 
Green analog output will be - 25mA or - 938mV. 

Wh en control in puts Reference White, Composite Blanking, 
and Green Sync are at digital “1” levels, the RGB analog outputs 
at Pins 22, 21, and 18 will be a function of their corresponding 
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+ 5V 



Figure 1. Using AD9702 in TTL Mode ( Single Supply) 


digital inputs. This is the “normal operation” referred to in the 
Specifications Table. 

Resistor Rset is connected between Pin 20, Current Set, and 
ground to establish the Gray Scale (GS) value of the RGB outputs. 
The value to be used is based on the desired full-scale GS output 
and the following equations: 


Igs — 5 x I set 
R -±t 

^SET - T 

a SET 


v olJT — 


22 x R L oad 


When using these equations, typical values of I SET and Vout 
(Gray Scale output) will be within ± 5%. 


The idealized green analog output is illustrated in Figure 1. 

The red and blue analog outputs are similar to the waveform 
shown in Figure 1, with the exception no sync portion is present 
on the Red and Blue outputs. 

Sync control inputs are not required for Red and Blue outputs 
because of the RGB signals being synchronized within the AD9702. 
The majority of applications for the AD9702 in graphics displays 
use the green sync as the synchronizing signal for the monitor. 

ORDERING INFORMATION 

The standard AD9702 triple four-bit D/A converter is supplied 
in hermetic and non-hermetic units. Both versions operate over 
a case temperature range of — 25°C to + 85°C. The hermetically- 
sealed ceramic DIP configuration is model number AD9702BD; 
the non-hermetic unit is AD9702BW. For special applications 
or units for military applications, contact the factory for details. 


ABSOLUTE 
IRE OUTPUT 
UNITS VOLTAGE 
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ANALOG 

DEVICES 


Monolithic Video 
D/A Converter 

AD9703 



FEATURES 

Update Rates of 300MHz + 
Ultra-Low Glitch Impulse 
Synchronous Composite Functions 
Raster Graphics Complete 
Mil Spec Versions Available 

APPLICATIONS 
Radar/Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
2D/3D Workstations 
FLIR/Heads-Up Displays 
Medical Imaging 


GENERAL DESCRIPTION 

The AD9703 D/A Converter is a state-of-the-art monolithic 
digital-to-analog converter capable of accepting 8 bits of digital 
data at update rates of 300MHz. It is designed specifically for 
ultra-high-performance, high-resolution raster graphics systems 
but can also be used for other applications which require low 
glitch, such as waveform generation. 

It comes complete with synchronized composite functions in- 
cluding sync, blank, reference white, and 10% bright. The 
reference white input forces the analog output to the reference 
white level regardless of the data inputs. The 10% bright input 
can be used to generate a white cursor on a white background. 

Synchronization of the inputs prevents short or missing pixels. 
Multiplexing video functions from synchronized inputs eliminates 
recovery times and the need to reset registers. This unique 
feature is different from most data input register designs and 
materially enhances the performance of the AD9703. 

An on-board reference eases design effort by eliminating the 
need for external circuits. Input registers and a differential clock 
input minimize glitch impulse and clock feedthrough. The unit 
is housed in a 24-pin DIP and will operate in both 10KH and 
100K ECL systems. The AD9703 dissipates 1.1 watts and is 
truly a “graphics ready” device. 

Analog Devices’ advanced technology produced the first hybrid 
converters which included composite capabilities; the AD9703 is 
one of a series of monolithic graphics DACs made by the company. 
(The AD9701 is an 8-bit 250MHz device; the AD9702 is a 
triple 4-bit 125MHz converter.) 
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(typical @ + 25°C and nominal power supplies unless otherwise noted) 


Model AD9703BD/BW AD9703TD/TDB 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltages 

Pins 10 and 14 (V s ) 

Power Dissipation (Continuous) 

Logic Inputs 

Current Set 

Output Current 

Setup 

Temperature 

Operating (Case) 

Storage 

Junction Temperature 

Lead (Soldering, lOsec) 


Lower Upper 

— 6V 0V * 

1:75W * 

—Vs Ground * 

1mA 4.5mA * 

30mA * 

- V s Ground * 

- 25°C to + 85°C - 55°C to + 125°C 

- 65°C to + 150°C * 

+ 175°C * 

+ 300°C * 

Parameter 

Units 

AD9703BD/BW 

AD9703TD/TDB 

RESOLUTION 

Bits 

8 

★ 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 

Voltage (Adjustable) mV 

2.5 

* 

Currrent (Adjustable) 

JlA 

67 

★ 

ACCURACY (GS = Gray Scale; FS = Full Scale) 

Differential Linearity ± % GS , max 

0.2 

★ 

Integral Linearity 

±%GS,max 

0.2 

★ 

Zero Offset Voltage (Initial) 

± mV, max 

2 

★ 

Monotonicity 


Guaranteed 

* 

TEMPERATURE COEFFICIENTS 
Linearity 

ppm/°C 

7 

* 

Gain 

ppm/°C 

170 

* 

Zero Offset 

jxV/°C 

5 

★ 

DYNAMIC CHARACTERISTICS - GRAY SCALE OUTPUT 


Full-Scale Settling to 0.4% GS 1 

ns 

6 

★ 

Update Rate 2 

MHz (Guaranteed) 300(250) 

★ 

Rise Time (10%-90% GS) 

ns (max) 

1.2(1.75) 

* 

Fall Time ( 10%-90% GS) 

ns (max) 

1.1(1.75) 

* 

Glitch Impulse 

pV-s (max) 

45 (55) 

* 

Clock Feedthrough 

mV 

<10 

★ 

DIGITAL DATA INPUTS 

Logic Compatability 


100K and 10KH ECL 

* 

Coding 


Complementary Binary (CBN) 

★ 

Logic Levels 
“1” 

V 

-0.9 

★ 

“0” 

V 

-1.7 

★ 

Loading (Each Bit) 


5pF and 50kfl to - 5.2V 

* 

STROBE INPUT(S) 

Logic Compatibility 


lOOKand 10KH ECL 

★ 

Coding 


Complementary Binary (CBN) 

* 

Logic Levels 
‘T’ 

V 

-0.9 

★ 

“0” 

V 

-1.7 

* 

Loading 


5pF and 50kfl to - 5.2V 

★ 

Setup Time (Data) 

ns 

0 

★ 

Hold Time (Data) 

ns, min 

1 

★ 

Propagation Delay 
(Strobe Input to Analog Output) 

ns 

1.2 

★ 

10% BRIGHT, REFERENCE WHITE, COMPOSITE SYNC, AND COMPOSITE BLANKING INPUTS 

Logic Compatibility 


lOOKand 10KH ECL 

★ 

Coding 


Complementary Binary (CBN) 

★ 

Logic Levels 
“1” 

V 

-0.9 

* 

“0” 

V 

-1.7 

* 

Loading 


5pF and 50kfl to - 5.2V 

* 

SPEED PERFORMANCE-CONTROL INPUTS 1 

Settling Time to 10% of Final Value for: 

10% Bright ns 

6 

★ 

Reference White 

ns 

6 

* 

Composite Sync 

ns 

6 

* 

Composite Blanking 

ns 

6 

★ 

SETUP CONTROL 

Ground 

mV (IRE Units) 

0(0) 

* 

Open 

mV (IRE Units) 

53.25(7.5) 

* 

lk to -5.2V 

mV (IRE Units) 

71(10) 

* 

-5.2V 

mV (IRE Units) 

142(20) 

* 
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AD9703 


Parameter 

Units 

AD9703BD/BW 

AD9703TD/TDB 

ANALOG OUTPUT 

GS Current 3 

mA 

Oto -17 

* 

GS Voltage 4,5 

mV 

Oto -637.5 

★ 

Compliance 6 

V 

— 1.2 to +3 

★ 

Internal Impedance 

a 

800 

★ 

REFERENCE WHITE' 

Current 

Logic “1” 

mA 

Normal Operation 

* 

Logic “0” 

mA 

0 or - 1.9 

★ 

Voltage 

Logic “1” 

mV 

Normal Operation 

* 

Logic “0” 

mV 

Oor -71.25 

★ 

10% BRIGHT 8 

Current 

Logic “1” 

mA 

-1.9 

★ 

Logic “0” 

mA 

0 

* 

Voltage 

Logic “1” 

mV 

-71 

* 

Logic “0” 

mV 

0 

★ 

COMPOSITE SYNC 8,y 

Current 

Logic “1” 

mA 

0 

* 

Logic “0” 

mA 

-7.6 

★ 

Voltage 

Logic “1” 

mV 

0 

★ 

Logic “0” 

mV 

-285 

* 

COMPOSITE BLANKING 8 ’* 

(Assumes Setup is Open, Which is Equivalent to 7.5 IRE Units) 
Current 

Logic “1” mA 

0 

* 

Logic “0” 

mA 

-1.42 

* 

Voltage 

Logic “1” 

mV 

0 

★ 

Logic “0” 

mV 

-53.25 

* 

VOLTAGE REFERENCE TOLERANCE 

(Deviation from Nominal — 1 .26V) 

mV (max) 

± 20 ( ± 60) 

★ 

POWER REQUIREMENTS 

-5.2V (Min/Max = -4.5V/ -5.45V) 

mA (max) 

210(275) 

* 

Power Supply Rejection Ratio 

mV/V 

1 

* 

Power Dissipation 

W (max) 

1.1(1.43) 

* 

TEMPERATURE RANGE 

°C 

-25 to +85 

-55 to + 125 

THERMAL RESISTANCE 10 

Junction to Air, 0 JA (Free Air) 

°c/w 

29 

★ 

Junction to Case, 0 JC 

°c/w 

12 

★ 

MTBF 11 

Mean Time Between Failures 

Hours 

3.04 x10 s 

* 

PACKAGE OPTIONS 12 

D-24 


AD9703BD 

AD9703TD 



AD9703BW 

AD9703TDB 


PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

COMPOSITE SYNC 

24 

DIGITAL GROUND 

2 

BIT1 

23 

10% BRIGHT 

3 

BIT 2 

22 

COMPOSITE BLANK 

4 

BIT3 

21 

SETUP 

5 

BIT 4 

20 

CURRENT SET 

6 

BIT 5 

19 

ANALOG GROUND 

7 

BIT 6 

18 

•out 

8 

BIT 7 

17 

COMPENSATION 

9 

BIT 8 

16 

•out 

10 

-5.2V 

15 

DIVIDER GROUND 

11 

REFERENCE WHITE 

14 

-5.2V 

12 

STROBE 

13 

STROBE 


NOTE: CONNECT PINS 15. 19, AND 24 TOGETHER 
AND TO GROUND AS CLOSE TO CASE 
AS POSSIBLE. 


NOTES 

1 Inherent register delay (50% points) is not included. 

2 Maximum update rate limited by input registers. 

3 FS Current = GS Current + Video Functions = 30mA maximum. 

4 LSB value of 2.5mV used for calibration. This causes Gray Scale output to be 
637. 5mV, rather than 643mV of idealized composite waveform shown elsewhere. 
Iout = 4( 1 . 26/Rset) when Rset = 300fl. 

5 Output voltages based on R LOAD = 75 G||R termination = 750. 

6 Divider Ground (Pin 15)mustbeat + 3V for + 3V compliance. (See text.) 

7 The effect on the analog output of logic “0” at Reference White input (Pin 1 1) 
depends on signal at 10% Bright input (Pin 23). 

8 10% Bright, Composite Sync, and Composite Blanking outputs add to analog output. 
’Composite Sync and/or Composite Blanking signals override input registers. 

Neither of these signals should be operated simultaneously with Reference White. 
10 Maximum junction temperature is + 175°C. 

"Calculated using MIL HNBK-2 17; Ground; Fixed; + 25°C Ambient. 

12 See Section 14 for package outline information. 

Specifications subject to change without notice. 



Idealized Composite Output Waveform 
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USING AD9703 AS RASTER SCAN D/A 

Refer to the block diagram of the AD9703. The digital input 
bits applied to Pins 2 through 9 represent the Gray Scale value 
of the 256 (2 8 ) discrete levels between Reference Black and 
Reference White in a composite video signal. 

The (true and complementary) analog outputs are also affected 
by the 100K or 10KH ECL levels at the control inputs, and the 
level (in IRE units) of the control signal at SETUP, Pin 21. 

STROBE and STROBE signal pulses clock the input registers 
to remove time skew from the digital input bits and minimize 
discontinuities or “glitches” in the analog output. 

In the idealized waveform, the full-scale output is - 643mV. 
Normal fullscale output of the AD9703, however, is -637.5mV 
because of using 2.5mV for the weight of the LSB during cali- 
bration of the unit. Both values are well within the tolerances of 
the output and the RS-170 standard. 

The internal voltage reference shown in the block diagram is a 
bandgap type and eliminates the need for external circuits. 

Other benefits of the internal precision reference include superior 
power supply rejection and gain tempco. 

The value of the internal reference is 1 .26 volts ( ± 20mV ; ± 60mV 
max), and that knowledge can be combined with information on 
Gray Scale output current to determine the value of the Rset 
resistor. Rset is approximately four times the value of the number 
which results when the reference voltage is divided by the Gray 
Scale current. Expressed mathematically: 



Assume the user’s desired Gray Scale voltage is 637. 5mV; and 
the external load is 37.5 ohms. Dividing 637.5mV by 37.5 ohms 
sets Gray Scale current at 17mA. The reference voltage of 1.26 
volts divided by 17mA, and multiplied by four, determines a 
(rounded) Rset value of 296 ohms. 

Full-scale current is Gray Scale current plus the video functions 
and is specified for a total of 30mA. 

Using the value of Rset» the user can calculate Gray Scale output 
voltage within 15% with the equation: 

VoUT = 41 *") (R-load II ^-internal) 

\*set / 

The resistance of the internal ladder is 800 ohms in parallel with 
the load resistor and is included in the above example. 

APPLICATION HINTS 

In the Specifications, data on COMPOSITE BLANKING assume 
the SETUP connection is open, equivalent to 7.5 IRE Units. 

Pin 20 connected to ground is equivalent to 0 IRE Units. Con- 
necting to -5.2V through a IkO resistor is 10 units; connecting 
to -5.2V directly is 20 units. 

For some applications, additional by-pass capacitors for the 
— 5.2V supply lines may be desirable. In addition to the ceramic 
0.1 |xF capacitors shown on the block diagram, tantalum capacitors 
of 3.3 — lOpF may enhance the converter’s performance in 
some designs. All by-pass capacitors should be connected as 
closely as possible to the supply pins of the converter. 

If the user is driving a lighter load than a coaxial cable and 
needs lower power dissipation, doubling the value of Rset halves 
the output current but still maintains useable drive. 


Ground pins 15, 19, and 24 are normally connected together 
and to ground; these connections should also be made close to 
the unit. Divider Ground must be referenced to + 3V to obtain 
+ 3V compliance. Figure 1 shows a method of doing this. 



Figure 1. Connection for Positive Voltage Compliance 

Values of up to + 3V might be applied. Assume Rload is 75 
ohms. With + IV applied, the output would be ± IV; at + 3V, 
the output would be 4- IV to + 3V. 

USING AD9703 AS STANDARD D/A 

The AD9703 can also be used as a standard D/A converter 
capable of remarkable performance; it is attractive for that ap- 
plication because of the low value of glitch impulse. 

Refer to Figure 2. 



Figure 2. AD9703 as Standard D/A 

As a standard D/A, unused control inputs ar e tied to grou nd via 
a diode as shown on Pins 1, 11, and 22. The 10% Bright input 
(Pin 23) is left open; and Setup (Pin 21) is tied directly to ground. 
For less than eight bits of data, unused input pins are also grounded 
via diodes. 

ORDERING INFORMATION 

Three versions of the AD9703 are available, all in ceramic DIP 
packages. The non-hermetic AD9703BW and hermetic 
AD9703BD operate over a temperature range of - 25°C to 
+ 85°C. The hermetic AD9703TD and mil-processed 
AD9703TDB are for -55°C to + 125°C. 
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FEATURES 

100 MSPS Update Rate 
ECL/TTL Compatibility 
Low Glitch Impulse: 100 pV-s 
Fast Settling: 30 ns to ±1 LSB 
Low Power: 700 mW 

APPLICATIONS 

ATE 

Signal Reconstruction 
Arbitrary Waveform Generators 
Digital Synthesizers 
Signal Generators 


AD9712/AD9713 FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 

The AD9712 and AD9713 are 12-bit, high speed digital- 
to-analog converters constructed in an advanced oxide isolated 
bipolar process. The AD9712 is an ECL-compatible device 
featuring update rates of 100 MSPS minimum; the TTL- 
compatible AD9713 will update at 80 MSPS minimum. 

Designed for direct digital synthesis, waveform reconstruction, 
and high resolution imaging applications, both devices feature 
low glitch impulse of 100 pV-s; and fast settling times of 30 ns 



1811 0.1 |xF 

A — v s 


to ±1 LSB. Both units are characterized for dynamic perfor- 
mance, and have excellent harmonic suppression. 

/&e v AE^7li2 and AD9713 are available in 28-pin plastic DIPs 
and PLCCs, with an operating temperature range of 0 to +70°C. 
Contact the factory for availability of military-grade devices. 


D 12 (LSB) [jd 


TOP VIEW 
(Not to Scale) 


12 13 14 15 16 17 18 


25j ANALOG -V s 

24] R set 

23] DIGITAL +V S 

22] REFERENCE GROUND 

2l] DIGITAL -V s 

2o] REFERENCE OUT 

Td CONTROL AMP IN 


28j D 1 (MSB) 

27] DIGITAL GROUND 
iS] LATCH ENABLE 
25] ANALOG -V s 

ED ^set 

23] DIGITAL +V S 

22] REFERENCE GROUND 


TOP VIEW pj 
(Not to Scale) [21] DIGITAL -Vc 


D 12 (LSB) [n 
DIGITAL -V s Q2 
ANALOG RETURN [l3 
•out Il4 


20] REFERENCE OUT 
I?] CONTROL AMP IN 
ii] CONTROL AMP OUT 
Tf] REFERENCE IN 

iU w 

15] ANALOG -V s 


PLCC Pinout Designations 


Plastic DIP Pinout Designations ( Top View) 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Positive Supply Voltage (+V S ) (AD9713 Only) +6 V 

Negative Supply Voltage (-V s ) 

(AD9712 and AD9713) -7 V 

DAC Outputs to ANALOG RETURN +0.5 V to -2 V 

Digital Input Voltages (Dj-D^, LATCH ENABLE) 

AD9712 0 V to -V s 

AD9713 0 V to +V S 

Internal Reference Output Current 500 |xA 

Control Amplifier Input Voltage Range 0 V to -4 V 

Control Amplifier Output Current ±2.5 mA 


REFERENCE IN Voltage Range . . -3.7 V to -V s 

Analog Output Current (Iqut or I out) 30 mA 

Operating Temperature Range 

AD97 12 JN/JP/KN/KP 0 to +70°C 

AD97 1 3 JN/JP/KN/KP 0 to +70°C 

Maximum Junction Temperature 2 + 150°C 

Lead Temperature (Soldering, 10 seconds) +300°C 

Storage Temperature Range -65°C to +150°C 


ELECTRICAL CHARACTERISTICS 


(_v s = -5.2 Vi +V S = +5 V (AD9713 Only); CONTROL AMP IN = -1.2 V 
(external); R SET = 7.5 kil, unless otherwise noted) 




Test 

AD9712JN/JP/KN/KP 

AD9713/JN/JP/KN/KP 


Parameter (Conditions) 

Temp 

Level 

Min Typ Max 

Min 

Typ 

Max 

Units 

RESOLUTION 



12 


Bits 

DC ACCURACY 

Differential Nonlinearity (J) 

Differential Nonlinearity (K) 

Integral Nonlinearity (J) 1L 

(“Best Fit” Straight Line) || 

Integral Nonlinearity (K) 

(“Best Fit” Straight Line) 
Monotonicity 

+25°C 

Full 

+2£Ci 

Fall fl 

+25*C, 

Full 

+ 253Gp® 

Full 

Full 

I 

VI ^ 

% 

VI 

VI 

IV 

■ . ! 

' 2.5 

GUARANTEED . . 

. ■■■■ ■ ■■ 

0.75 1.0 

* 2.0 

ill 1 0.6 0.75 

jf% ^1.5 2.0 

3.0 

1.0 1.5 

2.5 

^ GUARANTEED 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

INITIAL OFFSET ERROR 
Zero-Scale Offset Error 

+25°C 

I 

0.5 1.5 


0.5 

1.5 

|aA 


Full 

VI 

5.0 



5.0 

|aA 

Full-Scale Gain Error 3 

+25°C 

I 

4.0 8.5 


4.0 

8.5 

% 


Full 

VI 

11.0 



11.0 

% 

Offset Drift Coefficient 

+25°C 

V 



0.03 


|xA/°C 

REFERENCE/CONTROL AMP 








Internal Reference Voltage 

+25°C 

I 

-1.13 -1.26 -1.39 

-1.13 

-1.26 

-1.39 

V 


Full 

I 

-1.11 -1.41 

-1.11 


-1.41 

V 

Internal Reference Voltage Drift 

Full 

V 

440 


440 


nV/°C 

Amplifier Input Impedance 

+25°C 

V 

50 


50 


kn 

Amplifier Bandwidth 

+25°C 

V 

300 


300 


kHz 

REFERENCE INPUT 4 








Reference Input Impedance 

+25°C 

V 

3 


3 


kfl 

Reference Multiplying Bandwidth 5 

+25°C 

V 

40 


40 


MHz 

OUTPUT PERFORMANCE 








Full-Scale Output Current 6 

+25°C 

V 

20.48 


20.48 


mA 

Output Compliance Range 

+25°C 

IV 

-1.2 +3 

-1.2 


+ 3 

V 

Output Resistance 

+25°C 

IV 

2.0 2.5 3.0 

2.0 

2.5 

3.0 

kn 

Output Capacitance 

+25°C 

V 

30 


30 


pF 

Output Update Rate 7 

Output Settling Time (t ST ) 8 

+25°C 

IV 

100 110 

80 

90 


MSPS 

Current Settling 

+25°C 

V 

30 


30 


ns 

Voltage Settling (R L = 50 fl) 

+25°C 

V 

30 


30 


ns 

Output Propagation Delay (t PD ) 9 

+25°C 

V 

8 


11 


ns 

Glitch Impulse 10 

+25°C 

V 

100 


100 


pV-s 

Output Slew Rate 11 

+25°C 

V 

400 


400 


V/|xs 

Output Rise Time 11 

+25°C 

V 

3 


3 


ns 

Output Fall Time 11 

+25°C 

V 

2 


2 


ns 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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For applications assistance, phone Computer Labs Division (919) 668-9511 


NOTES 

Absolute maximum ratings are limiting values to be applied individually, and beyond which tifil serviceability of the circuit may be impaired. 

Functional operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
2 Typical thermal impedances: 28-pin plasticDUP 0 JA: ;= 42^/W; |)jj|= Pc/w; 28-pin 0 JA = 48°C/W; 0 JC = 10°C/W. 

3 Measured as error of the ratio of full-scale current to current through R SET (160 p,A nominal); ratio is nominally 128. 

4 Full-scale variations among devices are more severe when driving J^JEFEI^ICE IN directly/ 

frequency at which a 3 dB reduction in output of DAC is observed; R L ~ 50 H; 50 % modulation at midscale. 

6 Based on I FS = 128 (V ref /R set ) when using internal amplifier. 

7 Output settling to 0.1%. 

8 Measured at midscale transition, to ±0.024%. 

9 Measured from falling edge of LATCH ENABLE signal to 50% point of full-scale transition. 

10 Glitch impulse combines the absolute value of positive and negative transitions operating in latched mode. 

“Measured with R l = 50 fl and DAC operating in latched mode. 

“Data must remain stable prior to falling edge of LATCH ENABLE signal for specified time. 

“Data must remain stable after rising edge of LATCH ENABLE signal for specified time. 

“Update rate <50 MSPS; output frequency = 5 MHz. 

“Supply voltages should remain stable within ±5% for normal operation. 

“Measured at ±5% of +V S (AD9713 only) and -V s (AD9712 or AD9713) using external reference. 

Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


100% production tested. 

100% production tested at +25°C, and sample tested at 
specified temperatures. 

Sample tested only. 

Parameter is guaranteed by design and 
characterization testing. 

Parameter is a typical value only. 

All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 


ORDERING INFORMATION 


Description 



Package 

Options* 


N-28 
P-28A 
N-28 
P-2 8 A 


*See Section 14 for package outline information. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9712/AD9713 PIN DESCRIPTIONS 
Pin 


No. 

Name 

Function 

1-10 

^2“Dn 

Ten of twelve digital input bits. 

11 

d 12 (LSB) 

Least Significant Bit (LSB) of digital input word. 

12 

DIGITAL -V s 

One of two negative digital supply pins; nominally -5.2 V. 

13 

ANALOG RETURN 

Analog ground return. This point and the reference side of the 
DAC load resistors should be connected to the same potential 
(nominally ground). 

14 

loUT 

Analog current output; full-scale output occurs with digital 
inputs at all “1.” 

15 

ANALOG -V s 

One of two negative analog supply pins; nominally -5.2 V. 

16 

I OUT 

Complementary analog current output; zero scale output occurs 
with digital inputs at all “1.” 

17 

REFERENCE IN 

Normally connected to CONTROL AMP OUT (Pin 18). Direct 


18 


20 

21 

22 

23 


line to DAC current switch network. Voltage changes at this 
point have a direct effect on the full-scale output. Full-scale 
current output =128 (Reference voltage/R SE ^) when using 
internal amplifier. 


CONTROL AMP OUT 


Normally connected 1 
internal control amplii 


m (Pin 17). Output of 
:r, which provides a temperature 
fevel to the current switch network. 

19 CONTROL AMP IN Normally connected to REFERENCE OUT (Pin 20) if not 

connected to externa! reference. Full-scale current out = 128 
(Reference voltage/R SET ) when using internal amplifier. 


REFERENCE OUT! 


rf* a 


1 


DIGITAL -V s 
REFERENCE GROUND 
DIGITAL +Vc 


m — - — iected to^pNI 
voltage referenc^lior"^ "" 

One of ! 


&OL AMP IN (Pin 19). Internal 
^ ||6 V. 

Supply pins; nominally -5.2 V. 


Ground return for the internal voltage reference and amplifier. 

Positive digital supply pin; used only on the AD9713; nominally 
+5 V. 


24 Rset 

25 ANALOG -V s 

26 LATCH ENABLE 

27 DIGITAL GROUND 

28 D x (MSB) 


Connection for external resistance reference. Full-scale current 
out = 128 (Reference voltage/R SEX ) when using internal 
amplifier. 

One of two negative analog supply pins; nominally -5.2 V. 
Transparent latch control line. 

Digital ground return. 

Most Significant Bit (MSB) of digital input word. 




t lpw - LATCH PULSE WIDTH 
ts - INPUT SETUP TIME 
! h - INPUT HOLD TIME 
*st - OUTPUT SETTLING TIME 
tpD - OUTPUT PROPAGATION DELAY 


AD9712/AD9713 Timing Diagram 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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□ ANALOG 
DEVICES 


Ultrahigh Speed 1C 
D/A Converter 


AD9768 


FEATURES 

5ns Settling Time 

100MHz Update Rate 

20mA Output Current 

ECL-Compatible 

40MHz Multiplying Mode 

APPLICATIONS 

Raster Scan & Vector Graphic Displays 
High Speed Waveform Generation 
Digital VCOs 

Ultra-Fast Digital Attenuators 


GENERAL DESCRIPTION 

The Analog Devices AD9768SD D/A converter is a monolithic 
current-output converter which can accept 8 bits of ECL-level 
digital input voltages and convert them into analog signals at 
update rates as high as 100MHz. In addition to its use as a 
standard D/A converter, it can also be utilized as a two-quadrant 
multiplying D/A at multiplying band widths as high as 40MHz. 

An inherently low glitch design is used, and the complementary 
current outputs are suitable for driving transmission lines directly. 
Nominal full-scale output is 20mA, which corresponds to a 1- 
volt drop across a 500 load, or ± 1 volt across 1000 returned to 
+ 1 volt. The actual output current is determined by the on-chip 
reference voltage (Vref ~ ~ 1.26V) and an external current 
setting resistor, R S et- 

Full-scale output current Iout with digital “1” at all inputs is 
calculated with the equation: 


Iout = 4 x 


Vret ~ Vref 
r set 


The setting resistor Rset and the output load resistor should 
both have low temperature coefficients. A complementary 
IOUT also provided. 


AD9768 FUNCTIONAL BLOCK DIAGRAM 



The reference voltage source is a modified bandgap type and is 
nominally - 1.26 volts. This reference supply requires no external 
regulation. To reduce the possibility of noise generation and/or 
instability, pin 15 (REFERENCE OUT) can be decoupled using 
a high-quality ceramic chip capacitor. Stabilization of the internal 
loop amplifier is by a single capacitor connected from pin 17 
(COMPENSATION) to ground. The minimum value for this 
capacitor is 3900pF, although a 0.01 fxF ceramic chip capacitor 
is recommended. 

The incredible speed characteristics of the AD9768SD D/A 
converter make it attractive for a wide range of high speed 
applications. The ability of the unit to operate as a two-quadrant 
multiplying D/A converter adds another dimension to its usefulness 
and makes the AD9768SD a truly versatile device. 
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QDEPIPIP ATIflMQ ^Pi cal @ + 25°C under following conditions unless otherwise noted; 
OrLbiriUHUUNO nominal digital input levels; nominal power supplies; R L = 5011; R SET = 22011; V RET = 0y) 


Parameter 

Units 

AD9768SJD/SD/SE 

RESOLUTION (FS = FULL SCALE) 

Bits 

8 

LSB WEIGHT (CURRENT) 

M-A 

78 

ACCURACY 1 



Differential Nonlinearity 

±%FS 

0.2 

Integral Nonlinearity 

±%FS 

0.2 

Monotonicity 


Guaranteed 

Zero Offset (Initial) 

M-A 

60 

TEMPERATURE COEFFICIENTS 



Zero Offset 

ppmy°C 

1.5 

Reference Voltage ( - 1 .26V) 

ppm/°C 

70 

DIGITAL DATA INPUTS 



Logic Compatibility 


ECL 

Logic Voltage Levels “1” = 

V 

-0.9 

“0” = 

V 

-1.7 

Coding 

Binary (BIN) = 

Unipolar Out 


Offset Binary (OBN) = Bipolar Out 

OUTPUT 



Current (Unipolar) FS 

mA(max) 

2 to 20 (30) 

Iout (@ Pin 13) 



All Digital “1” Input 

mA 

20 

All Digital “0” Input 

mA 

0 

Iout(@P>«14) 



All Digital ‘T’Input 

mA 

0 

All Digital “0” Input 

mA 

20 

Compliance 

V (Pin 13) 

-0.7 to +3.0 


V (Pin 14) 

-1.1 to +3.0 

Impedance 

ft (±15%) 

750 

SPEED PERFORMANCE 



Settling Time (to 0.2% FS) 2 

ns 

5 

Slew Rate 

V/|xs 

400 

Update Rate 

MHz 

100 

Rise Time 

ns 

1.8 

Glitch Energy 

pV-sec 

200 

REFERENCE 



Internal, Monolithic 3 

V 

-1.26 

External, Variable 4 



Voltage-Multiplying Mode 

V(max) 

Oto — 1.1 (-2) 

Current-Multiplying Mode 

mA(max) 

Oto-5(-7.5) 

VOLTAGE-MULTIPLYING MODE 4 (See Figure 2) 



Vm Range (at Pin 16) 

V 

±0.5 

Vm Center 

V 

-0.6 

Resistance (at Pin 16) 

kft 

800 

T ransfer Function - 

Measured at Pin 13; Digital “0” Applied 


to Bits 1-8; 



— 0. 1 Vm Input = 0mA lour 


— 1.1 Vm Input = 0mA lour 


Measured at Pin 13; Digital “1” Applied 


to Bits 1-8; 



— 0.1 Vm Input = 1mA Iout 


- 1 . 1 V M Input = 20mA I OUT 

Large Signal Bandwidth ( - 3dB Point) 

kHz 

250 

CURRENT-MULTIPLYING MODE (See Figure 4) 



I M Range (at Pins 17 & 18) 

mA 

Oto 5 

Resistance (at Pin 18) 

ft 

160 

Transfer Function - 

Measured at Pin 13; Digital “0” Applied 


to Bits 1-8: 



1mA I M Input = 0mA Iout 


5mA I M 

Input = 0mA Iqut 


Measured at Pin 13; Digital “1” Applied 


to Bits 1-8: 



1mA I M Input = 4mA I OUT 


5mA I M 

Input = 20mA Iout 

Large Signal Bandwidth ( - 3dB Point) 

MHz 

40 

POWER REQUIREMENTS 



-5.2V ±0.25 

mA (max) 

66(70) 

+ 5.0V ±0.25 

mA (max) 

14(15) 

Power Dissipation 

mW (max) 

410(430) 

Power Supply Sensitivity 5 

%/% 

0.07 

TEMPERATURE RANGES 6 



Operating 

°C 

-30 to + 115 

Storage 

°c 

— 55 to + 150 

THERMAL RESISTANCE 7 



Junction to Air, 0j A (Free Air) 

°c/w 

90 

Junction to Case, 0j A 

°c / w 

20 

PACKAGE OPTIONS 8 



Ceramic (D- 18) 


AD9768JD 



AD9768SD 

LCC (E-20A) 


AD9768SE 


AD9768JD/SD PIN CONNECTIONS 


p MSB [T ( 

[I 
[ I 
E 
E 
E 
E 
•E 

V EE {-5.2V) [T 


18 | Rset 

77] COMPENSATION 
~T6~] REFERENCE IN 
jFJ REFERENCE OUT 
77] OUTPUT (y 
77] OUTPUT do) 

77] ANALOG RETURN 
77] DIGITAL GROUND 
To] V CC ( + 5V) 


AD9768SE PIN CONNECTIONS 



NOTES 

'Relative to FS, including linearity (within voltage compliance limits). 

2 Worst case settling time; includes FS and Most Significant Bit (MSB) transitions. 
3 Applies when operating AD9768 as standard D/A. 

“Based on R L = 50 ohms; R SE t = 220 ohms; V RET = OV. 

s l% change in either power supply voltage causes 0.07% change in analog output. 

6 Case temperature. 

7 Maximum junction temperature 125°C. 

8 See Section 14 for package outline information. 

Specifications subject to change without notice. 


For applications assistance, phone Computer Labs Division at (919) 668-95 1 1 
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Theory of Operation - AD9768 



THEORY OF OPERATION 

Refer to the AD9768SD schematic. 

The transistors pictured on the bottom of the diagram, connected 
to paired transistors in the middle of the schematic, are current 
sources which are always “on”. The paired transistors are dif- 
ferential current switches, designed to steer current from the 
current sources to either pin 13 (Io) or pin 14 (I 0 ). 

Digital inputs applied to pins 1-8 determine which transistors 
will be operating in each pair and establish what current will 
flow at pins 13 and 14. 

The transistor on the extreme left of the schematic is a base 
reference for the paired current switches and is used to assure 
the switches will be centered around an ECL voltage swing. 

The diodes connected to the base of this transistor are temperature 
compensation devices for the base reference circuit. 

There are three different current sources in the AD9768 D/A. 
The eight transistors shown on the bottom of the schematic are 
structured as two identical groups of four current sources, each 
of which is binarily weighted. The MSB group, comprised of 
the four on the right, is connected to the LSB group through a 
15:1 current divider made up of two 500 and two 7500 resistor 
networks. The geometry of the AD9768 guarantees the binary 
weighing ratios among the 100, 200, 400 and 800 resistors in 
each emitter circuit are correct. 

The resistor values which are shown indicate the ratios among 
the resistors, and not their nominal values. 

The third current source is a single transistor, pictured in the 
lower left portion of the schematic with its collector connected 
to pin 18 Rset- Its function is to help establish the base voltage 
on the eight current sources; it works in conjunction with the 
external Rset resistor selected by the user of the AD9768, and 
the reference amplifier. Current flowing through this transistor 
is referred to as I M in the figures and test. 

When the AD9768 is operating as a conventional current-output 
D/A converter, I M develops a voltage across Rset which is one 
of the inputs to the on-board reference amplifier shown in the 
schematic. The other input to this amplifier is the on-chip reference 
voltage of — 1.26 volts. 

The output of the reference amplifier adjusts the current-source 
base reference voltage at pin 17; this, in turn, adjusts the value 
of I M in the single-transistor current source and causes it to 
develop a voltage across Rset which maintains pin 18 at the 


- 1.26 volts of the on-chip reference supply. 

To maintain good stability in the internal loop reference amplifier, 
a ceramic chip capacitor with a nominal value of 0.01 p-F should 
be connected to pin 17 COMPENSATION; minimum recom- 
mended value for this capacitor is 3900pF. 

The temperature coefficient of the load resistor (R L ) can affect 
the performance of the AD9768 D/A converter, as it can with 
any current-output converter. The design and use of the AD9768 
and its dependence on an external Rset resistor, however, make 
it sensitive also to the tempco of Rset* The user is cautioned to 
select R l and Rset resistors which have low temperature 
coefficients. 

DIGITAL GROUND (pin 11) and ANALOG RETURN (pin 
12) are normally connected together; this connection should be 
made as close as possible to the device case to minimize possible 
noise problems. The AD9768 D/A is similar to any other high- 
speed, high performance device: optimum use requires careful 
attention to all design details, including the layout of the circuit 
in which the converter is used. 

CONVENTIONAL AD9768 

Refer to Figure 1, Conventional AD9768SD. 



Figure 1. Conventional AD9768SD 

The output current of the AD9768 appears at pin 13 (Io) and 
develops a voltage across the load resistor Rl which is based 
on: 

A. I M (the current flowing through the single-transistor 
source discussed above) 

B. Value of R L 

I M is a function of the return voltage (V RET ), the reference 
voltage (Vref)» and the value of Rset! all of these are selected 
by the user for his application. The necessary equations for 
calculating precise values for each are part of Figure 1 . As indicated, 
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the voltage drop across R L is added to the return voltage; the 
resulting voltage is the total Vout of the converter. 

VOLTAGE MULTIPLYING MODE 

In addition to its use as an ultra-high speed current output D/A 
converter, the AD9768 can also be used as a two-quadrant 
multiplying D/A in either a voltage mode or a current mode. 

Refer to Figure 2, Multiplying AD9768 (Voltage Mode). 



Figure 2. Multiplying AD9768 (Voltage Mode) 

When operating in this mode, the analog output of the AD9768 
is influenced by the digital inputs and an external multiplying 
voltage (Vm) applied to pin 16 REFERENCE IN, which takes 
the place of the internal reference used when the D/A is operating 
in a conventional manner. 

The value of I M flowing through R S et is set by the voltage of 
V RET minus the multiplying voltage (V M ), divided by R S et; the 
amount of this current is part of the equation which establishes 
the analog output (Vout) of the AD9768 and is chosen by the 
user for his application. As it is when operating the D/A in a 
conventional fashion, Vret can be any value between 0 volts 
and + 3 volts. Vm (for purposes of discussion here) is some 
negative voltage and can be varied over a range which is approx- 
imately 1 volt peak-to-peak. 

If the load resistor (R L ) has a value of 50 ohms, if R S et has a 
value of 220 ohms, and if V RE t is 0V, the center of the V M 
voltage will be -0.6V; and it can vary from -0.1V to - 1.1V. 
Typically, the frequency of these variations has an upper limit 
of 250kHz when operating in the voltage multiplying mode; that 
frequency is the 3dB point of the bandwidth of the internal 
reference amplifier. 



Figure 3. Iqut vs - Multiplying Voltage 


The combined effects of variations in V M and changes in digital 
input values are shown in Figure 3, Iout vs. Multiplying Voltage. 
In this illustration, the ordinate of the graph is expressed in 
terms of milliamps of Iout current at pin 13. V 0 utj of course, 
will be a function of the value of Rl chosen by the user. 

The negative value of Vm on the horizontal axis is shown starting 
at approximately -0.1V, rather than 0V, because the AD9768 
must have some small value of voltage applied to perform a 
multiplying function. For the conditions shown in the figure, 
output current starts to become nonlinear at approximately 


20mA because of the maximum 30mA output drive capabilities 
of the device. Different values for Rset and R L would alter the 
point where limiting first appears. 

CURRENT MULTIPLYING MODE 

The AD9768 D/A converter can be operated at markedly higher 
multiplying rates when operated in a current-multiplying mode, 
as contrasted with the voltage-multiplying mode. Refer to Figure 
4, Multiplying AD9768SD (Current Mode). 





Figure 4. Multiplying AD9768SD ( Current Mode) 

In this mode, the internal reference amplifier and its inherent 
frequency limitations are replaced by a current source comprised 
of U1 and associated circuits. These circuits supply a unipolar 
current Im which is one-fourth the full-scale output current 
(with digital “1” applied to all inputs) and set current flow 
through the load resistor. 

Vin is some voltage chosen by the user for his particular application; 
the value of this voltage is based in part on the size of the load 
resistor and the 0mA to 5mA range of Im- Vin can have frequency 
components as high as 40MHz. Vadj and Radj provide an 
offset adjustment to compensate for the dc component of Vin to 
assure I M is always a unipolar current between 0mA and 5mA. 
The values of the required voltages and resistors can be calculated 
using the equations which are part of Figure 4. 

Refer to Figure 5, Iqut vs. Multiplying Current. 



l„-mA 

Figure 5. Iqut vs. Multiplying Current 


As shown, I M can vary over the range of 0mA to 5mA; a value 
of approximately 0.3mA may be the practical lower limit because 
of nonlinearities at extremely small current levels. These changes 
in I M are combined with variations in digital inputs, producing 
complex changes in the output current (at pin 13) and in Vout- 
The “rounding” of the current curve in the graph is the result 
of Iout approaching the 30mA maximum drive capabilities of 
the AD9768 and needs to be taken into account to assure optimum 
performance in the selected application. 
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□ ANALOG 
DEVICES 


AD DAC71/AD DAC72* 


High Resolution 
16-Bit D/A Converters 


FEATURES 
16-Bit Resolution 
±0.003% Maximum Nonlinearity 
Low Gain Drift ± 7ppm/°C 
0 to +70°C Operation (AD DAC71, AD DAC71H, 
AD DAC72C) 

-25°C to + 85°C Operation (AD DAC72) 

Current and Voltage Models Available 
Improved Second-Source 
Low Cost 


AD DAC71/AD DAC 72 FUNCTIONAL BLOCK DIAGRAM 



6.3V REF OUT 
+ 15V 

GAIN ADJUST 
SUMMING JUNCTION 
COMMON 
-15V 
+ 5V 

VoUT 
BIT 16 
BIT 15 
BIT 14 
BIT 13 


PRODUCT DESCRIPTION 

The AD DAC71 and AD DAC72 are high resolution 16-bit 
hybrid IC digital-to-analog converters including reference, scaling 
resistors and output amplifier (V models). 

The devices offer outstanding accuracy, including maximum 
linearity error of 0.003% at room temperature and maximum 
gain drifts of 15ppm/°C (AD DAC71, AD DAC71H, AD DAC72C) 
and 7ppm/°C (AD DAC72). This performance is possible due to 
the innovative design, using proprietary monolithic D/A converter 
chips. Laser- trimmed thin film resistors provide the linearity 
and wide temperature range for guaranteed monotonicity. 

The AD DAC71 and AD DAC72 digital inputs are TTL-com- 
patible. Coding is complementary straight binary (CSB) for 
unipolar output versions and complementary offset binary (COB) 
for bipolar output versions. 

All versions are packaged in a 24-pin metal DIP. The AD DAC71, 
AD DAC71H and AD DAC72C are specified for operation from 
0 to + 70°C, and the AD DAC72 is specified from — 25°C to 
+ 85°C. The AD DAC71H, AD DAC72 and AD DAC72C are 
supplied in hermetically-sealed packages. 

The AD DAC71 and AD DAC72 are intended to serve as improved 
second sources to DAC71 and DAC72 devices from other 
manufacturers. 


PRODUCT HIGHLIGHTS 

1. The AD DAC71 and AD DAC72 provide 16-bit resolution 
with 0.003% linearity error. 

2. The proprietary chips used in the hybrid design provide 
excellent stability over temperature and improved reliability. 

3. Unipolar and bipolar current and voltage output versions are 
available to fill a wide range of system requirements. 

4. The AD DAC71 and AD DAC72 are improved second source 
replacements for DAC71 and DAC72 devices from other 
manufacturers. 


♦Covered by Patent Numbers: 3,978,473; RE28,633; 4,020,486; 3,747,088; 
3,803,590; 3,961,326; 4,213,806; 4,136,349. 
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(@ T a = +25°C f rated power supplies unless otherwise noted) 



AD DAC71/AD DAC71H 

AD DAC72C 

AD DAC72 


MODEL 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

DIGITAL INPUTS 





Resolution 

16 

16 

16 

Bits 

Logic Levels (TTL-Compatible) 1 





Logical “1” 

+ 2.4 +5.5 

+ 2.4 +5.5 

+2.4 +5.5 

Vdc 

Logical “0” 

+ 0 +0.4 ! 

+ 0 +0.4 

+ 0 +0.4 

Vdc 

ACCURACY 2 





Linearity Error at 25°C 

±0.003 

±0.003 

±0.003 

% of FSR 3 

Gain Error 4 , Voltage 

±0.01 ±0.1 

±0.05 ±0.15 

±0.05 ±0.15 

% 

Current 

±0.05 ±0.25 

±0.05 ±0.25 

±0.05 ±0.25 

% 

Offset Error 4 , Voltage, Unipolar 

±0.1 ±2.0 

±0.1 ±2.0 

±0.1 ±2.0 

mV 

Voltage, Bipolar 

±5.0 

±10.0 

±10.0 

mV 

Current, Unipolar 

±1.0 

±1.0 

±1.0 

M-A 

Current, Bipolar 

±5.0 

±5.0 

±5.0 

m-A 

Monotonicity Temp. Range (14-Bits) 

0 +50 

0 +50 


°c 

DRIFT (Over Specified Temp. Range) 





Total Bipolar Drift (includes gain, offset, 





and linearity drift) 





Voltage 





T^nU^S'C 

±7 ±15 

±7 ±15 

±5 ±19 

ppmofFSR/°C 

25°ctoT m „ 

±7 ±15 

±7 ±15 

±5 ±11 

ppm of FSR/°C 

Current 





T min tO T max 

±15 

±15 

±10 

ppmofFSR/°C 

TOTAL ERROR OVER TEMP. RANGE 5 





Voltage, Unipolar 





Tmi„tO + 25°C 

±0.083 

±0.083 

±0.100 

% of FSR 

+ 25°CtoT m » 

±0.083 

±0.083 

±0.072 

% of FSR 

Voltage, Bipolar 





Tmin to +25°C 

±0.071 

±0.071 

±0.100 

% of FSR 

+ 25 0 CtoT ma * 

±0.071 

±0.071 

±0.072 

% of FSR 

Current, Unipolar (T min to T m .v) 

±0.23 

±0.23 

±0.24 

% of FSR 

Bipolar (Tmin to T — ) 

±0.23 

±0.23 

±0.24 

% of FSR 

TEMPERATURE COEFFICIENTS 





Gain 





Voltage 





Tmin to + 25°C 

±15 

±15 

±15 

ppmofFSR/°C 

+ 25°C to Tnuot 

±15 

±15 

±7 

ppm of FSR/°C 

Current 

±15 

±15 

±10 

ppmofFSR/°C 

Offset 





Voltage, Unipolar 

±1 ±2 

±1 ±2 

±1 ±2 

ppmofFSR/°C 

Bipolar 

±10 

±10 

±8 

ppmofFSR/°C 

Current, Unipolar 

±1 

±1 

±1 

ppmofFSR/°C 

Bipolar 

±15 

±15 

±10 

ppmofFSR/°C 

Differential Linearity over Temperature 

±2 

±2 

±1 

ppmofFSR/°C 

Linearity Error over Temperature 

±2 

±2 

±1 

ppmofFSR/°C 

SETTLING TIME 





Voltage Models (to ± 0.003% of FSR) 





Output: 20V Step 

5 10 

5 10 

5 10 

|XS 

1LSB Step 6 

3 5 

3 5 

3 5 

ps 

Slew Rate 

20 

20 

20 

V/ps 

Current Models (to ± 0.003% of FSR) 7 





Output: 2mA step lOfl to 100ft Load 

1 

1 

1 

ps 

lkftLoad 

3 

3 

3 

ps 

Switching T ransient 

500 

500 

500 

mV 

ANALOG OUTPUT 





Voltage Models 





Ranges-CSB 

Oto + 10 

Oto + 10 

Oto + 10 

V 

COB 

±10 

±10 

±10 

V 

Output Current 

±5 

±5 

±5 

mA 

Output Impedance (dc) 

0.05 

0.05 

0.05 

ft 

Short Circuit Duration 

Indefinite to Common 

Indefinite to Common 

Indefinite to Common 


Current Models 





Ranges-CSB 

Oto -2 

Oto -2 

Oto -2 

mA 

COB 

±1 

±1 

±1 

mA 

Output Impedance-Unipolar 

6.0 

6.0 

6.0 

kft 

Bipolar 

3.0 

3.0 

3.0 

kD 

Compliance 

-1.5 +10 

-1.5 +10 

- 1.5 + 10 

V 

INTERNAL REFERENCE VOLTAGE 




V 

Maximum External Current 8 

Hi i E 

■ / . : /• , ' : 

BT/.,-. 

mA 

Temp. Coeff. of Drift 




ppm/°C 

POWER SUPPLY SENSITIVITY 





Unipolar Offset 





± 15V dc 


±0.0001 

±0.0001 

% of FSR/% V s 

+ 5Vdc 

■ 

±0.0001 

±0.0001 

%ofFSR/% V s 

Bipolar Offset 





± 15V dc 


±0.0004 

±0.0004 

% of FSR/% V s 

+ 5Vdc 


±0.0001 

±0.0001 

% of FSR/% V s 
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AD DAC71/AD DAC72 



| AD DAC71/AD DAC71H 1 

! AD DAC72C j 

1 AD DAC72 



MODEL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY SENSITIVITY 











(Continued) 











Gain 











± 15V dc 


±0.001 



±0.001 



±0.001 


% of FSR/% Vs 

+ 5 V dc 


±0.0005 



±0.0005 



±0.0005 


%ofFSR/% Vs 

POWER SUPPLY REQUIREMENTS 











DAC71/72 

±14.5, 

±15.0, 

±15.5, 

±14.5, 

±15.0, 

±15.5, 

±14.5, 

±15.0, 

±15.5, 



+ 4.75 

+ 5.0 

+ 5.25 

+ 4.75 

+ 5.0 

+ 5.25 

+ 4.75 

+ 5.0 

+ 5.25 

V dc 

Supply Drain, + 1 5V dc (no load) 


10 

20 


10 

20 


10 

20 

mA 

- 15V dc (no load) 


30 

55 


30 

55 


30 

55 

mA 

+ 5 V dc (logic supply) 


10 

20 


10 

20 


10 

20 

mA 

TEMPERATURE RANGE 











Specification 

0 


+ 70 

0 


+ 70 

-25 


+ 85 

°C 

Operating (double above Drift Specs) 

-25 


+ 85 

-25 


+ 85 

-55 


+ 100 

°C 

Storage 

-55 


+ 100 

-55 


+ 100 

-55 


+ 110 

°c 


NOTES 

1 Adding external CMOS hex buffers CD4009A will provide 1 5V dc CMOS input compatibility . ’With gain and offset errors adjusted to zero at 25°C. 

2 Accuracy is specified when using internal feedback resistors. Current output 6 LSB is for 14-bit resolution, 

specifications are guaranteed at the voltage output of an external op amp using Parameter guaranteed, not tested, 

the internal feedback resistor. 8 Maximum with no degradation of specification. 


3 FSR means Full Scale Range and is 20V for ± 10V range. 
Adjustable to zero with external trim potentiometer. 


Specifications subject to change without notice. 


+ V< 



Figure 1. External Adjustment and Voltage Supply Con- 
nection Diagram, Current Model 



Figure 2. External Adjustment and Voltage Supply Con- 
nection Diagram, Voltage Model 


ORDERING GUIDE 

Temperature Package 

Model Output Input Code Range Seal Option* 

ADDAC71-COB-I Current Comp. Offset Binary Oto +70°C Polymer DH-24D 

ADDAC71-CSB-I Current Comp. Straight Binary 0to+70°C Polymer DH-24D 

ADDAC71H-COB-I Current Comp. Offset Binary 0 to + 70°C Hermetic DH-24D 

ADDAC71H-CSB-I Current Comp. Straight Binary 0 to + 70°C Hermetic DH-24D 

AD DAC72C-COB-I Current Comp. Offset Binary 0 to + 70°C Hermetic DH-24D 

AD DAC72C-CSB-I Current Comp. Straight Binary 0to+70°C Hermetic DH-24D 

AD DAC72-COB-I Current Comp. Offset Binary — 25°Cto+85°C Hermetic DH-24D 

AD DAC72-CSB-I Current Comp. Straight Binary -25°Cto+85°C Hermetic DH-24D 

ADDAC71-COB-V Voltage Comp. Offset Binary 0to+70°C Polymer DH-24D 

ADDAC71-CSB-V Voltage Comp. Straight Binary 0to+70°C Polymer DH-24D 

ADDAC71H-COB-V Voltage Comp. Offset Binary Oto +70°C Hermetic DH-24D 

ADDAC71H-CSB-V Voltage Comp. Straight Binary 0to+70°C Hermetic DH-24D 

AD DAC72C-COB-V Voltage Comp. Offset Binary 0to+70°C Hermetic DH-24D 

AD DAC72C-CSB-V Voltage Comp. Straight Binary 0to+70°C Hermetic DH-24D 

AD DAC72-COB-V Voltage Comp. Offset Binary - 25°C to + 85°C Hermetic DH-24D 

AD DAC72-CSB-V Voltage Comp. Straight Binary - 25°C to + 85°C Hermetic DH-24D 

*See Section 14 for package outline information. 
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PRESERVING THE ACCURACY OF THE AD DAC71 
AND AD DAC72 

A great deal of care must be exercised when using high resolution 
converters such as the AD DAC71 and AD DAC72. Since one 
least significant bit of a 16-bit converter (LSB) represents an 
analog voltage of only 153 microvolts out of a 10V scale, normally 
negligible error sources become significant. Series resistances of 
connectors and wiring can be major contributors, as can ther- 
mocouple effects. Figure 3 illustrates the connections for voltage 
output versions of the AD DAC71 and AD DAC72. 



Figure 3. AD DAC71 and AD DAC72 Connection Diagram 
(Voltage Models) 

In this circuit, the analog output voltage is accurately developed 
between pin 17 and pin 20 of the DAC. The voltage measured 
at the load will be inaccurate if there is significant resistance in 
the wiring (and any connectors) between the DAC and the load. 
If the load resistance is constant, the effects of Rwi and R W2 
can be treated as a simple gain error, and can be trimmed out. 
However, if R L is variable, then Rwi and Rw 2 should be re- 

duced to a value less than L „^ IN ' This will reduce the effect of 
2 16 

the wiring resistances to a gain error of less than 1LSB. The 
AD DAC71 and AD DAC72 are rated at an output current of 
5mA which translates to a minimum load resistance of 2kfl. 
Thus wiring resistances should be held to a maximum of 30 
milliohms. This corresponds to approximately six inches of #28 
wire or a six inch long printed circuit track 0.050 inches wide. 

The current output versions of the AD DAC71 and AD DAC72 
use an external operational amplifier to convert the output current 
to an output voltage. The recommended configuration is shown 
in Figure 4. Notice that this configuration permits the voltage at 



Figure 4. Connections for AD DAC71 and AD DAC72 Current 
Output Versions 


the load to the sensed remotely. The resistance (Rwi) of the 
lead connecting the load to the internal feedback resistor in- 
troduces a gain error equal to p W1 " , independent of Rload 
^LOAD 

and R W2 - The error contributed by Rw 3 depends upon where 
the output is measured. If the output is measured between the 
top of Rload and pin 20 of the DAC, no error results since 
R W3 effectively becomes part of the load resistance. 

In applications where R W3 is large or large currents flow in 
R W3 , it is necessary to use remote sensing as shown in Figure 5. 



Figure 5. Use of Output Amplifier as Subtractor for Remote 
Ground Sensing 

This circuit uses the output amplifier as a subtractor stage. Any 
spurious voltage developed across R W3 becomes a common 
mode voltage and its error contribution is reduced by the common 
mode rejection of the op amp. 

In the circuits of both Figure 4 and Figure 5, Rw 2 ’s effect is 
negligible since it is inside the loop of the amplifier. If current 
boosting is required in order to drive heavy loads, a suitable 
booster stage can be inserted between the amplifier’s output and 
the load. Since the loop is closed from the load end, offsets and 
other errors induced by the booster are eliminated. 

It is also important to minimize thermocouple effects in circuitry 
using the AD DAC71 and AD DAC72. Recalling that 1LSB of 
a 16 bit, 10 volt scale converter is only 153 microvolts, a stray 
uncompensated thermocouple can introduce several LSBs of 
offset in response to minor changes in ambient temperature. 

Any part of a circuit which includes a junction between two 
dissimilar metals forms a thermocouple. Such junctions include 
connectors, sockets, and any soldered connections. The solution 
to thermocouple errors is to insure that every junction is cancelled 
by an identical, but opposite, junction at the same temperature. 
While this is often automatically accomplished (for example, in 
a connector carrying both signal and return leads), careful attention 
should be given to the physical layout of circuits using the AD 
DAC71 and AD DAC72. 

Another source of signal degradation in high-resolution converter 
circuits is magnetically-coupled interference from stray fields. 
Signal and return leads should be arranged in a way which 
minimizes both length and the total cross-section area of the 
loop. Of course, high resolution circuits should be located as far 
as possible from any sources of electromagnetic interference, 
including power transformers, digital logic and electromechanical 
devices. 
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ANALOG 

DEVICES 


Complete Low Cost 12-Bit 
D/A Converters 


AD DAC80/AD DAC85/AD DAC87 


FEATURES 


AD DAC80 SERIES FUNCTIONAL BLOCK DIAGRAMS 


Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300m W 
Monotonicity Guaranteed over Temperature 
Guaranteed for Operation with ± 12V Supplies 
Improved Replacement for Standard DAC80, DAC800 
HI-5680 

High Stability, High Current Output 
Buried Zener Reference 
Laser Trimmed to High Accuracy: 

±1/2LSB max Nonlinearity 
Low Cost Plastic Packaging 



•NC - MONOLITHIC VERSIONS 
+ 5V- HYBRID VERSIONS 


PRODUCT DESCRIPTION 

The AD DAC80 Series is a family of low cost 12-bit digital- to-ana- 
log converters with both a high stability voltage reference and 
output amplifier combined on a single monolithic chip. The AD 
DAC80 Series is recommended for all low cost 12-bit D/A converter 
applications where reliability and cost are of paramount 
importance. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional 
DAC80 devices. Innovative circuit design reduces the total 
power consumption to 300mW which not only improves reliability 
but also improves long term stability. 

The AD DAC80 incorporates a fully differential, non-saturating 
precision current switching cell structure which provides greatly 
increased immunity to supply voltage variation. This same struc- 
ture also reduces nonlinearities due to thermal transients as the 
various bits are switched; nearly all critical components operate 
at constant power dissipation. High stability, SiCr thin film 
resistors are trimmed with a fine resolution laser, resulting in 
lower differential nonlinearity errors. A low noise, high stability, 
subsurface Zener diode is used to produce a reference voltage 
with excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete Zener references. 

The AD DAC80 Series is available in three performance grades 
and two package types. The AD DAC80 is specified for use 
over the 0 to + 70°C temperature range and is available in 
both plastic and ceramic DIP packages. The AD DAC85 and 
AD DAC87 are available in hermetically sealed ceramic packages 
and are specified for the — 25°C to + 85°C and — 55°C to -I- 125°C 
temperature ranges. 


PRODUCT HIGHLIGHTS 

1 . The AD DAC80 series of D/A converters directly replaces all 
other devices of this type with significant increases in 
performance. 

2. Single chip construction and low power consumption provides 
the optimum choice for applications where low cost and high 
reliability are major considerations. 

3. The high speed output amplifier has been designed to settle 
within 1/2LSB for a 10V full scale transition in 2.0|xs, when 
properly compensated. 

4. The precision buried Zener reference can supply up to 2.5mA 
for use elsewhere in the application. 

5. The low TC binary ladder guarantees that all units are 
monotonic over the specified temperature range. 

6. System performance upgrading is possible without redesign. 

PRODUCT OFFERING 

Analog Devices has developed a number of technologies to 
support products within the data acquisition market. In serving 
the market new products are implemented with the technology 
best suited to the application. The DAC80 series of products 
was first implemented in hybrid form and now it is available in 
a single monolithic chip. We will provide both the hybrid and 
monolithic versions of the family so that in existing designs 
changes to documentation or product qualification will not have 
to be done. Specifications and ordering information for both 
versions are delineated in this data sheet. 
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(T a = +25°C, rated power supplies unless otherwise noted.) 


Model 

Min 

AD DAC80 

Typ 

Max I 

AD DAC85 

Min Typ 

Max jj 

Min 

AD DAC87 

Typ 

Max | 

Units 

TECHNOLOGY 

j Monolithic ] 

| Monolithic | 

Monolithic J 


DIGITAL INPUT 











Binary -CBI 



12 



12 



12 

Bits 

BCD -CCD 


- 



- 



- 


Digits 

Logic Levels (TTL Compatible) 











V IH (Logic “1”) 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

V 

Vu. (Logic “0”) 

0 


+ 0.8 

0 


+ 0.8 

0 


+ 0.8 

V 

Iih(Vih = 5.5V) 



250 



250 



250 

M-A 

Iil(Vil = 0.8V) 



100 



100 



100 

(j.A 

TRANSFER CHARACTERISTICS 











ACCURACY 











Linearity Error (a + 25°C 











CBI 



±1/2 



±1/2 



±1/2 

LSB 1 

CCD 










LSB 

Ta@ T m jn toT max 


±1/4 

±1/2 


±1/4 

±1/2 


±1/2 

±3/4 

LSB 

Differential Linearity Error @ + 25°C 











CBI 



±3/4 



±3/4 



±3/4 

LSB 

CCD 










LSB 

TA@T min toT mi>x 



±3/4 



±1 



±1 

LSB 

Gain Error 2 


±0.1 

±0.3 


±0.1 

±0.2 


±0.1 

±0.2 

% FSR 3 

Offset Error 2 


±0.05 

±0.15 


±0.05 

±0.1 


±0.05 

±0.1 

%FSR 3 

Temperature Range for Guaranteed 











Monotonicity 

0 


+ 70 

-25 


+ 85 

-55 


+ 125 

°C 

DRIFT (T min to T max ) 











Total Bipolar Drift, max (includes gain, 











offset, and linearity drifts) 



±20 



±20 



±30 

ppmofFSR/°C 

Total Error (T min to T max ) 4 











Unipolar 


±0.08 

±0.15 


±0.12 

±0.2 


±0.18 

±0.3 

% of FSR 

Bipolar 


±0.06 

±0.10 


±0.08 

±0.12 


±0.14 

±0.24 

% of FSR 

Gain 











Including Internal Reference 


±15 

±30 



±20 



±20 

ppmofFSR/°C 

Excluding Internal Reference 


±4 

±7 



±10 



±10 

ppmofFSR/°C 

Unipolar Offset 


±1 

±3 



±3 



±3 

ppm of FSR/°C 

Bipolar Offset 


±5 

±10 



±10 



±10 

ppmofFSR/°C 

CONVERSION SPEED 











Voltage Model (V) 5 











Settling Time to ±0.01% of FSR for 











FSR change (2kft||500pF load) 











with lOkflFeedback 


3 

4 


3 

4 


3 

4 

p.S 

with 5kflFeedback 


2 

3 


2 

3 


2 

3 

ps 

For LSB Change 


1 



1 



1 


(AS 

Slew Rate 

10 



10 



10 



V/(AS 

Current Model (I) 











Settling Time to ±0.01% of FSR 











for FSR Change 10 to 1000 Load 


300 



300 



300 


ns 

for lkfl Load 


1 



1 



1 


(AS 

ANALOG OUTPUT 











Voltage Models 











Ranges -CBI 


±2.5, ±5, ±10, 



±2.5, ±5, ±10, 



±2.5, ±5, ±10, 


V 



+ 5, +10 



+ 5, +10 



+ 5, + 10 



-CCD 










V 

Output Current 

±5 



±5 



±5 



mA 

Output Impedance (dc) 


0.05 



0.05 



0.05 


n 

Short Circuit Current 



40 



40 



40 

mA 

Current Models 











Ranges -Unipolar 

-1.96 

-2.0 

-2.04 

-1.96 

-2.0 

-2.04 

-1.96 

-2.0 

-2.04 

mA 

-Bipolar 

±0.96 

±1.0 

±1.04 

±0.96 

±1.0 

±1.04 

±0.96 

±1.0 

±1.04 

mA 

Output Impedance - Bipolar 

2.5 

3.2 

4.1 

2.5 

3.2 

4.1 

2.5 

3.2 

4.1 

kfl 

- Unipolar 

5.0 

6.6 

8.2 

5.0 

6.6 

8.2 

5.0 

6.6 

8.2 

kfi 

Compliance 

-2.5 


+ 10 

-2.5 


+ 10 

-2.5 


+ 10 

V 

Internal Reference Voltage (Vr) 

+ 6.23 

+ 6.3 

+ 6.37 

+ 6.23 

+ 6.3 

+ 6.37 

+ 6.23 

+ 6.3 

+ 6.37 

V 

Output Impedance 


1.5 



1.5 



1.5 


n 

Max External Current 6 



+ 2.5 



+ 2.5 



+ 2.5 

mA 

Tempco of Drift 


±10 

±20 


±10 

±20 



±10 

ppm of V R /°C 

POWER SUPPLY SENSITIVITY 











± 15V ± 10%, 5V supply when applicable 



±0.002 



±0.002 



±0.002 

%ofFSR/%V s 

± 12V ± 5% 



±0.002 



±0.002 



±0.002 

%ofFSR/%V s 

POWER SUPPLY REQUIREMENTS 











Rated Voltages 


±15 



±15 



±15 


V 

Range 











Analog Supplies 

± 11.4 7 


±16.5 

± 11.4 7 


±16.5 

±11.4' 


±16.5 

V 

Logic Supplies 









V 


Supply Drain 











+ 12, + 15V 


5 

10 


5 

10 


5 

10 

mA 

-12, -15V 


14 

20 


14 

20 


14 

20 

mA 

+ 5V 










mA 

TEMPERATURE RANGE 











Specification 

0 


+ 70 

-25 


+ 85 

-55 


+ 125 

°C 

Operating 

-25 


+ 85 

-55 


+ 125 

-55 


+ 125 

°C 

Storage 

-25 


+ 125 

-65 


+ 150 

-65 


+ 150 

°C 


NOTES 

'Least Significant Bit. 

Adjustable to zero with external trim potentiometer. 

3 FSR means “Full Scale Range” and is 20V for the ± 10V range and 10V for the ± 5 V Range. 
4 Gain and offset errors adjusted to zero at + 25°C. 

5 Cf = 0, see Figure la. 

6 Maximum with no degradation of specification, must be a constant load. 


A minimum of ± 12.3V is required for a ± 10V full scale output and 
± 11.4V is required for all other voltage ranges. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD DAC80/AD DAC85/AD DAC87 


SPECIFICATIONS 


(T a = +25°C, rated power supplies 
unless otherwise noted.) 


Model 

AD DAC80 

AD DAC85C 

AD DAC85 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

TECHNOLOGY 

Hybrid 

Hybrid 

Hybrid 


DIGITAL INPUT 





Binary -CBI 

12 

12 

12 

Bits 

BCD -CCD 

3 

3 

3 

Digits 

Logic Levels (TTL Compatible) 





V, H (Logic “1”) 

+ 2.0 +5.5 

+ 2.0 +5.5 

+ 2.0 +5.5 

V 

Vii. (Logic “0”) 

0 +0.8 

0 +0.8 

0 +0.8 

V 

I[h(Vih = 5.5V) 

+ 250 

+ 250 

+ 250 

pA 

In. (Vil = 0.8V) 

-100 

- 100 

-100 

pA 

TRANSFER CHARACTERISTICS 





ACCURACY 





Linearity Error (tc + 25°C 





CBI 

± 1/4 ± 1/2 

±1/2 

±1/2 

LSB 1 

CCD 

± 1/8 ± 1/4 

±1/4 

±1/4 

LSB 

T A T m j n toT max 

± 1/4 ± 1/2 

± 1/4 ± 1/2 

± 1/2 ± 1/2 

LSB 

Differential Linearity Error (it + 25°C 





CBI 

± 1/2 ± 3/4 

±1/2 

±1/2 

LSB 

CCD 

± 1/4 ± 1/2 

±1/2 

±1/2 

LSB 

T A f« T min toT max 

±1 

±1 

±1 

LSB 

Gain Error 2 

±0.1 ±0.3 

±0.1 

±0.1 

% FSR 3 

Offset Error 2 

±0.05 ±0.15 

±0.05 

±0.05 

%FSR 3 

T emperature Range for Guaranteed 





Monotonicity 

0 +70 

0 +70 

-25 +85 

°C 

DRIFT (T min to T m „) 





Total Bipolar Drift, max (includes gain, 





offset, and linearity drifts) 

±20 



ppm ofFSR/°C 

Total Error (T min to T max ) 4 





Unipolar 

±0.08 ±0.15 



% of FSR 

Bipolar 

±0.06 ±0.10 



% of FSR 

Gain 





Including Internal Reference 

±15 ±30 

±20 

±20 

ppmofFSR/°C 

Excluding Internal Reference 

±5 ±7 

±10 

±10 

ppmofFSR/°C 

Unipolar Offset 

±1 ±3 

±1 

±1 

ppmofFSR/°C 

Bipolar Offset 

±5 ±10 

±10 

±10 

ppmofFSR/°C 

CONVERSION SPEED 





Voltage Model (V) 5 





Settling Time to ±0.01% of FSR for 





FSR change (2kn||500pF load) 





with lOkflFeedback 

5 

5 

5 

ps 

with 5kflFeedback 

3 

3 

3 

M-S 

For LSB Change 

1.5 

1.5 

1.5 

|AS 

Slew Rate 

10 15 

20 

20 

V/(XS 

Current Model (I) 





Settling Time to ±0.01%ofFSR 





for FSR Change 10 to lOOfi Load 

300 

300 

300 

ns 

for lkfl Load 

1 

1 

1 

ps 

ANALOG OUTPUT 





Voltage Models 





Ranges -CBI 

±2.5, ±5, ±10, 

±2.5, ±5, ±10, 

±2.5, ±5, ±10, 

V 


+ 5, + 10 

+ 5, +10 

+ 5, + 10 


-CCD 

±10 

+ 10 

+ 10 

V 

Output Current 

±5 

±5 

±5 

mA 

Output Impedance (dc) 

0.05 

0.05 

0.05 

n 

Short Circuit Duration 

Indefinite to Common 

Indefinite to Common 

Indefinite to Common 


Current Models 





Ranges -Unipolar 

-2.0 

-2.0 

-2.0 

mA 

-Bipolar 

±1.0 

±1.0 

±1.0 

mA 

Output Impedance - Bipolar 

3.2 

3.2 

3.2 

kn 

- Unipolar 

6.6 

6.6 

6.6 

kn 

Compliance 

-1.5, +10 

-2.5, +10 

-2.5, +10 

V 

Internal Reference Voltage (Vr) 

+ 6.17 +6.3 +6.43 

+ 6.17 +6.3 +6.43 

+ 6.17 +6.3 +6.43 

V 

Output Impedance 

1.5 

1.5 

1.5 

n 

Max External Current 6 

+ 2.5 

+ 2.5 

+ 2.5 

mA 

Tempco of Drift 

±10 ±20 

±10 ±20 

±10 ±20 

ppmofVR/°C 

POWER SUPPLY SENSITIVITY 





± 15 V ± 10%, 5 V supply when applicable 

±0.002 

±0.002 

±0.002 

% of FSR/%Vs 

POWER SUPPLY REQUIREMENTS 





Rated Voltages 

±15,5 

±15,5 

±15,5 

V 

Range 





Analog Supplies 

±14 ±16 

± 14.5 ± 15.5 

±14.5 ±15.5 

V 

Logic Supplies 

+ 4.5 +16 

+ 4.5 +15.5 

+ 4.5 +15.5 

V 

Supply Drain 7 





+ 15V 

10 20 

15 20 

15 20 

mA 

-15V 

20 35 

25 30 

25 30 

mA 

+ 5V 

8 20 

15 20 

15 20 

mA 

TEMPERATURE RANGE 





Specification 

0 +70 

0 +70 

-25 +85 

°C 

Operating 

-25 +85 

-25 +85 

-55 +125 

°C 

Storage 

- 55 + 130 

-65 +150 

-65 +150 

°C 


NOTES 

'Least Significant Bit. 

2 Adjustable to zero with external trim potentiometer. 

3 FSR means “Full Scale Range” and is 20V for the ± 10V range and 10V for the ± 5V Range. 
4 Gain and offset errors adjusted to zero at + 25°C. 


5 Cf = 0, see Figure la. 

‘Maximum with no degradation of specification, 
7 Including 5mA load. 

Specifications subject to change without notice. 


be a constant load. 
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(T ft = +25°0, rated power supplies unless otherwise noted.) 


Model 

AD DAC85LD 

AD DAC85MIL 

AD DAC87 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

TECHNOLOGY 

Hybrid 

Hybrid 

Hybrid 


DIGITAL INPUT 





Binary -CBI 

12 

12 

12 

Bits 

BCD -CCD 

- 

- 

- 

Digits 

Logic Levels (TTL Compatible) 





Vih (Logic “1”) 

+ 2.0 +5.5 

+ 2.0 +5.5 

+ 2.0 +5.5 

V 

Vji. (Logic “0”) 

0 +0.8 

0 +0.8 

0 +0.8 

V 

I.h(V ih = 5.5V) 

+ 250 

+ 250 

+ 250 

pA 

I». (Vji. = 0.8V) 

-100 

-100 

-100 

pA 

TRANSFER CHARACTERISTICS 





ACCURACY 





Linearity Error (<t + 25°C 





CBI 

±1/2 

±1/2 

± 1/4 ± 1/2 

LSB' 

CCD 

- 

- 

- 

LSB 

T A (f*T n , jn toT max 

±1/2 

±3/4 

±3/4 

LSB 

Differential Linearity Error (w + 25°C 





CBI 

±1/2 

±1/2 

±1/2 

LSB 

CCD 




LSB 

T A («'T m ; n toT max 

±1 

±1 

±1 

LSB 

Gain Error 2 

±0.1 

±0.1 

±0.1 ±0.2 

% FSR 3 

Offset Error 2 

±0.05 

±0.05 

±0.05 ±0.1 

%FSR 3 

Temperature Range for Guaranteed 





Monotonicity 

-25 +85 

-55 +125 

-55 +125 

°C 

DRIFT (T min to T max ) 





Total Bipolar Drift, max (includes gain, 





offset, and linearity drifts) 

- 

- 

±15 ±30 

ppmofFSR/°C 

Total Error (T min to T max ) 4 





Unipolar 

- 

- 

±0.13 ±0.30 

% of FSR 

Bipolar 

- 

- 

±0.12 ±0.24 

% of FSR 

Gain 





Including Internal Reference 

±10 

±20 

±10 ±25 

ppmofFSR/°C 

Excluding Internal Reference 



±5 ±10 

ppmofFSR/°C 

Unipolar Offset 

±1 

±2 

±1 ±3 

ppmofFSR/°C 

Bipolar Offset 

±5 

±10 

±5 ±10 

ppm of FSR/°C 

CONVERSION SPEED 





Voltage Model (V) 5 





Settling Time to ± 0.01% of FSR for 





FSR change (2kft||500pF load) 





with lOkftFeedback 

5 

5 

5 

ps 

with 5kftFeedback 

3 

3 

3 

ps 

For LSB Change 

1.5 

1.5 

1.5 

ps 

Slew Rate 

20 

20 

20 

V/ps 

Current Model (I) 





Settling Time to ±0.01% of FSR 





for FSR Change 10 to 10017 Load 

300 

300 

300 

ns 

for lkft Load 

1 

1 

1 

ps 

ANALOG OUTPUT 





Voltage Models 





Ranges -CBI 

±2.5, ±5, ±10, 

±2.5, ±5, ±10, 

±2.5, ±5, ±10, 

V 


+ 5, +10 

+ 5, +10 

+ 5, + 10 


-CCD 




V 

Output Current 

±5 

±5 

±5 

mA 

Output Impedance (dc) 

0.05 

0.05 

0.05 

ft 

Short Circuit Duration 

Indefinite to Common 

Indefinite to Common 

Indefinite to Common 


Current Models 





Ranges -Unipolar 

-2.0 

-2.0 

-2.0 

mA 

-Bipolar 

±1.0 

±1.0 

±1.0 

mA 

Output Impedance - Bipolar 

3.2 

3.2 

2.5 3.2 4.1 

kft 

-Unipolar 

6.6 

6.6 

5.0 6.6 8.2 

kfl 

Compliance 

-2.5, +10 

-2.5, +10 

-1.5, + 10 

V 

Internal Reference Voltage (V R ) 

+ 6.17 +6.3 +6.43 

+ 6.17 +6.3 +6.43 

+ 6.17 +6.3 +6.43 

V 

Output Impedance 

1.5 

1.5 

1.5 

ft 

Max External Current 6 

+ 2.5 

+ 2.5 

+ 2.5 

mA 

Tempco of Drift 

±10 20 

10 20 

±5 10 

ppm of Vr/°C 

POWER SUPPLY SENSITIVITY 



■■■■■■HI 


± 15 V ± 10%, 5 V supply when applicable 

±0.002 

±0.002 


%ofFSR/%V s 

POWER SUPPLY REQUIREMENTS 





Rated Voltages 

±15,5 

±15,5 

±15,5 

V 

Range 





Analog Supplies 

±14.5 ±15.5 

±14.5 ±15.5 

±13.5 ±16.5 

V 

Logic Supplies 

+ 4.5 +15.5 

+ 4.5 +15.5 

+ 4.5 +16.5 

V 

Supply Drain 7 





+ 15V 

15 20 

15 20 

10 20 

mA 

-15V 

25 30 

25 30 

20 30 

mA 

+ 5V 

15 20 

15 20 

10 20 

mA 

TEMPERATURE RANGE 





Specification 

-25 +85 

-55 +125 

-55 +125 

°C 

Operating 

-55 +125 

-55 +125 

-55 +125 

°C 

Storage 

-55 +125 

-55 +120 

-65 +150 

°C 


NOTES 

'Least Significant Bit. 

Adjustable to zero with external trim potentiometer. 

3 FSR means “Full Scale Range” and is 20V for the ± 10V range and 10V for the ± 5V Range. 
4 Gain and offset errors adjusted to zero at + 25°C. 


5 C f = 0, see Figure la. 

6 Maximum with no degradation of specification, must be a constant load, 
including 5mA load. 

Specifications subject to change without notice. 


2-414 DIGITAL-TO-ANALOG CONVERTERS 








































AD DAC80/AD DAC85/AD DAC87 


ABSOLUTE MAXIMUM RATINGS 

4- Vs to Power Ground OV to + 18V 

— V s to Power Ground OV to - 18V 

Digital Inputs (Pins 1 to 12) to Power Ground ... - 1.0V to 

+ 7V 


Ref In to Reference Ground ± 12V 

Bipolar Offset to Reference Ground ± 12V 

10V Span R to Reference Ground ± 12V 

20V Span R to Reference Ground ± 24V 

Ref Out Indefinite short to power ground or +V$ 



EF OUT 

j GAIN ADJUST 

] +Vs 
| COMMON 

j SUMMING JUNCTION 
J 20V RANGE 
] 10V RANGE 
J BIPOLAR OFFSET 
1 REF INPUT 


(MSB) BIT 1 
BIT 2 
8IT3 
BIT 4 



Voltage Model Functional Diagram and Pin Configuration Current Model Functional Diagram and Pin Configuration 

ORDERING GUIDE 



Input 

Output 


Temperature 

Linearity 

Package 

Model 

Code 

Mode 

Technology 

Range 

Error 

Options* 

AD DAC80N-CBI-V 

Binary 

Voltage 

Monolithic 

0 to 4- 70°C 

± 1/2LSB 

N-24 

AD DAC80D-CBI-V 

Binary 

Voltage 

Monolithic 

0 to 4- 70°C 

± 1/2LSB 

D-24 

AD DAC80D-CBI-I 

Binary 

Current 

Monolithic 

0 to 4- 70°C 

± 1/2LSB 

D-24 

AD DAC85D-CBI-V 

Binary 

Voltage 

Monolithic 

- 25°C to 4- 85°C 

± 1/2LSB 

D-24 

AD DAC87D-CBI-V 

Binary 

Voltage 

Monolithic 

- 55°Cto + 125°C 

± 1/2LSB 

D-24 

AD DAC80-CBI-V 

Binary 

Voltage 

Hybrid 

0 to + 70°C 

± 1/2LSB 

DH-24A 

AD DAC80-CBI-I 

Binary 

Current 

Hybrid 

Oto + 70°C 

± 1/2LSB 

DH-24A 

AD DAC80-CCD-V 

Binary Coded Decimal 

Voltage 

Hybrid 

0 to 4- 70°C 

± 1/4LSB 

DH-24A 

AD DAC80-CCD-I 

Binary Coded Decimal 

Current 

Hybrid 

0 to 4- 70°C 

± 1/4LSB 

DH-24A 

AD DAC80Z-CBI-V 

Binary 

Voltage 

Hybrid 

0 to 4- 70°C 

± 1/2LSB 

DH-24A 

AD DAC80Z-CBI-I 

Binary 

Current 

Hybrid 

0 to 4- 70°C 

± 1/2LSB 

DH-24A 

AD DAC80Z-CCD-V 

Binary Coded Decimal 

Voltage 

Hybrid 

0to4- 70°C 

± 1/4LSB 

DH-24A 

AD DAC80Z-CCD-I 

Binary Coded Decimal 

Current 

Hybrid 

0 to 4- 70°C 

± 1/4LSB 

DH-24A 

AD DAC85C-CBI-V 

Binary 

Voltage 

Hybrid 

0 to 4- 70°C 

± 1/2LSB 

DH-24A 

AD DAC85C-CBI-I 

Binary 

Current 

Hybrid 

0 to 4- 70°C 

± 1/2LSB 

DH-24A 

AD DAC85-CBI-V 

Binary 

Voltage 

Hybrid 

-25°Cto+85°C 

± 1/2LSB 

DH-24A 

AD DAC85-CBI-I 

Binary 

Current 

Hybrid 

-25°Cto+85°C 

± 1/2LSB 

DH-24A 

AD DAC85LD-CBI-V 

Binary 

Voltage 

Hybrid 

— 25°C to 4- 85°C 

± 1/2LSB 

DH-24A 

AD DAC85LD-CBI-I 

Binary 

Current 

Hybrid 

-25°Cto +85°C 

± 1/2LSB 

DH-24A 

AD DAC85MIL-CBI-V 

Binary 

Voltage 

Hybrid 

— 55°Cto 4- 125°C 

± 1/2LSB 

DH-24A 

AD DAC85MIL-CBI-I 

Binary 

Current 

Hybrid 

— 55°Cto + 125°C 

± 1/2LSB 

DH-24A 

AD DAC85C-CCD-V 

Binary Coded Decimal 

Voltage 

Hybrid 

0 to 4- 70°C 

± 1/4LSB 

DH-24A 

AD DAC85C-CCD-I 

Binary Coded Decimal 

Current 

Hybrid 

0 to 4- 70°C 

± 1/4LSB 

DH-24A 

AD DAC85-CCD-V 

Binary Coded Decimal 

Voltage 

Hybrid 

— 25°C to 4- 85°C 

± 1/4LSB 

DH-24A 

AD DAC85-CCD-I 

Binary Coded Decimal 

Current 

Hybrid 

- 25°C to 4- 85°C 

± 1/4LSB 

DH-24A 

AD DAC87-CBI-V 

Binary 

Voltage 

Hybrid 

— 55°Cto 4- 125°C 

± 1/2LSB 

DH-24A 

AD DAC87-CBI-I 

Binary 

Current 

Hybrid 

- 55°Cto + 125°C 

± 1/2LSB 

DH-24A 


*See Section 14 for package outline information. 
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DIGITAL INPUT CODES 

The AD DAC80 Series accepts complementary digital input 
code in binary (CBI) format. The CBI model may be connected 
by the user for anyone of three complementary codes: CSB, 
COBorCTC. 


Digital Input 

| Analog Output 



CSB Compl. 

COB Compl. 

CTC* Compl. 

MSB LSB 

Straight Binary 

Offset Binary 

Two’s Compl. 

000000000000 

+ Full Scale 

+ Full Scale 

— 1LSB 

0 111111111 11 

+ 1/2 Full Scale 

Zero 

- Full Scale 

1 0 000 00000 00 

Mid-Scale 

- 1LSB 

+ Full Scale 

11111111 1111 

Zero 

- Full Scale 

Zero 


‘Invert the MSB of the COB code with an external inverter to obtain CTC code. 


Table I. Digital Input Codes 

ACCURACY 

Accuracy error of a D/A converter is the difference between the 
analog output that is expected when a given digital code is applied 
and the output that is actually measured with that code applied 
to the converter. Accuracy error can be caused by gain error, 
zero error, linearity error, or any combination of the three. Of 
these three specifications, the linearity error specification is the 
most important since it cannot be corrected. Linearity error is 
specified over its entire temperature range. This means that the 
analog output will not vary by more than its maximum specifi- 
cation, from an ideal straight line drawn between the end points 
(inputs all “l”s and all “0”s) over the specified temperature 
range. 

Differential linearity error of a D/A converter is the deviation 
from an ideal 1LSB voltage change from one adjacent output 
state to the next. A differential linearity error specification of 
± 1/2LSB means that the output voltage step sizes can range 
from 1/2LSB to 1 1/2LSB when the input changes from one 
adjacent input state to the next. 

DRIFT 

Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million of full 
scale range per °C (ppm of FSR/°C). Gain drift is established 
by: 1) testing the end point differences for each AD DAC80 
model at the lowest operating temperature, + 25°C and the 
highest operating temperature; 2) calculating the gain error with 
respect to the + 25°C value and; 3) dividing by the temperature 
change. 

Offset Drift is a measure of the actual change in output with all 
“l”s on the input over the specified temperature range. The 
maximum change in offset is referenced to the offset at + 25°C 
and is divided by the temperature range. This drift is expressed 
in parts per million of full scale range per °C (ppm of FSR/°C). 

SETTLING TIME 

Settling time for each model is the total time (including slew 
time) required for the output to settle within an error band 
around its final value after a change in input. 

Voltage Output Models . Three settling times are specified to 
±0.01% of full scale range (FSR); two for maximum full scale 
range changes of 20V, 10V and one for a 1LSB change. The 


1LSB change is measured at the major carry (0 1 1 1 ... 1 1 to 
1 0 0 0 ... 0 0), the point at which the worst case settling time 
occurs. The settling time characteristic depends on the compen- 
sation capacitor selected, the optimum value is 25pF as shown 
in Figure la. 

Current Output Models. Two settling times are specified to ± 0.01% 
of FSR. Each is given for current models connected with two 
different resistive loads: 10 to 100 ohms and 1000 to 1875 ohms. 
Internal resistors are provided for connecting nominal load 
resistances of approximately 1000 to 1800 ohms for output voltage 
ranges of ± IV and 0 to — 2V. 



Figure la. Voltage Model Settling Time Circuit 



Figure 1b. Voltage Model Settling Time C F = 25pF 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive or 
negative supplies about the nominal power supply voltages. 

REFERENCE SUPPLY 

All models are supplied with an internal 6.3 volt reference voltage 
supply. This voltage (pin 24) is accurate to ± 1% and must be 
connected to the Reference Input (pin 16) for specified operation. 
This reference may also be used externally with external current 
drain limited to 2.5mA. An external buffer amplifier is recom- 
mended if this reference is to be used to drive other system 
components. Otherwise, variations in the load driven by the 
reference will result in gain variations. All gain adjustments 
should be made under constant load conditions. 


2-416 DIGITAL-TO-ANALOG CONVERTERS 



Performance Over Temperature - AD DAC80/AD DAC85/AD DAC87 


ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 

For the purposes of temperature drift analysis, the major device 
components are shown in Figure 2. The reference element and 
buffer amplifier drifts are combined to give the total reference 
temperature coefficient. The input reference current to the 
DAC, Irefj is developed from the internal reference and will 
show the same drift rate as the reference voltage. The DAC 
output current, Idac? which is a function of the digital input 
codes, is designed to track I REF ; if there is a slight mismatch in 
these currents over temperature, it will contribute to the gain 
T.C. The bipolar offset resistor, R BP , and gain setting resistor, 
Rgainj also have temperature coefficients which contribute to 
system drift errors. The input offset voltage drift of the output 
amplifier, OA, also contributes a small error. 

There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of 
the entire transfer curve; gain drift is a change in the slope of 
the curve; and linearity drift represents a change in the shape of 
the curve. The combination of these three drifts results in the 
complete specification for total error over temperature. 

Total error is defined as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input which 
calls for zero output to a point which is defined as full scale. A 
specification for total error over temperature assumes that both 
the zero and full scale points have been trimmed for zero error 
at +25°C. Total error is normally expressed a percentage of the 
full scale range. In the bipolar situation, this means the total 
range from - Vfs to + Vps* 

Several new design concepts not previously used in DAC80-type 
devices contribute to a reduction in all the error factors over 
temperature. The incorporation of low temperature coefficient 
silicon-chromium thin-film resistors deposited on a single chip, 
a patented, fully differential, emitter weighted, precision current 
steering cell structure, and a T.C. trimmed buried zener diode 
reference element results in superior wide temperature range 
performance. The gain setting resistors and bipolar offset resistor 
are also fabricated on the chip with the same SiCr material as 
the ladder network, resulting in low gain and offset drift. 


+15V 




V- 


Figure 2. Bipolar Configuration 


MONOTONICITY AND LINEARITY 

The initial linearity error of ± 1/2LSB max and the differential 
linearity error of ± 3/4LSB max guarantee monotonic performance 
over the specified range. It can, therefore, be assumed that 
linearity errors are insignificant in computation of total temperature 
errors. 

UNIPOLAR ERRORS 

Temperature error analysis in the unipolar mode is straightforward: 
there is an offset drift and a gain drift. The offset drift (which 
comes from leakage currents and drift in the output amplifier 
(OA)) causes a linear shift in the transfer curve as shown in 
Figure 3. The gain drift causes a change in the slope of the 
curve and results from reference drift, DAC drift, and drift in 
Rgain relative to the DAC resistors. 

BIPOLAR RANGE ERRORS 

The analysis is slightly more complex in the bipolar mode. In 
this mode R BP is connected to the summing node of the output 
amplifier (see Figure 2) to generate a current which, exactly 
balances the current of the MSB so that the output voltage is 
zero with only the MSB on. 

Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 

A change in the reference voltage, which causes a shift in the 
bipolar offset, will also cause an equivalent change in Ir EF and 
thus Idacj so that I D ac will always be exactly balanced by I B p 
with the MSB turned on. This effect is shown in Figure 3. The 
net effect of the reference drift then is simply to cause a rotation 
in the transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals the 
errors in the bipolar mode. The unipolar offset drifts discussed 
before will have the same effect on the bipolar offset. A mismatch 
of R bp to the DAC resistors is usually the largest component of 
bipolar drift, but in the AD DAC80 this error is held to 10ppm/°C 
max. Gain drift in the DAC also contributes to bipolar offset 
drift, as well as full scale drift, but again is held to 10ppm/°C 
max. 




Figure 3. Unipolar and Bipolar Drifts 
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Using the AD DAC80 Series 

POWER SUPPLY CONNECTIONS 

For optimum performance power supply decoupling capacitors 
should be added as shown in the connection diagrams. These 
capacitors (lfiF electrolytic recommended) should be located 
close to the AD DAC80. Electrolytic capacitors, if used, should 
be paralleled with 0.01 |jlF ceramic capacitors for optimum high 
frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external OFF- 
SET and GAIN potentiometers. These potentiometers should be 
connected as shown in the block diagrams and adjusted as described 
below. TCR of the potentiometers should be 100ppm/°C or less. 
The 3.9MD and lOMfi resistors (20% carbon or better) should 
be located close to the AD DAC80 to prevent noise pickup. If it 


is not convenient to use these high-value resistors, a functionally 
equivalent “T” network, as shown in Figure 6 may be substituted 
in each case. The gain adjust (pin 23) is a high impedance point 
and a 0.01 (xF ceramic capacitor should be connected from this 
pin to common to prevent noise pickup. 

Offset Adjustment. For unipolar (CSB) configurations, apply the 
digital input code that should produce zero potential output and 
adjust the OFFSET potentiometer for zero output. For bipolar 
(COB, CTC) configurations, apply the digital input code that 
should produce the maximum negative output voltage. Example: 
If the FULL SCALE RANGE is connected for 20 volts, the 
maximum negative output voltage is - 10V. See Table II for 
corresponding codes. 

Gain Adjustment. For either unipolar or bipolar configurations, 
apply the digital input that should give the maximum positive 
voltage output. Adjust the GAIN potentiometer for this positive 
full scale voltage. See Table II for positive full scale voltages. 



Figure 4. External Adjustment and Voltage Supply 
Connection Diagram , Current Model 



Figure 5. External Adjustment and Voltage Supply 
Connection Diagram , Voltage Model 


10 MJI _ 270kO 270kn 

o— — vs/v - o 


3.9Mn _ 180kn 180kfl 




Figure 6. Equivalent Resistances 


Digital Input 

Analog Output 

12 Bit Resolution 

| Voltage* | 

Current 

MSB LSB 

0 to + 10V 

±10V 

0 to - 2mA 

± 1mA 

000000000000 

+ 9.9976V 

+ 9.9951V 

-1.9995mA 

-0.9995mA 

011111111111 

+ 5.0000V 

o.oooov 

-1.0000mA 

0.0000mA 

100000000000 

+ 4.9976V 

4.88mV 

-0.9995mA 

+ 0.0005mA 

111111111111 

o.oooov 

-10.0000V 

0.0000mA 

- 1.00mA 

1LSB 

2.44mV 

-0.0049V 

0.488p,A 

0.488jjlA 


*To obtain values for other binary ranges 0 to + 5 V range: divide 0 to + 10 values by 2; 

± 5V range: divide ± 10V range values by 2; ± 2.5V range: divide ± 10V range values by 4. 

Table II. Digital Input/Analog Output 
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Applying the AD DAC80/AD DAC85/AD DAC87 


VOLTAGE OUTPUT MODELS 

Internal scaling resistors provided in the AD DAC80 may be 
connected to produce bipolar output voltage ranges of ±10, ±5 
or ± 2.5V or unipolar output voltage ranges of 0 to +5 or 0 to 
+ 10V (see Figure 7). 


REF 

INPUT 



6.3kO 

-wv- 



0 ! 


-0 


0 


OUTPUT 


Figure 7. Output Amplifier Voltage Range 
Scaling Circuit 

Gain and offset drift are minimized in the AD DAC80 because 
of the thermal tracking of the scaling resistors with other device 
components. Connections for various output voltage ranges are 
shown in Table III. Settling time is specified for a full scale 
range change: 4 microseconds for a lOkO feedback resistor; 3 
microseconds for a 5kO feedback resistor when using the com- 
pensation capacitor shown in Figure 1 . 

The equivalent resistive scaling network and output circuit of 
the current model are shown in Figures 8 and 9. External Rls 
resistors are required to produce exactly 0 to -2V or ± IV 
output. TCR of these resistors should be ± 100ppm/°C or less to 
maintain the AD DAC80 output specifications. If exact output 
ranges are not required, the external resistors are not needed. 



Figure 8. Internal Scaling Resistors 

Internal resistors are provided to scale an external op amp or to 
configure a resistive load to offer two output voltage ranges of 
± IV or 0 to -2V. These resistors (R LI : TCR = 20ppm/°C) are 
an integral part of the AD DAC80 and maintain gain and bipolar 
offset drift specifications. If the internal resistors are not used, 
external R L (or R F ) resistors should have a TCR of ± 25ppm/°C 
or less to minimize drift. This will typically add ± 50ppm/°C + 
the TCR of R l (or R F ) to the total drift. 



Figure 9. AD DAC80 Current Model Equivalent 
Output Circuit 


Output 

Range 

Digital 

Input Codes 

Connect 
Pin 15 to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10V 

COBorCTC 

19 

20 

15 

24 

±5V 

COBorCTC 

18 

20 

N.C. 

24 

±2.5V 

COBorCTC 

18 

20 

20 

24 

Oto + lOV 

CSB 

18 

21 

N.C. 

24 

0 to + 5 V 

CSB 

18 

21 

20 

24 

Oto+lOV 

CCD 

19 

N.C. 

15 

24 


Table III. Output Voltage Range Connections- Voltage Model AD DAC80 




Internal 

Resistance 

Rli 

1% 

Metal Film 
External 
Resistance 
Rls 

R li Connections 

Reference 

Bipolar Offset 

Digital 

Input Codes 

Output 

Range 

Connect 
Pin 15 to 

Connect 
Pin 18 to 

Connect 
Pin 20 to 

Connect 
Pin 16 to 

Connect 
Pin 17 to 

Rls 

CSB 

0 to — 2 V 

0.968kO 

2 ion 

20 

19 & R ls 

15 

24 

Com (21) 

Between 

Pin 18 & 
Com (21) 

COBorCTC 

±1V 

1.2kO 

2490 

18 

19 

Rls 

24 

15 

Between 

Pin 20 & 
Com (21) 

CCD 

0 to ± 2 V 

3kO 

N/A 

N.C. 

21 

N.C. 

24 

N.C. 

N/A 


Table IV. Current Model/Resistive Load Connections 
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DRIVING A RESISTIVE LOAD UNIPOLAR 

A load resistance, Rl = Rli? + Rls? connected as shown in 
Figure 10 will generate a voltage range, Voutj determined by: 



Where Rl max = 1.54kfl 
and Vqut max = -2.5V 

To achieve specified drift, connect the internal scaling resistor 
(Rli) as shown in Table IV to an external metal film trim resistor 
(Rls) to provide full scale output voltage range of 0 to - 2V. 
With R ls = 0, Vqut = “ 1-69V. 



Figure 1 1. AD DAC80-CBI-I Connected for Bipolar 
Output Voltage with Resistive Load 

same as the voltage model AD DAC80. To obtain the desired 
output voltage range when connecting an external op amp, refer 
to Table V and Figure 12. 




16 


{ 

)S2 . 

[ 3 

' ?Rli 

<968tt 18 

Rls 

l 6.6kO 

L 21 

COMMOnJ ^ 

\ 

CURRENT CONTROLLED 

BY DIGITAL INPUT 



Figure 10. Equivalent Circuit AD DAC80-CBI-I 
Connected for Unipolar Voltage Output with 
Resistive Load 

DRIVING A RESISTOR LOAD BIPOLAR 

The equivalent output circuit for a bipolar output voltage range 
is shown in Figure 11, Rl = Rli + Rls* Vout is determined 
by: 

Vqut — — 1mA 

Where Rl max = 
and Vqut max = 

To achieve specified drift, connect the internal scaling resistors 
(R L i) as shown in Table IV for the COB or CTC codes and add 
an external metal film resistor (Rls) in series to obtain a full 
scale output range of ± IV. In this configuration, with R L s 
equal to zero, the full scale range will be ± 0.874V. 

DRIVING AN EXTERNAL OP AMP 

The current model AD DAC80 will drive the summing junction 
of an op amp used as a current to voltage converter to produce 
an output voltage. As seen in Figure 12, 

Vout = Iout x Rf 

where Iout is the AD DAC80 output current and R F is the 
feedback resistor. Using the internal feedback resistors of the 
current model AD DAC80 provides output voltage ranges the 


(R l x 3.22k ^ 
\R l + 3.22k / 

11.18kn 

±2.5V 



Figure 12. External Op Amp-Using Internal 
Feedback Resistors 


OUTPUT LARGER THAN 20V RANGE 

For output voltage ranges larger than ± 10 volts, a high voltage 
op amp may be employed with an external feedback resistor. 

Use Iout values of ± 1mA for bipolar voltage ranges and - 2mA 
for unipolar voltage ranges (see Figure 13). Use protection diodes 
when a high voltage op amp is used. 

The feedback resistor, R F , should have a temperature coefficient 
as low as possible. Using an external feedback resistor, overall 
drift of the circuit increases due to the lack of temperature 
tracking between R F and the internal scaling resistor network. 
This will typically add 50ppm/°C + R F drift to total drift. 



Figure 13. External Op Amp-Using 
External Feedback Resistors 


Output 

Range 

Digital 

Input Codes 

Connect 

A to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

Connect 
Pin 16 to 

±10V 

COB or CTC 


15 

A 

24 

±5V 

COB or CTC 

18 

15 

N.C. 

24 

±2.5V 

COB or CTC 

18 

15 

15 

24 

Oto + lOV 

CSB 

18 

21 

N.C. 

24 

0 to + 5 V 

CSB 

18 

21 

15 

24 


Table V. External Op Amp Voltage Mode Connections 
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□ ANALOG 
DEVICES 


CMOS 66MHz Monolithic 256x24 
Color Palette RAM-DAC 


ADV453 


FEATURES 

66MHz Pipelined Operation 
Triple 8-Bit D/A Converters 
256x24 Color Palette RAM 
3x24 Overlay Registers 
RS-343A/RS-1 70 Compatible Outputs 
+5V CMOS Monolithic Construction 
40-Pin DIP or Small 44-Pin PLCC Package 
Power Dissipation: lOOOmW 
APPLICATIONS 

High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 

66MHz 

40MHz 


ADV453 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The ADV453 is a complete analog video output RAM-DAC on 
a single monolithic chip. It is specifically designed for high reso- 
lution color graphics systems. The part contains a 256x24 color 
lookup table, a 3x24 overlay palette as well as triple 8-bit video 
D/A converters. The ADV453 is capable of simultaneously dis- 
playing up to 259 colors, 256 from the lookup table and three 
from the overlay registers, out of a total color palette of 16.8 
million addressable colors. 

The three overlay registers allow for the implementation of over- 
laying cursors, pull down menus and grids. There is an indepen- 
dent, asynchronous MPU bus which allows access to the color 
lookup table without affecting the input of video data via the 
pixel port. The ADV453 is capable of generating RGB video 
output signals which are compatible with RS-343A and RS-170 
video standards, without requiring external buffering. 

The ADV453 is fabricated in a +5V CMOS process. Its mono- 
lithic CMOS construction ensures greater functionality with low 
power dissipation. The part is packaged in both a 0.6", 40-pin 
DIP and a 44-pin plastic leaded (J-lead) chip carrier, PLCC. 


PRODUCT HIGHLIGHTS 

1 . Fast video refresh rate, 66MHz. 

2. Compatible with a wide variety of high resolution color 
graphics systems including VGA* and Macintosh II**. 

3. Three overlay registers allow for implementation of overlay- 
ing cursors, pull down menus and grids. 

4. Guaranteed monotonic. Integral and differential nonlinearities 
guaranteed to be a maximum of ±1LSB. 

5. Low glitch energy, 50pV secs. 


*VGA is a trademark of International Business Machines Corp. 
^‘Macintosh II is a registered trademark of Apple Computer Inc. 
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CPPPIPirATIflNQ ( y AA = +5V ±5%, V REF = + 1.235V, R SET = 280a l SYNC connected to I0G. 
OrLUiriUftl lUliw All specifications T min to T^ 1 unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 

8 

Bits 


Accuracy (Each DAC) 




Integral Nonlinearity 

±1 

LSB max 


Differential Nonlinearity 

±1 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5% 

Gray Scale max 


Coding 


Binary 


DIGITAL INPUTS 




Input High Voltage, Vi NH 

2 

V min 


Input Low Voltage, V INL 

0.8 

V max 


Input Current, I IN 

± 1 

|xA max 

V IN = 0.4V or 2.4V 

Input Capacitance, C IN 

10 

PF typ 


DIGITAL OUTPUTS 




Output High Voltage, V OH 

2.4 

V min 

I source = 400 p A 

Output Low Voltage, V OL 

0.4 

V max 

Isink = 3.2mA 

Floating State Leakage Current 

20 

pA max 


Floating State Output Capacitance 

20 

pF typ 


ANALOG OUTPUTS 




Gray Scale Current Range 

15 

mA min 



22 

mA max 


Output Current 




White Level Relative to Blank 

17.69 

mA min 

Typically 19.05mA 


20.40 

mA max 


White Level Relative to Black 

16.74 

mA min 

Typically 17.62mA 


18.50 

mA max 


Black Level Relative to Blank 

0.95 

mA min 

Typically 1.44mA 


1.90 

mA max 


Blank Level on IOR, IOB 

0 

|xA min 

Typically 5pA 


50 

pA max 


Blank Level on IOG 

6.29 

mA min 

Typically 7.62mA 


8.96 

mA max 


Sync Level on IOG 

0 

(jlA min 

Typically 5pA 


50 

jjlA max 


LSB Size 

69.1 

M.A typ 


DAC to DAC Matching 

5 

% max 

Typically 2% 

Output Compliance, V Q c 

-1 

V min 



+ 1.4 

V max 


Output Impedance, R 0 ut 

10 

kG typ 


Output Capacitance, C Q ut 

30 

pF typ 

f out = 0mA 

VOLTAGE REFERENCE 




Voltage Reference Range, V REF 

1.14/1.26 

V min/V max 


Input Current, I V ref 

-5 

mA typ 


POWER SUPPLY 




Supply Voltage, V AA 

4.75/5.25 

V min/V max 


Supply Current, I AA 

275 

mA max 

Typically 220mA, 66MHz Parts 


250 

mA max 

Typically 190mA, 40MHz Parts 

Power Supply Rejection Ratio 

0.5 

%/% max 

Typically 0.12%/%, f = 1kHz, COMP = 0.1pF 

Power Dissipation 

1375 

mW max 

Typically lOOOmW, 66MHz Parts 


1250 

mW max 

Typically 900mW, 40MHz Parts 

DYNAMIC PERFORMANCE 




Clock and Data Feedthrough 2,3 

-30 

dB typ 


Glitch Impulse 2,3 

50 

pV secs typ 


DAC to DAC Crosstalk 

-23 

dB typ 



NOTES 

‘Temperature Range (T min to T max ); 0 to +70°C 

2 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10pF, 37.5ft. D0-D7 output load <50pF. See timing notes in Figure 2. 

3 Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a lkft resistor 
to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, -3dB test bandwidth = 2 x clock rate. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 


1 (V M = +5V ±5%, V REF = + 1.235V, R SET = 280ft. I SVMC 
connected to I0G. All Specifications T min to T max 2 ). 


Parameter 

66MHz Version 

40MHz Version 

Units 

Conditions/Comments 

fmax 

66 

40 

MHz max 

Clock Rate 

tl 

35 

35 

ns min 

CS, CO, Cl Setup Time 

h 

35 

35 

ns min 

CS, CO, Cl Hold Time 

t 3 

25 

25 

ns min 

RD, WR High Time 

t 4 

10 

10 

ns min 

RD Asserted to Data Bus Driven 

t 5 

100 

100 

ns max 

RD Asserted to Data Valid 

t 6 

15 

15 

ns max 

RD Negated to Data Bus Three Stated 

h 

50 

50 

ns min 

WR Low Time 

h 

35 

35 

ns min 

Write Data Setup Time 

^9 

0 

0 

ns min 

Write Data Hold Time 

l 10 

5 

7 

ns min 

Pixel & Control Setup Time 

til 

2 

3 

ns min 

Pixel & Control Hold Time 

t,2 

15 

25 

ns min 

Clock Cycle Time 

*13 

5 

7 

ns min 

Clock Pulse Width High Time 

tl4 

5 

7 

ns min 

Clock Pulse Width Low Time 

tl5 

20 

20 

ns typ 

Analog Output Delay 


30 

30 

ns max 


tl6 

3 

3 

ns typ 

Analog Output Rise/Fall Time 

tl7 3 

25 

25 

ns typ 

Analog Output Settling Time 

tpD 

2xt 12 

2xt 12 

ns max 

Pipeline Delay 

tsK 

1 

1 

ns typ 

Analog Output Skew 


2 

2 

ns max 



NOTES 

‘TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10pF, 37.50. D0-D7 output load <50pF. See timing notes in Figure 2. 

2 Temperature Range (T min to T max ); 0 to +70°C. 

3 Settling time does not include clock and data feedthrough. For this test, the digital inputs have a IkO resistor to ground and are driven by HC logic. 
Specifications subject to change without notice. 





CS, CO, Cl 






s / 

dc a n inn nil 



— 

ts 



^ 

WRiTE (D0-D7) ^ 



« tg 

ul 



Figure 1. MPU ReadAA/rite Timing 



2. SETTLING TIME( t 17 ) MEASURED FROM THE 50% POINT OF FULL SCALE 
TRANSITION TO THE OUTPUT REMAINING WITHIN ±1LSB. 

3. OUTPUT RISE/FALL TIME (t 16 ) MEASURED BETWEEN THE 10% AND 90% POINTS 
OF FULL SCALE TRANSITION. 

Figure 2. Video Input/Output Timing 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 

V AA 

4.75 

5.00 

5.25 

Volts 

Ambient Operating 






Temperature 

T A 

0 


+ 70 

°C 

Output Load 

R.. 


37.5 


n 

Reference Voltage 

VreF 

1.14 

1.235 

1.26 

Volts 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ABSOLUTE MAXIMUM RATINGS* 

V AA to GND + 7V 

Voltage on Any Digital Pin GND-0.5V to V AA +0.5V 

Ambient Operating Temperature (T A ) 0 to +70°C 

Storage Temperature (T s ) -65°C to + 150°C 

Junction Temperature (Tj) + 175°C 

Soldering Temperature (5secs) 260°C 

IOR, IOB, IOG to GND 1 OV to V AA 


NOTES 

*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Analog Output Short Circuit to any Power Supply or Common can be of an 
indefinite duration. 


PIN CONFIGURATIONS 


DIP 


PLCC 


do FT 

01 rr 

02 HT 
parr 
dait 
ds nr 

06 [7 

07 rr 
gnp rr 

VaaQI 

p7 QT 

peQT 

ps nr 

P4fu 

mQT 

p 2nr 

pi Ql 

po nr 
oli nr 

OLO f~20 




ADV453 DIP 
TOP VIEW 
(Not to Scale) 


OQOQOQul> > o 2 



ORDERING INFORMATION 1 


Package Options 2 

Speed 


66MHz 

40MHz 

Plastic DIP (N-40A) 

ADV453KN66 

ADV453KN40 

PLCC 3 (P-44A) 

ADV453KP66 

ADV453KP40 


NOTES 

'All devices are specified for 0 to +70°C operation. 
2 See Section 14 for package outline information. 
3 PLCC: Plastic Leaded Chip Carrier (J-lead). 
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PIN FUNCTION DESCRIPTION 


Pin 

Mnemonic 

BLANK 

SYNC 

CLOCK 

P0-P7 

OLO-OL1 


Function 

Composite blank control input (TTL com patible). A logic zero on this control input drives the analog out puts to th e 
blanking level, as shown in Table V. The BLANK signal is latched on the rising edge of CLOCK. While BLANK is at 
logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TTL compa tible). A logical zero on the SYNC input switches off a 40 IRE current source 
on the I SY nc output (see Figure 5). SYNC does not override any other co ntrol or data input, as shown in Table V; 
therefore, it should only be asserted during the blanking interval. SYNC is latched on the rising edge of CLOCK. 

Clock input (TTL co mpatible). The rising edge of CLOCK latches the P0-P7 and OLO-OL1 data inputs as well as the 
SYNC and BLANK control inputs. It is typically the pixel clock rate of the video system. CLOCK should be driven by 
a dedicated TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in the color 
palette RAM is to be used to provide color information. P0-P7 pixel select inputs are latched on the rising edge of 
CLOCK. P0 is the LSB. Unused pixel select inputs should be connected to GND. 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide color information 
(see Table IV), i.e., the 256x24 color palette or the 3x24 overlay palette. When accessing the overlay palette, the P0-P7 
inputs are ignored. OLO-OL1 are latched on the rising edge of CLOCK. OLO is the LSB. Unused inputs should be 
connected to GND. 


IOR, IOG, IOB Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a doubly 

terminated 75ft coaxial cable, as shown in Figure 4a. All three current outputs should have similar output loads whether 
or not they are all being used. 

I SYNC Sync current output. This high impedance current source can be directly connected to the IOG output (see F igure 3 ). 

This allows sync information to be encoded onto the green chann el. I S ync does not output any current while SYNC is at 
logical zero. The amount of current output at I S ync while SYNC is at logical one is given by: 

Isync (nA) = 1,728 * V REF (V)/ R SET (ft). 

If sync information is not required on the green channel, I SYNC should be connected to GND. 

FS ADJUST Full scale adjust control. A resistor (R SE t) connected between this pin and GND (see Figure 6) controls the magnitude 
of the full scale video signal. Note that the IRE relationships in Figure 5 are maintained, regardless of the full scale 
output current. 

The relationship between R S et an d the full scale output current on IOG (assuming I S ync is connected to IOG) is given 
by: 

IOG (mA) = (K + 326 + 1,728) * V ref (V)/R set (ft) 

The relationship between R SET and the full scale output current on IOR and IOB is given by: 

IOR, IOB (mA) = (K + 326)* V REF (V)/R SET (ft) 
where K = 3,993 

COMP Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 p,F ceramic capacitor must be 

connected between COMP and V AA (Figure 6). 

V REF Voltage reference input. An external 1.235V voltage reference must be connected to this pin. The use of an external 

resistor divider network is not recommended. A 0. 1 jlcF decoupling ceramic capacitor should be connected between V REF 
and V AA (Figure 6.) 

V AA Analog power supply (5V±5%). All V AA pins on the ADV453 must be connected. 

GND Analog ground. All GND pins must be connected. 

CS Chip select control input (TTL compatible). CS must be at logical zero to enable the reading and writing of data to and 

from the device. The IOR, IOG and IOB outputs are f orced to the black level while CS is at logical zero. Note that the 
ADV453 will not operate properly if CS, RD and WR are simultaneously at logical zero. 

WR Write control input (TTL compatibl e). C S and WR must both be at logical zero when writing data to the device. D0-D7 

data is latched on the rising edge of WR or CS. See Figure 1. 

RD Read control input (TTL compatible). CS and RD must both be at logical zero when reading data from the device. See 

Figure 1. 

CO, Cl Command control inputs (TTL compatible). CO and Cl specify the type of read or write operation being carried out, 

i.e., address register, color palette RAM or overlay registers read or write operations. See Tables I, II, III. 

D0-D7 Data bus (TTL compatible). Data is transferred to and from the address register, the color palette RAM and the overlay 

registers over this 8-bit bidirectional data bus. DO is the least significant bit. 
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TERMINOLOGY 
Blanking Level 

The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic- 
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three pri- 
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Sync Signal (SYNC) 

The position of the composite video signal which synchronizes 
the scanning process. 

Gray Scale 

The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different lev- 
els while a 6-bit DAC contains 64. 


ADV453 CIRCUIT DESCRIPTION 
MPU Interface 

As illustrated in the functional block diagram, the ADV453 
supports a standard MPU bus interface, allowing the MPU di- 
rect access to the color palette RAM and overlay color registers. 
The color palette RAM and overlay color registers can be ac- 
cessed only when CS is low. The Pixel and Overlay Select in- 
puts are disabled while CS is low. 

The CO and Cl control inputs specify whether the MPU is ac- 
cessing the address register, color palette RAM or the overlay 
registers, as shown in Table I. The 8-bit address register is used 
to address the color palette RAM and overlay registers, eliminat- 
ing the requirement for external address multiplexers. 


CS 

Cl 

CO 

Addressed by MPU 

0 

X 

0 

Address Register 

0 

0 

1 

Color Palette RAM 

0 

1 

1 

Overlay Register 


Table I. Control Input Truth Table 


Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 
Sync Level 

The peak level of the SYNC signal. 

Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 


To write color data, the MPU writes to the address register with 
either the address of the color palette RAM location or the ad- 
dress of the overlay register which is to be modified. The MPU 
performs three successive write cycles (8 bits of red data, 8 bits 
of green data and 8 bits of blue data). This color data is diverted 
to either the color palette RAM or the overlay registers, as de- 
termined by CO and Cl. During the blue write cycle, the three 
bytes of color information are concatenated into a 24-bit word 
and written to the location specified by the address register. The 
address register then automatically increments to the next loca- 
tion which the MPU may modify by simply writing another se- 
quence of red, green and blue data. 

To read back color data, the MPU loads the address register 
(selecting RAM or overlay read mode) with the address of the 
color palette RAM location or overlay register to be read. The 
MPU performs three successive read cycles (8 bits each of red, 
green and blue data), using CO and Cl to select either the color 
palette RAM or the overlay registers. Following the blue read 
cycle, the address register increments to the next location which 
the MPU may read by simply reading another sequence of red, 
green and blue data. 

When CS is low, i.e., during MPU read/write cycles, the video 
outputs are forced to the black level. During color palette RAM 
access, the address register resets to 00H following a blue read 
or write operation to RAM location FFH. 
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The three overlay registers can be accessed in the same way as 
the color palette RAM. The overlays are selected using CO and 
Cl according to Table I. When accessing the overlay color regis- 
ters, the address register increments following a blue read or 
write cycle. However, while accessing the overlay color registers, 
the six most significant bits of the address register (ADDR2-7) 
are ignored. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM/overlay registers 
and the color registers (R, G and B in the block diagram) are 
synchronized by internal logic and occur in the period between 
MPU accesses. Color (RGB) data is normally loaded to the color 
palette RAM/overlay registers during video screen retrace, i.e. 
during the video waveform blanking period (see Figure 5). 


To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented following a blue read or write 
cycle, (ADDRO-7) are accessible to the MPU and are used to 
address color palette RAM locations and overlay registers, as 
shown in Table III. ADDRO is the LSB when the MPU is ac- 
cessing the RAM or overlay registers. The MPU may read the 
address register at any time without modifying its contents or 
the existing read/write mode. 

Figure 1 illustrates the MPU read/write timing and Table III 
shows the associated functional instructions. 



Value 

Cl 

CO 

Addressed by MPU 

ADDRa, b (Counts Modulo 3) 

00 

X 

1 

Red Value 


01 

X 

1 

Green Value 


10 

X 

1 

Blue Value 

ADDRO-7 (Counts Binary) 

00H-FFH 

0 

1 

Color Palette RAM 


xxxx xxoo 

1 

1 

Reserved 


XXXX XX01 

1 

1 

Overlay Color 1 


XXXX XX10 

1 

1 

Overlay Color 2 


XXXX XX 11 

1 

1 

Overlay Color 3 


Note: Control input Cl determines whether a read/write operation is performed on the color 
palette RAM or the overlay registers. 

Table II. Address Register (ADDR) Operation 


CS 

RD 

WR 

CO 

Cl 

ADDRb 

ADDRa 

Operation Performed 

0 

1 

0 

0 

X 

X 

X 

Write Address Register; 

D0-D7 — ^ADDRO-7 

0 — »ADDRa,b 

0 

1 

0 

1 

X 

0 

0 

Write Red Value; 

Increment ADDRa-b 

0 

1 

0 

1 

X 

0 

1 

Write Green Value; 

Increment ADDRa-b 

0 

1 

0 

1 

X 

1 

0 

Write Blue Value; 

Modify RAM/Overlay Location 
Increment ADDRO-7 

Increment ADDRa-b 

0 

0 

1 

0 

X 

X 

X 

Read Address Register; 

ADDRO-7 — »D0-D7 

0 

0 

1 

1 

X 

0 

0 

Read Red Value; 

Increment ADDRa-b 

0 

0 

1 

1 

X 

0 

1 

Read Green Value; 

Increment ADDRa-b 

0 

0 

1 

1 

X 

1 

0 

Read Blue Value; 
Increment ADDRa-b 

Increment ADDRO-7 

0 

0 

0 

X 

X 

X 

X 

Invalid Operation 


Note: Control input Cl determines whether a read/write operation is performed on the color palette RAM or the overlay registers. 

Table III. Truth Table for Read/Write Operations 
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Frame Buffer Interface 

The P0-P7, OLO and OL1 inputs are used to address the color 
palette RAM and overlay registers, as shown in Table IV. These 
inputs are latched on the rising edge of CLOCK and address 
any of the 256 locations in the color palette RAM or the three 
overlay registers. The addressed location contains 24 bits of 
color (8 bits of red, 8 bits of green and 8 bits of blue) informa- 
tion.This data is transferred to the three DACs and is then con- 
verted to an analog output (IOR, IOG and IOB), these outputs 
then control the red green and blue electron guns in the 
monitor. 

The SYNC and BLANK inputs are also latched on the rising 
edge of CLOCK. This is to maintain synchronization with the 
color data. 


OL1 

OLO 

P0-P7 

Addressed by Frame Buffer 

0 

0 

OOH 

Color Palette RAM Location OOH 

0 

0 

01H 

Color Palette RAM Location 01H 

0 

0 

FFH 

Color Palette RAM Location FFH 

0 

1 

XXH 

Overlay Color 1 

1 

0 

XXH 

Overlay Color 2 

1 

1 

XXH 

Overlay Color 3 


The red, green and blue analog outputs of the ADV453 are high 
impedance current sources. Each one of these three RGB cur- 
rent outputs is capable of directly driving a 37.5 Cl load, such as 
a doubly terminated 75H coaxial cable. Figure 4a shows the re- 
quired configuration for each of the three RGB outputs con- 
nected into a doubly terminated 750 load. This arrangement 
will develop RS-343A video output voltage levels across a 750 
monitor. A simple method of driving RS-170 video levels into a 
750 monitor is shown in Figure 4b. The output current levels 
of the DACs remain unchanged, but the source termination re- 
sistance, Z s , on each of the three DACs is increased from 750 
to 1500. 

More detailed information regarding load terminations for vari- 
ous output configurations, including RS-343A and RS-170, is 
available in an application note entitled “Video Formats & Re- 
quired Load Terminations” available from Analog Devices. 

Figure 5 shows the video waveforms associated with the three 
RGB outputs driving the doubly terminated 750 load of Figure 
4a. As well as the grey scale levels. Black L evel to White Level, 
the diagr am also shows the contributions of SYNC and 
BLANK. These control inputs add appropriately weighted cur- 
rents to the analog outputs producing the specific output level 
require men ts for vid eo applications. Table V details how the 
SYNC and BLANK inputs modify the output levels. 


Table IV. Pixel and Overlay Control Truth Table 

Analog Interface 

The ADV453 has three analog outputs, corresponding to the 
red, green and blue video signals. A fourth analog output 
(I SY nc) can be used if it is required to encode video synchroni- 
zation information onto the green signal. In this case, I SY nc is 
connected to IOG as shown in Figure 3. If it is not required to 
encode sync information onto the green signal (as would be the 
case if a separate synchronization circuit was used), Isync 
should be connected to GND and the digital SYNC input pin 
should be tied low. 



RED 

GREEN 

BLUE 


IOR. IOG. IOB Z o =750 




Z s = 751i < 

(SOURCE TERMINATION) 1 


(CABLE) 


Z L = 75n 
(MONITOR) 


Figure 4a. Recommended Analog OutputTermination for 
RS-343A 


. IOR, IOG, IOB Z 0 =750 


z s =i5on 

(SOURCE TERMINATION) 



Z L = 7511 
(MONITOR) 


Figure 4b. Recommended Analog Output Termination for 
RS-170 


Figure 3. Encoding SYNC onto Green Signal 
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WHITE LEVEL 


BLACK LEVEL 
BLANK LEVEL 

SYNC LEVEL 


NOTES 

1. OUTPUTS CONNECTED TO A DOUBLY TERMINATED 750 LOAD. 

2. V REF = 1.235V, R set = 2800, l SYNC CONNECTED TO IOG. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 5. RGB Video Output Waveform 


Description 

IOG 

mA 1 

IOR, IOB 
mA 



DAC 

Input Data 

SYNC 

BLANK 

White Level 

26.67 

19.05 

1 

1 

FFH 

Video 

Video + 9.05 

Video + 1.44 

1 

1 

Data 

Video to Blank 

Video +1.44 

Video +1.44 

0 

1 

Data 

Black Level 

9.05 

1.44 

1 

1 

00H 

Black to Blank 

1.44 

1.44 

0 

1 

00H 

Blank Level 

7.62 

0 

1 

0 

XXH 

SYNC Level 

0 

0 

0 

0 

XXH 


NOTES 

'Typical with full scale IOG = 26.67mA. 

V ref = 1.235V, Rset = 2800, Isync connected to IOG. 


Table V. Video Output Truth Table 


PC BOARD LAYOUT CONSIDERATIONS 

The ADV453 is optimally designed for lowest noise perform- 
ance, both radiated and conducted noise. To complement the 
excellent noise performance of the ADV453, it is imperative that 
great care be given to the PC board layout. The layout should 
be optimized for lowest noise on the ADV453 power and ground 
lines. This can be achieved by shielding the digital inputs and 
providing good decoupling. The lead length between groups of 
V AA and GND pins should by minimized so as to minimize in- 
ductive ringing. 

Ground Planes 

The ground plane should encompass all ADV453 ground pins, 
voltage reference circuitry, power supply bypass circuitry, the 
analog output traces and all the digital signal traces leading up 
to the ADV453. 


Power Planes 

The PC board layout should have two distinct power planes, 
one for analog circuitry and one for digital circuitry. The analog 
power plane should encompass the ADV453 (V AA ) and all asso- 
ciated analog circuitry. This power plane should be connected to 
the regular PCB power plane (V cc ) at a single point through a 
ferrite bead, as illustrated in Figure 6. This bead should be 
located within three inches of the ADV453. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV453 power pins, voltage reference circuitry and 
any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane- to-plane noise coupling. 
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COMPONENT DESCRIPTION 


VENDOR PART NUMBER 


C1-C6 

C7 

LI 

R1, R2, R3 

^SET 

Z1 


O.IjaF ceramic capacitor 

TOfxF TANTALUM CAPACITOR 
FERRITE BEAD 

7511 1% METAL FILM RESISTOR 
28011 1% METAL FILM RESISTOR 
1.235V VOLTAGE REFERENCE 


FAIR-RITE 2743001111 
DALE CMF-55C 
DALE CMF-55C 
ANALOG DEVICES AD589KH 


Figure 6. ADV453 Typical Connection Diagram and Component List 


Supply Decoupling 

Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors (see Figure 6). 

Optimum performance is achieved by the use of 0.1 jiF ceramic 
capacitors. Each of the three groups of V AA should be individu- 
ally decoupled to ground. This should be done by placing the 
capacitors as close as possible to the device with the capacitor 
leads as short as possible, thus minimizing lead inductance. 

It is important to note that while the ADV453 contains circuitry 
to reject power supply noise; this rejection decreases with fre- 
quency. If a high frequency switching power supply is used, the 
designer should pay close attention to reducing power supply 
noise. A dc power supply filter (Murata BNX002) will provide 
EMI supression between the switching power supply and the 
main PCB. Alternatively, consideration could be given to using 
a three-terminal voltage regulator. 


Digital Signal Interconnect 

The digital signal lines to the ADV453 should be isolated as 
much as possible from the analog outputs and other analog cir- 
cuitry. Digital signal lines should not overlay the analog power 
plane. 

Due to the high clock rates used, long clock lines to the 
ADV453 should be avoided so as to minimize noise pickup. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane (V cc ), and 
not the analog power plane. 

Analog Signal Interconnect 

The ADV453 should be located as close as possible to the out- 
put connectors thus minimizing noise pickup and reflections due 
to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre- 
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 7511. This termina- 
tion resistance should be as close as possible to the ADV453 to 
minimize reflections. 
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ANALOG 

DEVICES 


Monolithic 256x18 
CMOS Color Palette RAM-DAC 


ADV476 


FEATURES 

Personal System/2* and VGA* Compatible 

Plug-in Replacement for INMOS 171/176 

66MHz Pipelined Operation 

Three 6-Bit D/A Converters 

256x18 Color Palette RAM 

RS-343A/RS-1 70 Compatible Outputs 

Blank on All Three Channels 

Standard MPU Interface 

Asynchronous Access to All Internal Registers 

+5V CMOS Monolithic Construction 

Low Power Dissipation 

Standard 28-Pin, 0.6" DIP 

APPLICATIONS 

High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 

66MHz 

50MHz 

35MHz 

GENERAL DESCRIPTION 

The ADV476 is a pin compatible and software compatible 
RAM-DAC designed specifically for VGA and Personal 
System/2 color graphics. 

The ADV476 is a complete analog output RAM-DAC on a sin- 
gle monolithic chip. The part contains a 256 x 18 color lookup 
table, a pixel mask register as well as a triple 6-bit video D/A 
converter. The ADV476 is capable of simultaneously displaying 
up to 256 colors, from a total color palette of 262,144 address- 
able colors. 

The on-chip asynchronous MPU bus allows access to the color 
lookup table without affecting the input video data via the pixel 
port. The pixel read mask register provides a convenient way of 
altering the displayed colors without updating the color lookup 
table. The ADV476 is capable of generating RGB video output 
signals which are compatible with RS-343A and RS-170 video 
standards, without requiring external buffering. 

The ADV476 is fabricated in a +5V CMOS process. Its mono- 
lithic CMOS construction ensures greater functionality with low 
power dissipation and small board area. The part is packaged in 
a 0.6", 28-pin DIP. 

♦Personal System/2 and VGA are trademarks of International Business 
Machines Corp. 


ADV476 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. Standard video refresh rates, 35MHz, 50MHz and 66MHz. 

2. Fully compatible with VGA and Personal System/2 color 
graphics. 

3. Guaranteed monotonic. Integral and differential linearity 
guaranteed to be a maximum of ±1LSB. 

4. Low glitch energy, 75pV secs. 
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CDCrJETIPATinidC (V cc = +5V ±10 % l R EF = 8.88mA. 

Ol Lull I OH 1 1 UNO All Specifications T min to T ^ 1 unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 

6 

Bits 


Accuracy (Each DAC) 




Integral Nonlinearity 

±0.5 

LSB max 

Guaranteed Monotonic 

Full Scale Error 

±5 

% max 

Full Scale = 2 . 1 5 x I REF x R L , I REF =8.39mA 

Blank Level 

±0.5 

LSB max 

BLANK = Logic Low 

Offset Error 

±0.5 

LSB max 

BLANK = Logic High 

DIGITAL INPUTS 




Input High Voltage, V INH 

2 

V min 


Input Low Voltage, V INL 

0.8 

V max 


Input Current, I IN 

±10 

fxA max 

V CC = 5.5V, V in = 0.4V to V cc 

Input Current (RD Input Only) 

±100 

jjlA max 

V CC = 5.5V, V in = 0.4V to V cc 

Input Capacitance, C IN 

7 

pF typ 


DIGITAL OUTPUTS 




Output High Voltage, V OH 

2.4 


^source = 500pA, V CC = 4.5V 

Output Low Voltage, V OL 

0.4 


IsiNK = 5-0mA, V CC = 4.5V 

Floating- State Leakage Current 

±50 


V CC = 5.5V, 0.4V<V in <V cc 

Floating- State Output Capacitance 

7 



ANALOG OUTPUTS 




Max Output Voltage 

1.5 

V min 

IO<10mA, IO=2.15 xI ref 

Max Output Current 

21 

mA min 

VO<lV 

DAC to DAC Matching 2 

±2.5 

% max 


Analog Output Capacitance 

10 

pF typ 

BLANK = Logic Low 

CURRENT REFERENCE 




Input Current (I REF ) Range 

l 

OJ 

T 

o 

mA min/mA max 


Voltage at I REF 

1 Vcc -3/V cc 1 


Ir EF = 8.88mA 

POWER SUPPLY 

■ I 



Supply Voltage, V cc 


V min/V max 


Supply Current, I cc 

H 

mA max 

fMAx = 66MHz, IO=2.15 xI ref , DO to D7 Unloaded 

Power Supply Rejection Ratio 


%/V 

4.5<V CC <5.5V, IO=2.15xI ref , R L = 37.5n, 

C L = 30pF, I REF = 8.88mA 

DYNAMIC PERFORMANCE 




Clock and Data Feedthrough 3,4 

-35 

dB typ 


Glitch Impulse 3,4 

75 

pV secs typ 



NOTES 

‘Temperature range (T min to T max ); 0 to +70°C. 

2 Relative to the midpoint of the distribution of the three DACs measured at full scale. 

3 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10pF, 37.5ft. D0-D7 output load <50pF. See timing notes in Figure 2. 

“Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a lkft resistor 
to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, -3dB test bandwidth = 2 x clock rate. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 (V cc = +5V±10%. All Specifications T min to T max 2 ) 


Parameter 

66MHz Version 

50MHz Version 

35MHz Version 

Units 

Conditions/Comments 


66 

50 

35 

MHz 

Clock Rate 

ti 

10 

10 

15 

ns min 

RS0, RSI Setup Time 

t 2 

10 

10 

15 

ns min 

RS0, RSI Hold Time 

t 3 

5 

5 

5 

ns min 

RD Asserted to Data Bus Driven 

t 4 

40 

40 

40 

ns max 

RD Asserted to Data Valid 

t 5 

20 

20 

20 

ns max 

RD Negated to Data Bus 3-Stated 

t 6 

10 

10 

15 

ns min 

Write Data Setup Time 

t 7 

10 

10 

15 

ns min 

Write Data Hold Time 

*8 

50 

50 

50 

ns min 

RD, WR Pulse Width Low 

*9 

4xt 12 

4xt 12 

4xt 12 

ns min 

RD, WR Pulse Width High 

ho 

3 

3 

4 

ns min 

Pixel & Control Setup Time 

hi 

3 

3 

4 

ns min 

Pixel & Control Hold Time 

h2 

15.3 

20 

28 

ns min 

Clock Cycle Time 

h 3 

5 

6 

7 

ns min 

Clock Pulse Width High Time 

h 4 

5 

6 

9 

ns min 

Clock Pulse Width Low Time 

hs 

30 

30 

30 

ns max 

Analog Output Delay 


5 

5 

5 

ns min 


tl6 

6 

8 

8 

ns max 

Analog Output Rise/Fall Time 

tl7 3 

15.3 

20 

25 

ns typ 

Analog Output Settling Time 

*18 

2 

2 

2 

ns min 

Analog Output Skew 

tpD 

4 

4 

4 

clocks 

Pipeline Delay 


NOTES 

'TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10 pF, 37.50. D0-D7 output load<50 pF. See timing notes in Figure 2. 

2 Temperature Range (T min to T max ); 0 to +70°C 

Settling time does not include clock and data feedthrough. For this test, the digital inputs have a Ikft resistor to ground and are driven by 74HC logic. 
Specifications subject to change without notice. 
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RS0, RSI sSSJ’X 



^ t 8 - » 


RD, WR 
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7 \ 
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READ (D0-D7) 




Nw 



^\\V 


> 

WRiTE (00-07) 


4 t* fr 



Figure 1. MPU Read/Write Timing 



NOTES 

1. OUTPUT DELAY (t 18 ) MEASURED FROM THE 50% POINT OF THE RISING EDGE OF THE PCLK TO 
THE 50% POINT OF FULL SCALE TRANSITION. 

2. SETTLING TIME (t„) MEASURED FROM THE 50% POINT OF FULL SCALE TRANSITION TO THE 
OUTPUT REMAINING WITHIN ±1/4 LSB. 

3. OUTPUT RISE/FALL TIME (t 16 ) MEASURED BETWEEN THE 10% AND 90% POINTS OF FULL SCALE 
TRANSITION. 


Figure 2. Video Input/Output Timing 
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ABSOLUTE MAXIMUM RATINGS* 

V cc to GND . . +7V 

Voltage on any Digital Pin. ...... .GND-0.5V to V CC +0.5V 

Ambient Operating Temperature (T A ) -55°C to + 125°C 

Storage Temperature (T s ) -65°C to +150°C 

Junction Temperature (Tj) + 175°C 

Soldering Temperature (5secs ) +260°C 

Red, Green, Blue to GND 1 OV to V cc 


NOTES 

*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

1 Analog output short circuit to any power supply or common can be of an 
indefinite duration. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 

V C c 

4.5 

5.00 

5.5 

Volts 

Ambient Operating Temperature 

t a 

0 


+ 70 

°C 

Output Load 

r l 


37.5 


a 

Reference Current 

Iref 

-3 


-10 

mA 


DIP PIN CONFIGURATIONS 


RED 

GREEN 

BLUE 

Iref 


P3 

P4 

P5 

P6 

P7 

PCLK 


EC 

W 

• 

28 

E 


27 

Cl 


26 

El 


25 

Cl 


24 

El 


23 

[I 

ADV476 

22 

[l 

TOP VIEW 
(Not to Scale) 

21 

El 


20 

El 


19 

El 


18 | 

EE 


17 

El 


16 

EE 


.111 


V C c 

RSI 

RSO 

WR 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


BLANK 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING INFORMATION 1 


Model 

Speed 

Package 

Options 2 * 3 

ADV476KN35 

35MHz 

N-28 

ADV476KN50 

50MHz 

N-28 

ADV476KN66 

66MHz 

N-28 


NOTES 

1 AI1 devices are specified for 0 to + 70°C operation. 

2 A11 devices are packaged in 0.6" 28-pin plastic DIPs (N-28). 
3 See Section 14 for package outline information. 
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PIN FUNCTION DESCRIPTION 


Pin 

Mnemonic Function 

BLANK Composite blank control input (TTL compatible ). A logic zero on this control input drives the analog outputs 

to the bla nking level, as shown in Table V. The BLANK signal is latched on the rising edge of PCLK. While 
BLANK is a logical zero, the pixel inputs are ignored. 

PCLK Clock input (TTL compatible). The rising edge of PCLK latches the P0-P7 data inputs and the BLANK 

control input. It is typically the pixel clock rate of the video system. PCLK should be driven by a dedicated 
TTL buffer. 


P0-P7 

RED, GREEN, 
BLUE 

Vcc 

GND 

Iref 


WR 

RD 

RSO, RSI 
D0-D7 


Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in 
the color palette RAM is to be used to provide color information. P0-P7 pixel select inputs are latched on the 
rising edge of PCLK. PO is the LSB. Unused pixel select inputs should be connected to GND. 

Red, green and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 75H coaxial cable, as shown in Figure 4a. All three current outputs should have similar 
output loads whether or not they are all being used. 

Analog power supply (5V ±10%). 

Analog ground. 

Current reference input. The relationship between the current input and the full scale output voltage of the 
DACs is given by the following expression: 

Iref = VO (Full Scale)/2.15 x R L 
R l = Load Resistance 

Write control input (TTL compati ble). WR must be at logical zero when writing data to the device. D0-D7 
data is latched on the rising edge of WR. See Figure 1. 

Read control input (TTL compatible). RD must both be at logical zero when reading data from the device. 
See Figure 1. 

Command control inputs (TTL compatible). RSO and RSI specify the type of read or write operation being 
carried out, i.e., address register or color palette RAM read or write operations. See Tables I, II, III. 

Data bus (TTL compatible). Data is transferred to and from the address register and the color palette RAM 
over this 8-bit bidirectional data bus. DO is the least significant bit. 


TERMINOLOGY 
Blanking Level 

The level separating the SYNC portion from the Video portion 
of the waveform. Usually referred to as the Front Porch or Back 
Porch. At 0 IRE Units, it is the level which will shut off the 
picture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three pri- 
mary colors of Red, Green and Blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Gray Scale 

The discrete levels of video signal between Reference Black and 
Reference White levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 


Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 
Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between Reference White and Reference Black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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ADV476 CIRCUIT DESCRIPTION 


MPU Interface 

As illustrated in the functional block diagram, the ADV476 sup- 
ports a standard MPU bus interface, allowing the MPU direct 
access to the color palette RAM . 

The RSO and RSI control inputs specify whether the MPU is 
accessing the address register or the color palette RAM, as 
shown in Table I. The 8-bit address register is used to address 
the color palette RAM, eliminating the requirement for external 
address multiplexers. 


RSI 

RSO 

Addressed by MPU 

0 

0 

Pixel Address Register (RAM Write Mode) 

1 

1 

Pixel Address Register (RAM Read Mode) 

0 

1 

Color Palette RAM 

1 

0 

Pixel Read Mask Register 


Table I. Control Input Truth Table 


To write color data, the MPU writes to the address register with 
the 8-bit address of the color palette RAM location which is to 
be modified. The MPU performs three successive write cycles 
(six bits of red data, six bits of green data and six bits of blue 
data). During the blue write cycle, the three bytes of color in- 
formation are concatenated into an 18-bit word and written to 
the location specified by the address register. The address regis- 
ter then automatically increments to the next location which the 
MPU may modify by simply writing another sequence of red, 
green and blue data. 

To read back color data, the MPU loads the address register 
with the address of the color palette RAM location to be read. 
The MPU performs three successive read cycles (6 bits each of 
red, green and blue data). Following the blue read cycle, the 
address register increments to the next location which the MPU 


may read by simply reading another sequence of red, green and 
blue data. 

This 6-bit color data is right justified, i.e., the lower six bits of 
the data bus with DO being the LSB and D5 the MSB. D6 and 
D7 are ignored during a color write cycle and are set to zero 
during a color read cycle. 

During color palette RAM access, the address register resets to 
00H following a blue read or write operation to RAM location 
FFH. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM and the color reg- 
isters (R, G, and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU accesses. 
Color (RGB) data is normally loaded to the color palette RAM 
during video screen retrace, i.e., during the video waveform 
blanking period, see Figure 5. 

To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register, and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented following a blue read or write 
cycle, (ADDRO-7) are accessible to the MPU, and are used to 
address color palette RAM locations, as shown in Table III. 
ADDRO is the LSB when the MPU is accessing the RAM. The 
MPU may read the address register at any time without modify- 
ing its contents or the existing read/write mode. 

Figure 1 illustrates the MPU read/write timing and Table III 
shows the associated functional instructions. 




RSI 

RSO 

Addressed by MPU 

ADDRa, b (Counts Modulo 3) 


jm 


Red Value 





Green Value 


EMM 

■ 

■ 

Blue Value 

ADDRO-7 (Counts Binary) 

OOH-FFH 1 

__ 

1 

Color Palette RAM 


Table II. Address Register (ADDR) Operation 


RD 

WR 

RSO 

RSI 

ADDRa 

ADDRb 

Operation Performed 

1 

0 

0 

0 

X 

X 

Write Address Register; 

D0-D7 ADDRO-7 

0 — ► ADDRa, b 

1 

0 

1 

0 

0 

0 

Write Red Value; 

Increment ADDRa-b 

1 

0 

1 

0 

0 

1 

Write Green Value; 

Increment ADDRa-b 

1 

0 

1 

0 

1 

0 

Write Blue Value; 

Modify RAM Location 
Increment ADDRO-7 
Increment ADDRa-b 

0 

1 

1 

1 

X 

X 

Read Address Register; 

ADDRO-7 D0-D7 

0 

1 

1 

0 

0 

0 

Read Red Value; 

Increment ADDRa-b 

0 

1 

1 

0 

0 

1 

Read Green Value; 

Increment ADDRa-b 

0 

1 

1 

0 

1 

0 

Read Blue Value; 

Increment ADDRO-7 
Increment ADDRa-b 

0 

0 

X 

X 

X 

X 

Invalid Operation 


Table III. Truth Table for Read/Write Operations 
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ADV476 


Frame Buffer Interface 

The P0-P7 inputs are used to address the color palette RAM, as 
shown in Table IV. These inputs are latched on the rising edge 
of PCLK and address any of the 256 locations in the color pal- 
ette RAM. The addressed location contains 18 bits of color (6 
bits of red, 6 bits of green and 6 bits of blue) information. This 
data is transferred to the three DACs and is then converted to 
an analog output (RED, GREEN, BLUE), these outputs then 
control the red, green and blue electron guns in the monitor. 

The BLANK input is also latched on the rising edge of PCLK. 
This is to maintain synchronization with the color data. 


P0-P7 

Addressed by Frame Buffer 

OOH 

01H 

Color Palette RAM Location OOH 
Color Palette RAM Location 01H 

• 

• • 

• 

FFH 

• • 

Color Palette RAM Location FFH 


Table IV. Pixel Select/Color Palette Control Truth Table 
Pixel Read Mask Register 

The Pixel Read Mask Register in the ADV476 can be used to 
implement register level pixel processing, thereby cutting down 
on software overhead. This is achieved by gating the input pixel 
stream (P0-P7) with the contents of the pixel read mask regis- 
ter. The operation is a bitwise logical ANDing of the pixel data. 
The contents of this register can be accessed and altered at any 
time by the MPU (D0-D7). Table I shows the relevant control 
signals. 


This pixel masking operation can be used to alter the displayed 
colors without changing the contents of either the video frame 
buffer or the color palette RAM. The effect of this operation is 
to partition the color palette into a user determined number of 
color planes. This process can be used for special effects includ- 
ing animation, overlays and flashing objects. 



DO — D7 


Figure 3. Block Diagram Showing Pixel Read Mask Register 


Analog Interface 

The ADV476 has three analog outputs, corresponding to the 
Red, Green and Blue video signals. 

The Red, Green and Blue analog outputs of the ADV476 are 
high impedance current sources. Each one of these three RGB 
current outputs is capable of directly driving a 37.5G load, such 
as a doubly-terminated 750 coaxial cable. Figure 4a shows the 
required configuration for each of the three RGB outputs con- 
nected into a doubly-terminated 750 load. This arrangement 
will develop RS-343A video output voltage levels across a 750 
monitor. A simple method of driving RS-170 video levels into a 
750 monitor is shown in Figure 4b. The output current levels 
of the DACs remain unchanged but the source termination resis- 


tance, Z s , on each of the three DACs is increased from 750 to 
1500. 

More detailed information regarding load terminations for vari- 
ous output configurations, including RS-343A and RS-170, is 
available in an application note entitled “Video Formats & 
Required Load Terminations” available from Analog Devices. 

Figure 5 shows the video waveforms associated with the three 
RGB outputs, driving the doubly terminated 750 load of Fig- 
ure 4a. The BLANK control input drives the analog outputs to 
the Black Level. BLANK is asserted prior to h orizontal and 
vertical screen retrace. Table V details how the BLANK input 
modifies the output levels. 


RED, GREEN, BLUE 


Z 0 =750 


Z s =750 

(SOURCE 

TERMINATION) 


-G 


(CABLE) 


V 


I Zl 

><M 


=750 

(MONITOR) 


V 


RED, GREEN, BLUE 



Figure 4a. Recommended Analog Output Termination for Figure 4b. Recommended Analog Output Termination for 
RS-343A RS-170 
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100 IRE 


mA 

V 

19.05 

0.714 

0.00 

0.000 



NOTES 

1. OUTPUTS CONNECTED TO A DOUBLY TERMINATED 750 LOAD. 

2. lugp— 8.88mA. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 5. RGB Video Output Waveform 


Description 

RED, GREEN, 
BLUE, (mA) 1 

BLANK 

DAC 

Input Data 

WHITE LEVEL 

19.05 

1 

FFH 

VIDEO 

Video 

1 

DATA 

BLACK LEVEL 

0 

1 

00H 

BLANK LEVEL 

0 

0 

xxH 


NOTE 

typical with full scale RED, GREEN, BLUE = 19.05mA. I REF = 8.88mA. 


Table V. Video Output Truth Table 


Reference Input 

The ADV476 requires an active current reference to enable the 
DACs provide stable and accurate video output levels. The rela- 
tionship between the output voltage and the required input ref- 
erence current is given by: 


Iref= 


VO (FULL SCALE) 

2.15xR l 


where 

r l 

= 37.50 
= 750 

and 

VO 

= 0.714V 
= 1.0V 


(for doubly terminated 750 load) 
(for singly terminated 750 load) 

(RS-343A video levels) 

(RS-170 video levels). 


In a standard application which requires RS-343A video levels to 
be driven into a doubly terminated 750 load (R L = 37.50), the 
necessary reference input current is: 

Iref = 8.88mA. 

To drive the same levels into a singly terminated 750 load 
(R L = 750), the reference current is: 

I REF = 4.44mA. 

A suggested current reference design for the doubly terminated 
case, with RS-343A video levels and based on the LM334, a 
three-terminal adjustable current source, is shown in Figure 6. 
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Figure 6. Current Reference Design Using an LM334 
Current Source 

PC BOARD LAYOUT CONSIDERATIONS 

The ADV476 is optimally designed for lowest noise perform- 
ance, both radiated and conducted noise. For optimum system 
noise performance, it is imperative that great care be given to 
the PC board layout. The layout should be optimized for lowest 
noise on the ADV476 power and ground lines. This can be 
achieved by shielding the digital inputs and providing good 
decoupling. The lead length between groups of V cc and GND 
pins should by minimized so as to minimize inductive ringing. 

Ground Planes 

The ground plane should encompass all ADV476 ground pins, 
voltage reference circuitry, power supply bypass circuitry, the 
analog output traces and all the digital signal traces leading up 
to the ADV476. 

Power Planes 

The PC board layout should have two distinct power planes, one 
for analog circuitry and one for digital circuitry. The analog 
power plane (V cc ) should encompass the ADV476 and all asso- 
ciated analog circuitry. This power plane should be connected to 
the regular PCB power plane at a single point through a ferrite 
bead, as illustrated in Figure 7. This bead should be located 
within three inches of the ADV476. 


The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV476 power pins, current reference circuitry 
and any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 

Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors, see Figure 7. 

Optimum performance is achieved by the use of 0. 1 jjlF ceramic 
capacitors. This should be done by placing the capacitors as 
close as possible to the device with the capacitor leads as short 
as possible, thus minimizing lead inductance. 

It is important to note that while the ADV476 contains circuitry 
to reject power supply noise, this rejection decreases with fre- 
quency. If a high frequency switching power supply is used, the 
designer should pay close attention to reducing power supply 
noise. A dc power supply filter (Murata BNX002) will provide 
EMI suppression between the switching power supply and the 
main PCB. Alternatively, consideration could be given to using 
a three terminal voltage regulator. 

Digital Signal Interconnect 

The digital signal lines to the ADV476 should be isolated as 
much as possible from the analog outputs and other analog cir- 
cuitry. Digital signal lines should not overlay the analog power 
plane. 

Due to the high clock rates used, long clock lines to the 
ADV476 should be avoided so as to minimize noise pickup. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane and not 
the analog power plane. 

Analog Signal Interconnect 

The ADV476 should be located as close as possible to the out- 
put connectors thus minimizing iloise pickup and reflections due 
to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre- 
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 750. This termina- 
tion resistance should be as close as possible to the ADV476 to 
minimize reflections. 
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+5V (PCB POWER PLANE) 


GROUND 


COMPONENT DESCRIPTION 


0.1 fxF CERAMIC CAPACITOR 
10|xF TANTALUM CAPACITOR 
47|xF TANTALUM CAPACITOR 
FERRITE BEAD 


VENDOR PART NUMBER 

ERIE RPE112Z5U104M50V 
MALLORY CSR13G106KM 
MALLORY CSR13F476KM 
FAIR-RITE 2743001111 


R1, R2, R3 75H 1% METAL FILM RESISTOR DALE CMF-55C 


Figure 7. ADV476 Typical Connection Diagram and Component List 
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ANALOG 

DEVICES 



CMOS 80MHz Monolithic 256 x 24(18) 
Color Palette RAM-DAC 


ADV478/ADV471 


FEATURES 

Personal System/2* Compatible 
80MHz Pipelined Operation 
Triple 8-Bit (6-Bit) D/A Converters 
256x24(18) Color Palette RAM 
15x24(18) Overlay Registers 
RS-343A/RS-170 Compatible Outputs 
Sync on All Three Channels 
Programmable Pedestal (0 or 7.5 IRE) 

External Voltage or Current Reference 
Standard MPU Interface 
+ 5V CMOS Monolithic Construction 
44-Pin PLCC Package 
Power Dissipation: 800mW 

APPLICATIONS 

High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 

80MHz 

66MHz 

50MHz 

35MHz 

GENERAL DESCRIPTION 

The ADV478 and ADV471 are pin compatible and software 
compatible RAM-DACs designed specifically for Personal 
System/2 compatible color graphics. 

The ADV478 has a 256 x 24 color lookup table with triple 8-bit 
video D/A converters. It may be configured for either 6 bits or 
8 bits per color operation. The ADV471 has a 256 x 18 color 
lookup table with triple 6-bit video D/A converters. 



Options on both parts include a programmable pedestal (0 or 
7.5 IRE) and use of an external voltage or current reference. 
Fifteen overlay registers provide for overlaying cursors, grids, 
menus, EGA emulation, etc. Also supported is a pixel read 
mask register and sync generation on all three channels. 

The ADV478 and ADV471 generate RS-343A compatible video 
signals into a doubly terminated 750 load, and RS-170 compatible 
video signals into a singly terminated 750 load, without requiring 
external buffering. Differential and integral linearity errors are 
guaranteed to be a maximum of ± 1LSB for the ADV478 and 
± 1/4LSB for the ADV471 over the full temperature range. 


^Personal System/2 is a trademark of International Business Machines 
Corp. 
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SPECIFICATIONS 


(V# 1 = + 5Y, SETUP = 8/6 = Vaa, Vref = + 1 .235V. R$n = 14711. All Specifications T™, to Tn^ 2 unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 3 

8(6) 

Bits 


Accuracy (Each DAC) 3 




Integral Nonlinearity 

±1(1/4) 

LSB max 


Differential Nonlinearity 

±1(1/4) 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5 

% Gray Scale max 


Coding 

Binary 



DIGITAL INPUTS 




Input High Voltage, Vinh 

2 

Vmin 


Input Low Voltage, V INL 

0.8 

Vmax 


Input Current, I IN 

±1 

fjiA max 

V IN = 0.4V or 2.4V 

Input Capacitance, Q N 

7 

pF max 


DIGITAL OUTPUTS 




Output High Voltage, V 0 h 

2.4 


I SOURCE - 400 JA A 

Output Low Voltage, V 0 l 

0.4 


Isink = 3.2mA 

Floating-State Leakage Current 

50 



Floating-State Output Capacitance 

7 



ANALOG OUTPUTS 




Gray Scale Current Range 

20 

mA max 


Output Current 




White Level Relative to Blank 

17.69 

mA min 

Typically 19.05mA 


20.40 

mA max 


White Level Relative to Black 

16.74 

mA min 

Typically 17.62mA 


18.50 

mA max 


Black Level Relative to Blank 

0.95 

mA min 

Typically 1.44mA 

(SETUP = V AA ) 

1.90 

mA max 


Black Level Relative to Blank 

0 

(jlA min 

Typically 5|xA 

(SETUP =GND) 

50 

|jlA max 


Blank Level 

6.29 

mA min 

Typically 7.62mA 


8.96 

mA max 


Sync Level 

0 

|xA min 

Typically 5 jaA 


50 

|xA max 


LSB Size 3 

69.1(279.68) 

M-A typ 

8/6 = Logical 1 for ADV478 

DAC to DAC Matching 

5 

% max 

Typically 2% 

Output Compliance, Voc 

-1 

V min 



+ 1.5 

V max 


Output Impedance, Rout 

10 

kfl typ 


Output Capacitance, Cotrr 

30 

pF max 

Tout = 0mA 

VOLTAGE REFERENCE 




Voltage Reference Range, V RE f 

1.14/1.26 

V min/V max 


Input Current, I vref 

10 

M-A typ 

Tested in Voltage Reference 




Configuration with V RE f = 1 -235V 

POWER SUPPLY 




Supply Voltage, V AA 

4.75/5.25 

V min/V max 

80MHz Parts 


4.50/5.50 

V min/V max 

50MHz and 35MHz Parts 

Supply Current, I AA 

220 

mA max 

Typically 180mA 

Power Supply Rejection Ratio 

0.5 

%/% max 

f= lkHz,COMP = 0.1|xF 

Power Dissipation 

1100 

mW max 

Typically 900mW, Vaa = 5 V 

DYNAMIC PERFORMANCE 


! 


Clock and Data Feedthrough 4,5 

-30 

dB typ 


Glitch Impulse 4,5 

75 

pV secs typ 


DAC to DAC Crosstalk 6 

-23 

dB typ 



NOTES 

1 ± 5% for 80MHz parts; ± 10% for 66MHz, 50MHz and 35MHz parts. 

2 Temperature Range (T min to T max ); 0 to + 70°C. 

3 Numbers in parentheses indicate ADV471 parameter value. 

4 Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a 
lkH resistor to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, - 3dB test bandwidth = 2 x clock rate. 
S TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% 
for inputs and outputs. Analog output load slOpF, DO - D7 output load <50pF. See timing notes in Figure 2. 

6 DAC to DAC crosstalk is measured by holding one DAC high while the other two are making low to high and high to low transitions. 
Specifications subject to change without notice. 
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ADV478/ADV471 


TIMING CHARACTERISTICS 1 (V M 2 = +5V, SETUP = 8/6 = »«, Vhf = 1 .235V. = 147ft. Ml Specifications T„* to T^, 3 .) 


Parameter 

KP80 Version 

KP66 Version 

KP50 Version 

KP35 Version 

Units 

Conditions/ Comments 

fmax 

80 

66 

50 

35 

MHz 

Clock Rate 

tl 

10 

10 

10 

15 

ns min 

RS0 - RS2 Setup Time 

t 2 

10 

10 

10 

15 

ns min 

RS0-RS2 Hold Time 

t 3 

5 

5 

5 

5 

ns min 

RD Asserted to Data Bus Driven 

u 

40 

40 

40 

40 

ns max 

RD Asserted to Data Valid 

*5 

20 

20 

20 

20 

ns max 

RD Negated to Data Bus 3-Stated 

t 6 

10 

10 

10 

15 

ns min 

Write Data Setup Time 

t 7 

10 

10 

10 

15 

ns min 

Write Data Hold Time 

t 8 

50 

50 

50 

50 

ns min 

RD,WR Pulse Width Low 

*9 

4x t 12 

4xt 12 

4x t 12 

4xt 12 

ns min 

RD, WR Pulse Width High 

*10 

3 

3 

3 

4 

ns min 

Pixel and Control Setup Time 

*11 

3 

3 

3 

4 

ns min 

Pixel and Control Hold Time 

*12 

12.5 

15.3 

20 

28 

ns min 

Clock Cycle Time 

*13 

4 

5 

6 

7 

ns min 

Clock Pulse Width High Time 

*14 

4 

5 

6 

9 

ns min 

Clock Pulse Width Low Time 

*15 

30 

30 

30 

30 

ns max 

Analog Output Delay 

*16 

3 

3 

3 

3 

ns typ 

Analog Output Rise/Fall Time 

*17 4 

13 

15.3 

20 

28 

ns typ 

Analog Output Settling Time 

*18 

2 

2 

2 

2 

ns max 

Analog Output Skew 

*PD 

4x t 12 

4x t 12 

4xt 12 

4 x t 12 

ns min 

Pipeline Delay 


NOTES 

1 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference 
points at 50% for inputs and outputs. Analog output load <10pF, 37.5ft. DO - D7 output load <50pF. See timing notes in Figure 2. 
2 ±5% for 80MHz parts; ± 10% for 66MHz, 50MHz and 35MHz parts. 

3 Temperature Range (T^,, to T MX ); 0 to + 70°C. 

4 Settling time does not include clock and data feedthrough. For this test, the digital inputs have a lkft resistor to ground and are 
driven by 74HC logic. 

Specifications subject to change without notice 

TIMING DIAGRAMS 
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Figure 1. MPU Read/Write Timing 



NOTES 

1. OUTPUT DELAY (t n5 ) MEASURED FROM THE 50% POINT OF THE RISING EDGE OF CLOCK TO 
THE 50% POINT OF FULL SCALE TRANSITION. 

2. SETTLING TIME (t 17 ) MEASURED FROM THE 50% POINT OF FULL SCALE TRANSITION TO THE 
OUTPUT REMAINING WITHIN ±1LSB (ADV478) OR ± 1/4LSB (ADV471). 

3. OUTPUT RISE/FALL TIME (t 16 ) MEASURED BETWEEN THE 10% AND 90% POINTS OF FULL SCALE 
TRANSITION. 


Figure 2. Video Input/Output Timing 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 

80MHz Parts 

Vaa 

4.75 

5.00 

5.25 

Volts 

50, 35MHz Parts 


4.5 

5.00 

5.5 

Volts 

Ambient Operating Temperature 

T a 

0 


+ 70 

°C 

Output Load 

Rl 


37.5 


a 

Voltage Reference Configuration 






Reference Voltage 

Vref 

1.14 

1.235 

1.26 

Volts 

Current Reference Configuration 






Reference Current 

Iref 

-3 


-10 

mA 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ABSOLUTE MAXIMUM RATINGS* 


PLCC PIN CONFIGURATION 


V AA to GND +7V 

Voltage on Any Digital Pin . . . GND -0.5V to V AA + 0.5V 
Ambient Operating Temperature (T a ) . . . -55°Cto + 125°C 

Storage Temperature (T s ) -65°C to + 150°C 

Junction Temperature (Tj) + 175°C 

Vapor Phase Soldering (2 minutes) TBD 

IOR, IOB, IOG to GND 1 0V to Vaa 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

'Analog output short circuit to any power supply or common can be of an 
indefinite duration. 



ORDERING INFORMATION 1, 2 


Color Palette 
RAM 

Speed 


80MHz 

66MHz 

50MHz 

35MHz 

Package 

Options 3 

256x 18 

ADV471KP80 

ADV471KP66 

ADV471KP50 

ADV471KP35 

P-44A 

256x24 

ADV478KP80 

ADV478KP66 

ADV478KP50 

ADV478KP35 

P-44A 


NOTES 

'All devices are packaged in a 44-pin plastic leaded (J-lead) chip carrier, PLCC. 
2 All devices are specified for 0 to +70°C operation. 

3 See Section 14 for package outline information. 
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ADV478/ADV471 


Pin 

Mnemonic 

BLANK 

SETUP 

SYNC 

CLOCK 

P0-P7 

OLO - OL3 

IOR, IOG, IOB 
Iref 


COMP 

Vref 

OPA 

V AA 

GND 

WR 


PIN FUNCTION DESCRIPTION 


Function 

Composite blank control input (TTL compatible). A logic zero drives the analog out puts to th e blanking level 
as illustrated in Tables IV and V. It is latched on the rising edge of CLOCK. When BLANK is a logical zero, 
the pixel and overlay inputs are ignored 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA ) 
blanking pedestal. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE current 
source on the analog outputs (see Figures 3 and 4). SYNC does not override any other control or data input, 
as shown in Tables IV and V; therefore, it should be asserted only during the blanking interval. It is latched 
on the rising edge of CLOCK. 

Clock inp ut (TTL compatible). The rising edge of CLOCK latches the P0 - P7, OLO - OL3, SYNC, and 
BLANK inputs. It is typically the pixel clock rate of the video system. It is recommended that CLOCK be 
driven by a dedicated TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in 
the color palette RAM is to be used to provide color information. They are latched on the rising edge of CLOCK. 
P0 is the LSB. Unused inputs should be connected to GND. 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide color 
information, as illustrated in Table III. When accessing the overlay palette, the P0 - P7 inputs are ignored. 
They are latched on the rising edge of CLOCK. OLO is the LSB. Unused inputs should be connected to 
GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 75fl coaxial cable (Figures 5 and 6). 

Full-scale adjust control. Note that the IRE relationships in Figures 3 and 4 are maintained, regardless of the 
full-scale output current. 

When using an external voltage reference (Figure 5), a resistor (Rset) connected between this pin and GND 
controls the magnitude of the full-scale video signal. The relationship between Rset and the full-scale output 
current on each output is: 

Rset (D)= K * 1,000 * V REF (V)/I 0 ut (mA) 

K is defined in the table below, along with corresponding Rset values for doubly terminated 75G loads. 

When using an external current reference (Figure 6), the relationship between I REF and the full-scale output 
current on each output is: 

Iref ( m A) = Iqut (mA)/K 


Mode 

Pedestal 

K 

Rset (D) 

6-Bit 

7.5 IRE 

3.170 

147 

8-Bit 

7.5 IRE 

3.195 

147 

6-Bit 

0IRE 

3.000 

147 

8-Bit 

0IRE 

3.025 

147 


Compensation pin. If an external voltage reference is used (Figure 5), this pin should be connected to OPA. If 
an external current reference is used, this pin should be connected to Iref- A 0.1 |xF ceramic capacitor must 
always be used to bypass this pin to V AA . 

Voltage reference input. If an external voltage reference is used (Figure 5), it must supply this input with a 
1.2V (typical) reference. If an external current reference is used (Figure 6), this pin should be left floating, 
except for the bypass capacitor. A 0.1 fiF ceramic capacitor must always be used to decouple this input to 
V AA as shown in Figures 5 and 6. 

Reference amplifier output. If an external voltage reference is used (Figure 5), this pin must be connected to 
COMP. When using an external current reference (Figure 6), this pin should be left floating. 

Analog power. All V^ pins must be connected to the Analog Power Plane. 

Analog ground. All GND pins must be connected to the Ground Plane. 

Write control input (TTL co mpat ible). DO - D7 data is latched on the rising edge of WR, and RS0 - RS2 are 
latched on the falling edge of WR during MPU write operations. See Figure 1. 
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PIN FUNCTION DESCRIPTION (Continued) 


Pin 

Mnemonic Function 

RD Read control input (TTL compatible). To read data from the device, RD must be a logical zero. RSO - RS2 

are latched on the falling edge of RD during MPU read operations. 

RSO, RSI, RS2 Register select inputs (TTL compatible). RSO - RS2 specify the type of read or write operation being performed 
as illustrated in Tables I and II. 

DO - D7 Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional data 

bus. DO is the least significant bit. 

8/6 8-bit/6-bit select input (TTL compatible). This control input specifies whether the MPU is reading and writing 

8-bits (logical one) or 6-bits (logical zero) of color information each cycle. For 8-bit operation, D7 is the most 
significant data bit during color read/write cycles. For 6-bit operation, D5 is the most significant data bit 
during color read/write cycles (D6 and D7 are ignored during color write cycles and are logical zero during 
color read cycles). This control input is implemented only on the ADV478. 


TERMINOLOGY 

Blanking Level 

The level seperating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the 
picture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three 
primary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs would 
be required, one for each color. 

Composite SYNC Signal (SYNC) 

The position of the composite video signal which synchronizes 
the scanning process. 

Composite Video Signal 

The video signal with or without setup, plus the composite 
SYNC signal. 

Gray Scale 

The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 


Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 
Setup 

The difference between the reference black level and the blanking 
level. 

SYNC Level 

The peak level of the composite SYNC signal. 

Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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ADV478/ADV471 


CIRCUIT DESCRIPTION 
MPU Interface 

As illustrated in the functional block diagram, the ADV478 and 
ADV471 support a standard MPU bus interface, allowing the 
MPU direct access to the color palette RAM and overlay color 
registers. 

The RSO - RS2 select inputs specify whether the MPU is accessing 
the address register, color palette RAM, overlay registers or 
read mask register, as shown in Table I. The 8-bit address 
register is used to address the color palette RAM and overlay 
registers, eliminating the requirement for external address 
multiplexers. 

To write color data, the MPU writes to the address register 
(selecting RAM or overlay write mode) with the address of the 
color palette RAM location or overlay register to be modified. 
The MPU performs three successive write cycles (8 or 6 bits 
each of red, green and blue), using RSO - RS2 to select either 
the color palette RAM or overlay registers. During the blue 
write cycle, the three bytes of color information are concatenated 
into a 24-bit word (18-bit word for the ADV471) and written to 
the location specified by the address register. The address register 
then increments to the next location which the MPU may modify 
by simply writing another sequence of red, green and blue data. 


RS2 

RSI 

RSO 

Addressed by MPU 

0 

0 

0 

Address Register (RAM Write Mode) 

0 

1 

1 

Address Register (RAM Read Mode) 

0 

0 

1 

Color Palette RAM 

0 

1 

0 

Pixel Read Mask Register 

1 

0 

0 

Address Register (Overlay Write Mode) 

1 

1 

1 

Address Register (Overlay Read Mode) 

1 

0 

1 

Overlay Registers 

1 

1 

0 

Reserved 


Table /. Control Input Truth Table 


To read color data, the MPU loads the address register (selecting 
RAM or overlay read mode) with the address of the color palette 
RAM location or overlay register to be read. The MPU performs 
three successive read cycles (8 or 6 bits each of red, green and 
blue), using RSO - RS2 to select either the color palette RAM 
or overlay registers. Following the blue read cycle, the address 
register increments to the next location which the MPU may 
read by simply reading another sequence of red, green and blue 
data. 

When accessing the color palette RAM, the address register 
resets to 00H following a blue read or write cycle to RAM location 
FFH. When accessing the overlay color registers, the address 
register increments following a blue read or write cycle. However, 
while accessing the overlay color registers, the four most significant 
bits of the address register (ADDR4 - 7) are ignored. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM/overlay registers 
and the color registers (R, G and B in the block diagram) are 
synchronized by internal logic and occur in the period between 
MPU accesses. As only one pixel clock cycle is required to 
complete the transfer, the color palette RAM and overlay registers 
may be accessed at any time with no noticeable disturbance on 
the display screen. 

To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented following a blue read or write 
cycle (ADDRO - 7), are accessible to the MPU and are used to 
address color palette RAM locations and overlay registers, as 
shown in Table II. ADDRO is the LSB when the MPU is accessing 
the RAM or overlay registers. The MPU may read the address 
register at any time without modifying its contents or the existing 
read/ write mode. 

Figure 1 illustrates the MPU read/write timing. 



Value 

RS2 RSI RSO 

Addressed By MPU 

ADDRa, b (Counts Modulo 3) 

00 


Red Value 


01 


Green Value 


10 


Blue Value 

ADDRO - 7 (Counts Binary) 

00H - FFH 

0 0 1 

Color Palette RAM 


XXXXOOOO 

1 0 1 

Reserved 


XXXX0001 

1 0 1 

Overlay Color 1 


XXXX0010 

1 0 1 

Overlay Color 2 


XXXX1111 

1 0 1 

Overlay Color 15 


Table II. Address Register (ADDR) Operation 


DIGITAL-TO-ANALOG CONVERTERS 2-447 





ADV478 Data Bus Interface 

On the ADV478, the 8/6 control input is used to specify whether 
the MPU is reading and writing 8 bits (8/6 = logical one) or 6 
bits (8/6 = logical zero) of color information each cycle. 

For 8-bit operation, DO is the LSB and D7 is the MSB of color 
data. 

For 6-bit operation (and also when using the ADV471), color 
data is contained on the lower six bits of the data bus, with DO 
being the LSB and D5 the MSB of color data. When writing 
color data, D6 and D7 are ignored. During color read cycles, 

D6 and D7 will be a logical zero. 

ADV471 Data Bus Interface 

Color data is contained on the lower six bits of the data bus, 
with DO being the LSB and D5 the MSB of color data. When 
writing color data, D6 and D7 are ignored. During color read 
cycles, D6 and D7 will be a logical zero. 


Frame Buffer Interface 

The PO - P7 and OLO - OL3 inputs are used to address the 
color palette RAM and overlay registers, as shown in Table III. 


OLO - OL3 

PO - P7 

Addressed by Frame Buffer 

OH 

OOH 

Color Palette RAM Location OOH 

OH 

01H 

Color Palette RAM Location 01 H 

OH 

FFH 

Color Palette RAM Location FFH 

1H 

XXH 

Overlay Color 1 

2H 

• 

XXH 

Overlay Color 2 

• 

FH 

XXH 

Overlay Color 15 


Table III. Pixel and Overlay Control Truth Table (Pixel Read 
Mask Register = FFH) 



NOTES 

1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD, SETUP = V AA . 

2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 3. Composite Video Output Waveform (SETUP = Vaa) 


Description 

Iout (mA) 1 



DAC 

Input Data 

SYNC 

BLANK 

WHITE LEVEL 

26.67 

1 

1 

FFH 

DATA 

data + 9.05 

1 

1 

data 

DATA-SYNC 

data+ 1.44 

0 

1 

data 

BLACK LEVEL 

9.05 

1 

1 

OOH 

BLACK-SYNC 

1.44 

0 

1 

OOH 

BLANK LEVEL 

7.62 

1 

0 

xxH 

SYNC LEVEL 

0 

0 

0 

xxH 


NOTES 

•Typical with full-scale IOG = 26.67mA, SETUP = V AA . 

External voltage or current reference adjusted for 26.67mA full-scale output. 


Table IV. Video Output Truth Table (SETUP = Vaa) 
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The contents of the pixel read mask register, which may be 
accessed by the MPU at any time, are bit-wise logically ANDed 
with the PO - P7 inputs. Bit DO of the pixel read mask register 
corresponds to pixel input PO. The addressed location provides 
24 bits (18 bits for the ADV471) of color information to the 
three D/A converters. 

The SYNC and BLANK inputs, also latched on the rising edge 
of CLOCK to maintain synchronization with the color data, add 
appropriately weighted currents to the analog outputs, producing 


the specific output levels required for video applications, as 
illustrated in Figures 3 and 4. Tables IV and V detail how the 
SYNC and BLANK inputs modify the output levels. 

The SETUP input is used to specify whether a 0 IRE (SETUP 
= GND) or 7.5 IRE (SETUP = Vaa) blanking pedestal is to 
be used. 

The analog outputs of the ADV478 and ADV471 are capable of 
directly driving a 37. 5H load, such as a doubly terminated 75H 
coaxial cable. 



1. CONNECTED WITH A 75 il DOUBLY TERMINATED LOAD, SETUP = GND. 

2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 4. Composite Video Output Waveform \( SETUP = GND) 


Description 

Iout (mA) 1 



DAC 

Input Data 

SYNC 

BLANK 

WHITE LEVEL 

26.67 

1 

1 

FFH 

DATA 

data + 8.05 

1 

1 

data 

DATA-SYNC 

data 

0 

1 

data 

BLACK LEVEL 

8.05 

1 

1 

00H 

BLACK-SYNC 

0 

0 

1 

00H 

BLANK LEVEL 

8.05 

1 

0 

xxH 

SYNC LEVEL 

0 

0 

0 

xxH 


NOTES 

‘Typical with full-scale IOG = 26.67mA, SETUP = GND 
External voltage or current reference adjusted for 26.67mA full-scale output. 


Table V. Video Output Truth Table (SETUP = GND) 
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PC BOARD LAYOUT CONSIDERATIONS 
PC Board Considerations 

The layout should be optimized for lowest noise on the ADV478/ 
ADV471 power and ground lines by shielding the digital inputs 
and providing good decoupling. The lead length between groups 
of Vaa an d GND pins should by minimized so as to minimize 
inductive ringing. 

Ground Planes 

The ground plane should encompass all ADV478/ADV471 ground 
pins, current/voltage reference circuitry, power supply bypass 
circuitry for the ADV478/ADV471, the analog output traces and 
all the digital signal traces leading up to the ADV478/ADV471. 

Power Planes 

The ADV478/ADV471 and any associated analog circuitry should 
have its own power plane, referred to as the analog power plane. 
This power plane should be connected to the regular PCB power 
plane (V C c) at a single point through a ferrite bead, as illustrated 
in Figures 5 and 6. This bead should be located within three 
inches of the ADV478/ADV471. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 


power to all ADV478/ADV471 power pins and current/voltage 
reference circuitry. 

Plane-to-plane noise coupling can be reduced by ensuring that 
portions of the regular PCB power and ground planes do not 
overlay portions of the analog power plane, unless they can be 
arranged such that the plane-to-plane noise is common mode. 

Supply Decoupling 

For optimum performance, bypass capacitors should be installed 
using the shortest leads possible, consistent with reliable operation, 
to reduce the lead inductance. 

Best performance is obtained with a 0. 1 |xF ceramic capacitor 
decoupling each of the two groups of Vaa pins to GND. These 
capacitors should be placed as close as possible to the device. 

It is important to note that while the ADV478 and ADV471 
contain circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reducing 
power supply noise and consider using a three terminal voltage 
regulator for supplying power to the analog power plane. 



COMPONENT 

C1-C5 

C6 

LI 

R1,R2,R3 

R4 

Rset 

Z1 


DESCRIPTION 
0. 1 |xF Ceramic Capacitor 
10pF Tantalum Capacitor 
Ferrite Bead 

75ft 1% Metal Film Resistor 
Ikft 5% Resistor 
1% Metal Film Resistor 
1 .2 V Voltage Reference 


VENDOR PART NUMBER 
Erie RPE 1 1 2Z5U 1 04M50V 
Mallory CSR13G106KM 
Fair-Rite 2743001 111 
Dale CMF-55C 

Dale CMF-55C 
Analog Devices AD589KH 


Figure 5. Typical Connection Diagram and Component List 
(External Voltage Reference) 
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Digital Signal Interconnect 

The digital inputs to the ADV478/ADV471 should be isolated 
as much as possible from the analog outputs and other analog 
circuitry. Also, these input signals should not overlay the analog 
power plane. 

Due to the high clock rates involved, long clock lines to the 
ADV478/ADV471 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
connected to the regular PCB power plane (Vcc)> and not the 
analog power plane. 


Analog Signal Interconnect 

The ADV478/ADV471 should be located as close as possible to 
the output connectors to minimize noise pickup and reflections 
due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, to maximize the high frequency 
power supply rejection. 

For maximum performance, the analog outputs should each 
have a 75H load resistor connected to GND. The connection 
between the current output and GND should be as close as 
possible to the ADV478/ADV471 to minimize reflections. 



+ 5V (V cc ) 


GROUND 


COMPONENT DESCRIPTION 


VENDOR PART NUMBER 


Cl -C5 
C6 
C7 
LI 

R1, R2, R3 


0. 1 |iF Ceramic Capacitor 
lOpFTantalum Capacitor 
47pF Tantalum Capacitor 
Ferrite Bead 

75ft 1% Metal Film Resistor 


Erie RPE1 1 2Z5U 1 04M50V 
Mallory CSR13G106KM 
Mallory CSR13F476KM 
Fair-Rite 2743001 111 
DaleCMF-55C 


Figure 6. Typical Connection Diagram and Component List 
(External Current Reference) 


APPLICATION INFORMATION 
External Voltage vs. Current Reference 

The ADV478/ADV471 is designed to have excellent performance 
using either an external voltage or current reference. The voltage 
reference design (Figure 5) has the advantages of temperature 
compensation, simplicity, lower cost and provides excellent 
power supply rejection. The current reference design (Figure 6) 
requires more components to provide adequate power supply 
rejection and temperature compensation (two transistors, three 
resistors and additional capacitors). 


RS-170 Video Generation 

For generation of RS-170 compatible video, it is recommended 
that the DAC outputs be connected to a singly terminated 75flload. 
If the ADV478/ADV471 is not driving a large capacitive load, 
there will be negligible difference in video quality between 
doubly terminated 75 D and singly terminated 75f l loads. 

If driving a large capacitive load (load RC> l/(2'7rf c )), it is re- 
commended that an output buffer (such as a MCI 378 with an 
unloaded gain>2) be used to drive a doubly terminated 75 Cl 
load. 
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FEATURES 

DAC1138 

18-Bit Resolution and Accuracy (38 jzV, 1 Part in 262,144) 
Nonlinearity 1/2LSB max (DAC1138K) 

Excellent Stability 

Settling to 1/2LSB (0.0002%) in 10/zs 
Hermetically-Sealed Semiconductors 

DAC1136 

16-Bit Resolution and Accuracy (15 2fi\/, 1 Part in 65,536) 
Low Cost 

Nonlinearity 1/2LSB max (DAC1136K, L) 

Settling to 1/2LSB max (0.0008%) in 6^ts 


GENERAL DESCRIPTION 

The DAC1 136/1 138 are complete self-contained current or 
voltage output modular digital-to-analog converters with 
resolutions and accuracies of 16 and 18 bits. 

The DAC1 136/1 138 combine precision current sources 
with state-of-the-art steering switches to produce a very linear 
output. Inputs to these converters are compatible with TTL 
levels. The converters have a current output of -2mA full scale. 
A voltage output can be obtained by connecting the internal 
amplifier to the current output by means of jumpers. By using 
additional jumpers, the user can select any one of the fol- 
lowing output ranges: 0 to +5V, 0 to +10V, ±5V, or ±10V. 

WHERE TO USE HIGH RESOLUTION DACS 
The DAC1 136/1 138 deliver exceptional accuracy for a broad 
range of display, test and instrumentation applications. The 
DAC1136, with a resolution of 16 bits or 1 part in 65,536, 
and the DAC1138 with a resolution of 18 bits or 1 part in 
262,144 are ideally suited for applications requiring wide 


High Resolution 16- and 18-Bit 
Digital-to-Analog Converters 

DAC1 1 36/DAC1 1 38 

DAC1136/DAC1138 FUNCTIONAL BLOCK DIAGRAM 

ZERO 

71 ADJUST 
70 5k SENSE 
69 CURRENT OUT 
68 10k SENSE 


53 REF IN 
52 REF OUT 


49 GAIN 
48 GAIN 
47 AMP OUT 
46 BIPOLAR 
OFFSET OUT 
44 AMP IN 


*DAC1138 ONLY 


dynamic range measurement and control. Applications include 
data acquisition systems, high resolution CRT displays, auto- 
matic semiconductor testing, photo-typesetting, frequency 
synthesis and nuclear reactor control. 

CERTIFICATE OF CALIBRATION 
Each DAC1138 has been calibrated with equipment and 
methods that are traceable to the National Bureau of Stand- 
ards (NBS). A Certificate of Performance is sent with each 
unit, which includes linearity test data. 
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SPECIFICATIONS 


(typical @ + 25°C, rated power supplies unless otherwise noted) 


RESOLUTION, BITS 


ACCURACY 
Integral Nonlinearity 
Differential Nonlinearity 
Gain and Offset Error (Externally Adjustable) 


ANALOG OUTPUT 
Unipolar Mode 
Bipolar Mode 

Voltage Output Range (Pin Selectable) 


DIGITAL INPUTS 


INPUT CODES 
Unipolar Mode 
Bipolar Mode 


DYNAMIC CHARACTERISTICS 
Settling Time to 1/2LSB 
Current 
Full Scale Step 
LSB Step 
Voltage 

Unipolar (10V Step) 

Bipolar (20V Step) 

LSB Step 
Slew Rate 


TEMPERATURE COEFFICIENTS 
(ppmofFSR/°C) 

Integral Nonlinearity 
Differential Nonlinearity 
Gain (Excluding Vref) 

Offset 

Unipolar Mode 
Bipolar Mode 


STABILITY, LONG TERM 

(ppm of FSR/1 ,000 hrs.) 1 
Gain (Excluding V ref) 

Offset 


NOISE (Include Vref; Double for 
Bipolar Mode) 

Output Current (BW = 100kHz) 
Output Voltage (BW = 0.1-10Hz) 

@ 0V (All 1’sCode; “ZERO”) 

@ 5 V (MSB = 0 Code; “Half Scale”) 
@ 10V (A 1 1 0’s Code; “Full Scale”) 
Output Voltage (BW = 100kHz) 


VOLTAGE COMPLIANCE (Amplifier 
Offset, Eos) 

Max Eos Allowed for Rated Accuracy 
Initial E 0 s (Factory Ad j . ) 

Eos Drift 

Current Output (pin 69) 

Voltage Protection 
Source Resistance 
Unipolar Mode 
Bipolar Mode 
Source Capacitance 


REFERENCE VOLTAGE (Vref) 
Voltage (Zout ~ 20011) 

Noise (BW = 0.1-10Hz) 
Tempco 


POWER SUPPLY REQUIREMENTS 2 
+ 5Vdc, ±5% 

± 15V dc, ±5% 


POWER SUPPLY REJECTION ( ± 15V dc) 
Gain or Offset vs. FSR 
Differential Nonlinearity 


ENVIRONMENTAL 
Operating Temperature 
Storage Temperature 
Humidity 


£ 1 LSB max 
£ 1LSB max 


£ 1/2LSB max 
1 1/2LSB max 


- 2mA to OmA 
- 1mA to + 1mA 

Oto -l- 5V, 0 to + 10V, ±5V, ± 10V 


TTL/CMOS; See Figure 2 


Complementary Binary (COMP BIN) 
Complementary Offset Binary (COMP OBIN) 


8p.s 

6(xs 

90p,s 

250(xs 

8(xs 

lV/p.s 


±1 

±1 

±5 


±0.5 

±5 


0.5nA rms 

4p.V pk-pk 
6p,V pk-pk 
9fjiV pk-pk 
30p.V rms 


± 2mV max 
±100jjlV 
± 10^V/°C 

via Internal Schottky Diodes 

>33kfl 

>5kfl 

150pF 


+ 6.000V (Maximum Error, ± 0.024V) 
3pV pk-pk 
5ppm/°C 


9mA 
± 30mA 


£l/4LSB per Volt AV S 


0 to + 70°C 
-55°Cto+85°C 
5% to 95%, Noncondensing 


£ 1 LSB max 
£ 1 LSB max 


± 1/2LSB max 
± 1/2LSB max 


-2mA to OmA 
- 1mA to + 1mA 

0 to + 5V, 0 to + 10V, ± 5V, ± 10V 


TTL/CMOS; See Figure 2 


Complementary Binary (COMP BIN) 
Complementary Offset Binary (COMP OBIN) 


10p.s 

8|xs 

175|xs 

140p.s 

18(jts 

2V/us 


±0.3 

±0.4 

± 0.8 

±0.5 

±1 


±2 

±2 


0.5nA rms 

4|i,V pk-pk 
6p,V pk-pk 
9|xV pk-pk 
30p,V rms 


± 200p.V max 
± 100p.V 

± louvre 

via Internal Schottky Diodes 

>33kft 

>5kft 

150pF 


+ 6.000V (Maximum Error, ± 0.024V) 
3p.V pk-pk 

Sppm/°C 


9mA 
± 30mA 


80dB 

± 1/4LSB per Volt AV S 


Oto +70°C 
-55°Cto +85°C 
5% to 95%, Noncondensing 


NOTES: 

'Recommended DNL calibration check: 6 months. 
2 Recommended Power Supply: Analog Devices Model 923. 
Specifications subject to change without notice. 
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SETTLING ERROR - % of Full Scale SETTLING ERROR - % of Full Scale SETTLING ERROR - % of Full Scale 


DAC1 136/DAC1 1 38 


Characteristic Curves* 



Settling Time (Voltage Output ) vs. % of Full Scale 
Error for 20V Output Step (+10V^^-10V) 



SETTLING TIME 

Settling Time (Voltage Output) vs. % of Full Scale 
Error for 10V Output Step (0V*~^+10V) 



1ms 10ms 100ms 1ms 10ms 

SETTLING TIME 


V 2 LSB@ 12 BITS 

13 

14 

15 

16 
17 

-y 2 LSB@ 18 BITS 


Settling Time (Voltage Output vs. % of Full Scale 
Error for LSB Steps 


•NOTE: All curves typical at rated supply voltage. 
F.S. = Full Scale 


INPUT CONSIDERATIONS 

The DAC1136/1138 may be driven by TTL or CMOS as 
shown in Figure 2. Note that the TTL input is shown with 
inputs for both a direct “totem pole” TTL gate and open 
collector (or “pull-up”) configurations. 



2a. TTL Totem Pole 1 2b. Switch or Relay Input 2 



2c. CMOS Input 


1. FOR TTL WITH OPEN COLLECTOR, DO NOT USE EXTERNAL PULL-UP. 
CONVERTERS HAVE INTERNAL lOkfi PULL-UP ON EACH INPUT TO 3.8V. 

2. USE SPST SWITCH OR RELAY TO GROUND. WHEN SWITCH IS OPEN, THE 
INTERNAL 10kn WILL PULL INPUT UP TO 3.8V. 


Figure 2. Input Connections 

OUTPUT CONNECTIONS AND GUARDING 

The DAC1 136/1138 output connections for various voltage 

ranges are shown in Figure 3. 

Since an LSB is only 38 /liV (at 10 volts full scale for the 
DAC1138), care must be exercised to properly guard the 
current output of the converter from leakage current. Any 
connection made to the DAC’s current output (pin 69) 
should be guarded. Suggested printed circuit board guarding 
is shown in Figure 3 


n n 


- VOLTAGE OUTPUT 

I 1 


o A i o o 


I 53 52 49 48 47 


6 O I 

146 I 44 I 


GUARD FOIL ^ 

DAC CONNECTED FOR 0V to +5V 


| PIN 34 
I 


r 

~i 1 1 1 1 

i VOLTAGE OUTPUT 

1 1 

o A i 

71 70 | 

1 

L 

i o A A A A 

69 1 68 53 52 49 48 

A 9 1 

7 ] 46 44 ». TO 

j ! PIN 34 

GUARD FOIL ^ 


n n 


VOLTAGE OUTPUT 

I 1 


o 6 I o I o 


) I 68 53 52 49 48 47 


! ? 9 

I 1 46 


n 

i 

j 

] 

] 

r 

VOLTAGE OUTPUT 

! 

o o i 9 1 6 A A 6 A < 

71 70 | 69 | 68 53 52 49 48 4 

1 L " 

1 

>46 f 44 ^ TO 

1 PIN 1,4 

L V- 'A 

GUARD FOIL ' V 


DAC CONNECTED FOR ±10V 


Figure 3. Output Voltage Connections and Suggested PCB 
Guarding (Unipolar and Bipolar) 
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GAIN AND OFFSET ADJUSTMENTS 
The gain and offset adjustments are made with external 
potentiometers which the user supplies. With the appropriate 
digital inputs applied, these potentiometers are adjusted until 
the desired output voltage is obtained. The proper connec- 
tions for offset and gain are shown in Figure 4. The volt- 
meter used to measure the output should be capable of stable 
resolution of 1/4LSB in the region of zero and full scale. 
Because of the interaction between offset and gain adjust- 
ments, the adjustment procedure described below should be 
carefully followed. Offset adjustment affects gain, but gain 
adjustment does not affect offset. 



NOTES: 

1. ALL FIXED RESISTORS ARE 5% CARBON COMP. UNLESS OTHERWISE NOTED. 

2. ALL POTENTIOMETERS ARE 20-TURN INFINITE RESOLUTION TYPE. 


Figure 4. Gain and Offset Adjustments 

For unipolar mode, apply a digital input of all “l’s” (com- 
plementary binary code for zero output) and adjust the offset 
potentiometer until a 0.00000V output is obtained (see 
Table I). Once the appropriate offset adjustment has been 
made, apply a digital input of all “0’s”. Adjust the gain 
potentiometer until the plus full scale output is obtained 
(see Table I). 

For bipolar mode, apply a digital input of all “l’s” (comple- 
mentary offset binary code for minus full scale) and adjust the 
offset potentiometer for the proper minus full scale output 
voltage (see Table I). Once the appropriate minus full scale 
adjustment has been made, apply a digital input of all “0’s”. 
Adjust the gain potentiometer until the plus full scale output 
shown below is obtained. 


RANGE 

IDEAL OUTPUT 



DAC1138 | DAC1136 

Unipolar: 

All 11...1 

All 00.. .0 

0V-> + 10V 

o.ooooov 

+9.99996 2V +9.999 848V 

0V->+5V 

Bipolar: 

o.ooooov 

+4.999981V +4. 999924V 

-10V-++10V 

-10.00000V 

+9.999934V +9.999695V 

-5V -► +5V 

-5.00000V 

+4.99996 2V +4.999848V 

To adjust: 

Adjust ZERO pot 

Adjust GAIN pot 


Table/. Full Scale Output 


DIFFERENTIAL LINEARITY ADJUSTMENT 
Each DAC1 136/1138 has been factory calibrated and 
tested to achieve the performance indicated in the electrical 
specifications. Before attempting recalibration, it is imperative 
that the circuit be checked to confirm that all previously de- 
scribed precautions have been taken to insure proper applica- 
tion at the 16- or 18-bit level. Basically, the DAC is trimmed 
by comparing a bit to the sum of all lower bits, and adjusting, 
if necessary, for a one LSB positive difference. The top 4 
major carries, i.e., MSB minus the sum of bits 2-through-the- 
LSB, down through bit 4 minus the sum of bits 5-through-the- 
LSB, can be trimmed using the procedure outlined below. A 
differential voltmeter capable of lOO/xV Full Scale should be 
connected to Vqut °f the DAC. This will resolve an LSB 
which at 18 bits is 38/iV (10V range). A Fluke 895 A or equiv- 
alent is recommended. 


1. Bit 4 Trim 

a. Set bit inputs to 11110 .... 0. 

b. Read the output voltage by nulling the voltmeter. 

c. Set bit inputs to 11101 .... 1. 

d. Read voltage by nulling voltmeter. This reading should 
be equal to that of step lb plus 1LSB. Adjust bit 4 if 
required (see B4, Figure 6). 

2. Bit 3 Trim 

a. Set bit inputs to 1110 .... 0. 

b. Read output voltage by nulling the voltmeter. 

c. Set inputs to 1101 .... 1. 

d. Read voltage by nulling the voltmeter. This reading 
should be equal to that of step 2b plus 1LSB. Adjust 
bit 3 if required (see B3, Figure 6). 

3. Bit 2 Trim 

a. Set bit inputs to 110 .... 0. 

b. Read output voltage by nulling the voltmeter. 

c. Set bit inputs to 101 .... 1. 

d. Read voltage by nulling voltmeter. This reading should 
be equal to that of step 3b plus 1LSB. Adjust bit 2 

if required (see B2, Figure 6), 

4. Bit 1 (MSB) Trim 

a. Set bit switches to 100 .... 0. 

b. Read output voltage by nulling the voltmeter. 

c. Set bit switches to 011 .... 1. 

d. Read voltage by nulling voltmeter. This reading should 
be equal to that of step 4b plus 1LSB. Adjust bit 1 
(MSB) if required (see MSB, Figure 6). 

If insufficient range exists on any adjustment, then a separate 
adjustment for the weight of bits 5-through-the-LSB (see 
Sum B5 -*■ LSB, Figure 6) should be performed. This condition 
will probably not occur on bit 2, 3 and 4 but might occur on 
the MSB. If adjustment of the sum of bits 5-through-the-LSB is 
made, the trim procedure for all bits should be repeated. Ob- 
viously, since the procedure affects the weight of individual 
bits, it affects the overall gain of the DAC. The final step 
should be adjustment of gain (user supplied adjustment ex- 
ternal to module). 
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USING AN EXTERNAL 6V REFERENCE 
The DAC 11 36/1 138 can be operated with an external 
reference connected to pin 53 of the module. The current 
drain on the external reference will be 1.125mA in bipolar 
mode or 0.125mA in unipolar mode (pin 46 should be left 
open and not grounded when using an external reference 
in the unipolar mode). When an external reference is used, pin 
52, (the output of the internal reference) is left open. 


Codi Semiconductor manufactures a reference module called 
Certavolt 1 with a 10 volt output accurate to 0.001%. This out- 
put is temperature compensated to within lppm/°C from 
+15°C to +55°C. The Certavolt requires a power supply of 
+28V dc @ 20mA. To convert the +10 volt output of the Cert- 
avolt to the +6 volt reguired by the DAC, the circuit shown 
in Figure 5 is recommended. 

1 Certavolt is a registered trade name by Codi Semiconductor. 


VOUT 



Figure 5. DAC1 136/1 138 with External Precision Reference 


OUTLINE DIMENSIONS AND 
PIN DESIGNATIONS 

Dimensions shown in inches and (mm). 



0.500 

(12.7) 



NOT APPEAR ON UNIT. 

3. PINS 27 AND 29 ARE NOT PRESENT ON DAC1 136. 


ASSEMBLY INSTRUCTIONS 

CAUTION : This module is not an embedded assembly and is 
not hermetically sealed. Do not subject to a solvent or water-wash 
process that would allow direct contact with free liquids or 
vapors. Entrapment of contaminants may occur, causing 
performance degradation and permanent damage. Install after 
any clean/wash process and then only spot clean by hand. 
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ANALOG 

DEVICES 


12-Bit Deglitched 
Voltage Out D/A Converter 


HDD-1206 


FEATURES 

Registers, D/A, Amplifier in Single Hybrid 
Deglitched Voltage Output 
6MHz Update Rate 

APPLICATIONS 
Vector Scan Displays 
Analytical Instrumentation 
Digital VCOs 
Military Systems 


HDD-1206 FUNCTIONAL BLOCK DIAGRAM 


BIT 1 (MSB) 



GENERAL DESCRIPTION 

The Analog Devices HDD- 1206 D/A converter combines in- 
novative design techniques with remarkable hybrid construction 
to achieve deglitched voltage outputs at digital update rates as 
high as 6MHz. 

Despite its small size and low power, the HDD- 1206 provides 
the user with a complete solution to demanding applications 
which require the conversion of high-speed digital inputs into 
deglitched analog output voltages. 

The unit is housed in an industry standard 32-pin hybrid and 
contains all the necessary circuit components to provide analog 
outputs at high update rates without the need for designing 
external circuits. Input registers, current-output D/A, deglitching 
circuits, and an output amplifier are all included inside the 
HDD-1206. 

With the deglitching problem solved in a single package, the 
user of the HDD- 1206 is able to incorporate the solution into 
his system with a minimum of design effort. User involvement 
is limited to the simple task of establishing the “hold” time for 
an optimum value by selecting the correct resistor value. 

After that step is accomplished, the addition of a low-pass filter 
at the output of the D/A assures a “clean” voltage representation 
of . the 12 bits of digital information applied to the inputs at 
video update rates. 

The HDD- 1206 is available in 32-pin dual in-line ceramic 
packages. 


PIN DESIGNATIONS 
HDD-1206 
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SPECIFICATIONS 


(typical @ +25°C with nominal power supplies and IkH output load unless otherwise noted) 


Model 

| HDD-1206JW | 

| HDD-1206SM 


Parameter 

| Min 

Typ 

Max | 

| Min 

Typ 

Max 

Units 

RESOLUTION 

12 

* 

Bits 

LSB WEIGHT (FS = 10.24V) 

2.5 

* 

mV 

ACCURACY (Linearity) 



±0.0125 



* 

%FS 

Differential Nonlinearity 


±1/2 



* 


LSB 

Zero Offset 1 (Initial) 


±35 

±50 


* 

* 

mV 

Monotonicity 


Guaranteed 



★ 



TEMPERATURE COEFFICIENTS 








Linearity 


5 



* 


ppm/°C 

Gain 


60 



* 


ppm/°C 

Offset 


100 



* 


ppm/°C 

DYNAMIC CHARACTERISTICS 2 








Settling Time to '^LSB 








±5. 12V FS Change 


2 



* 


JJ.S 

1 LSB Change 


60 



★ 


ns 

Internal Current D/A 


50 



★ 


ns 

Slew Rate 


25 



* 


V/ps 

Gain 


Adjustable 



* 


V/V 

DIGITAL DATA INPUTS 








Logic Compatibility 


TTL(S) 



* 



Logic Levels 








“1” 

+ 2.4 


+ 5 

★ 


* 

V 

“0” 

0 


+ 0.4 

* 


★ 

V 

Load (each bit) 


One Standard 



* 


TTL(S) Load 

Coding (see Table on last page) 


Complementary Binary (CBN) ; 


* 




| Complementary Offset Binary (COB) j 


* 



STROBE INPUT 








Logic Compatiblity 


TTL 



* 



Logic Levels 








“1” 

+ 2.4 


+ 5 

* 


★ 

V 

“0” 

0 


+ 0.4 

* 


* 

V 

Load 


One Standard 



* 


TTL Load 

Risetime/Falltime (10% - 90%) 



15 



it 

ns 

Width 

50 


.65/word rate 

* 


* 

ns 

Frequency (see chart below) 



6 



* 

MHz 

OUTPUT (see Coding Table) 








Rfb = 1,0000 








Bipolar Voltage 3 


±2.56 



★ 


V 

Unipolar Voltage 


Oto —5.12 



* 


V 

Current 

8 



★ 



mA 

R fb — 2,0000 








Bipolar Voltage 


±5.12 



* 


V 

Current 

8 



★ 


it 

mA 

Residual Glitch 


50 

100 


★ 

it 

mV 

Output Impedance 


0.1 

1 


★ 

it 

n 

Capacitive Loading 


1,000 



* 


pF 

POWER REQUIREMENTS 








+ 15V ± 3% Current 


55 

60 


* 

* 

mA 

- 15V ± 3% Current 


30 

35 


* 

* 

mA 

+ 5V ± 5% Current 


95 

130 


* 

* 

mA 

Power Supply Rejection Ratio 

-2 


+ 2 


* 


mV/V 

Power Dissipation 


1.95 

2.25 


* 

* 

W 

TEMPERATURE RANGE 








Operating 4 

0 


+ 70 

-55 


+ 125 

°C 

Storage 

-55 


+ 125 

★ 


★ 

°C 

THERMAL RESISTANCE 5 








Junction to Air, 0ja (free air) 


32 



* 


°C/W 

Junction to Case, 0 jc 


13 



* 


°C/W 

MTBF 6 








Mean Time Between Failures 




1 3.015 x 10 s 


Hours 

PACKAGE OPTIONS 7 








Ceramic (DH-32A) 


HDD-1206JW 






Metal (DH-32C) 





HDD-1206SM 




NOTES 

'Adjustable to zero. 

2 A11 dynamic characteristics are based on FS = ±5.12V;R FB = 2,000ft. 

3 With R F b = lk, analog output voltages are half those shown in Table on last page. 
4 Case Temperature. 

^Maximum junction temperature is 1 S0°C . 

6 Calculated per MIL-HDBK2\7, Ground; Fixed; Case Temperature = 60°C. 
7 See Section 14 for package outline information. 

‘Specifications same as HDD-1206 JW. 

Specifications subject to change without notice. 
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THEORY OF OPERATION 

The equivalent circuit for the for the HDD- 1206 D/A converter 
is shown in functional block diagram. 

The unit consists of input registers, fast-settling current output 
D/A, output amplifier, timing generator, and associated circuits. 

The purpose of the input register circuits is to de-skew the 
input bits and assure their simultaneous arrival at the input of 
the current D/A. This is critical because time skew on the input 
data bits is a major contributor to discontinuities, or “glitches,” 
in the analog output of a D/A. 

The Timing Generator includes a Track & Hold circuit and 
generates the required internal pulses for operation whenever it 
receives a Strobe input pulse. See Figure 1, the HDD- 1206 
timing diagram. 


MIN 50ns I 

" MAX 0.65/ 

WORD RATE *" 

HOLD 

MAX _ I ^jviin 3Qns 
*55nT I MAX 100ns* 
I 
I 


Figure 1. HDD - 1206 Timing Diagram (Digital Inputs not 
Changing ) 

As shown, the Strobe pulse is a positive-going TTL pulse supplied 
by the user of the HDD-1206. Internal timing circuits establish 
the maximum 55ns delay from the leading edge of the Strobe 
pulse to the leading edge of the T/H (Track/Hold) pulse; and 
the maximum 10ns delay from the leading edge of the T/H 
pulse to the leading edge of the Register pulse. The data from 
the input registers are strobed into the current D/A at the end 
of this 65ns interval, so they must be valid by that time. 

The user determines the width of the T/H pulse (and the Register 
pulse) by selecting the value of the Rhold resistor. See Figures 
1 and 2. As shown, the width of the Hold pulse can vary from 
approximately 30ns to approximately 100ns by using resistor 
values from lk to 5k, respectively. 



VALUE OF 3.6k FOR 
Rhold WILL MAKE HOLD 
.PULSE APPROXIMATELY 
85ns WIDE; THIS IS 
OPTIMUM FOR MOST 
APPLICATIONS. 


Ik 2k 3k 4k 5k 


Figure 2. Hold Time vs. Rhold 
For most applications, a value of 3.6kfl and a pulse width of 
approximately 85ns is the optimum choice. This pulse width 
will “hold” the analog output of the HDD-1206 D/A until the 
“glitch” resulting from the most recent update has passed, 
without infringing on the word rate capabilities of the 
HDD-1206. 


Theory of Operation - HDD-1206 

CURRENT-OUTPUT D/A CONVERTERS 

A brief review of the salient characteristics of current D/A con- 
verters may be a useful approach to understanding the operation 
of the HDD-1206 unit. 

Current-switching D/A converters are inherently faster than 
voltage-output types because of the absence of an output amplifier. 
This means current-switching converters have no slew rate limi- 
tation which can slow settling; nor are they subject to the overshoot 
and ringing problems often associated with feedback amplifiers. 

Both current-switching and voltage-output converters display a 
discontinuity, or “glitch,” in their analog outputs because of the 
basic characteristic of saturated logic (TTL is an example) which 
causes the propagation delay to be less for negative-going inputs 
than it is for positive-going inputs. 

This difference in propagation delay manifests itself as a “worst 
case glitch” at the major carry point, or mid-scale, of the output 
range of the current converter. This is the point at which nearly 
equal and opposite currents are being switched within the 
converter. 

The “glitch” at mid-scale, the switching point of the Most 
Significant Bit (MSB), will be halved at the l A and 3 A points; 
halved again at the Vs and Vs points, etc. The amplitude of the 
“glitch,” therefore, is a function of signal dynamics and cannot 
be eliminated with filtering. 

The variations in glitch amplitude caused by signal dynamics 
create a multitude of intermodulation (IM) products, some of 
which fall into the video pass-band as spurious signals, and 
increased noise level. These IM products are also relatively 
immune to elimination by filtering. 

The amplitude of the glitch can be reduced by de-skewing the 
input bits; but no amount of de-skewing or filtering can negate 
the physics of saturated logic which cause the glitch to be generated 
initially. 

The best solution, then, is to cause the glitch to remain a constant 
across the entire output range of the converter. The efficiencies 
of the circuit will be enhanced if the solution can also permit 
using the full drive capabilities of the current-output D/A in 
either unipolar or bipolar modes of operation. 

The design approach used in the Analog Devices HDD- 1206 
D/A converter accomplishes these desired goals and provides 
voltage outputs at high update rates. 

NOTES ON DEGLITCHING 

Refer again to the equivalent circuit for the HDD- 1206. The 
data bits are applied through the input register to the current-out- 
put D/A converter, which is capable of supplying up to 5.12mA 
of output current. 

The output of the current D/A, in turn, is applied to the input 
of the output amplifier via strapping external to the HDD- 1206. 
The Timing Generator supplies the necessary pulses and timing 
to apply signals to the current D/A and output amplifier after 
the initial glitch caused by the digital inputs has subsided. 

The digital “1” (Hold) level of the T/H pulse causes the switch 
at the input of the amplifier to open, holding the last value of 
the current D/A converter. During this hold interval, the switching 
transients caused by updating digital inputs are masked from 
the amplifier, thereby avoiding HDD- 1206 output discontinuities 
whose amplitude would be a function of signal dynamics. 

Ten nanoseconds after the T/H pulse goes to the digital “1” 
level, the register pulse also changes state from “0” to “1”. 
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This transition moves the output of the current D/A to the new 
value established by the most recent digital inputs applied to the 
HDD-1206. 

Any change in the current D/A output has stablized by the time 
the T/H pulse returns to the digital “0” (Track) level. Re-estab- 
lishing the track mode closes the switch at the input of the 
amplifier and the output of the HDD- 1206 moves to the new 
analog value dictated by the digital input word. 

As shown in Figure 1, the output of the HDD- 1206 will contain 
switching transients associated with the T/H pulse. But these 
“glitches” will be constant in amplitude and duration and will 
occur at the update rate, since they are a function of the strobe 
pulse applied by the user. 

These switching transients will settle out in approximately 500ns, 
and will have uniform amplitude over the complete analog output 
range of the D/A. For strobe rates of 2MHz and above, the 
settling interval switching from “hold” to “track”, and vice 
versa, will produce a constant dc offset on the output. The 
HDD-1206 is not intended to get rid of all glitches per se; it is 
designed to provide a constant-amplitude glitch. 

When the area under the transient curve is held constant, the 
frequency spectrum of the glitch is a fine line, i.e., a single-line 
spectrum at the sample rate frequencies, and harmonics of the 
sample frequency. 

The HDD-1206 effectively eliminates the IM products discussed 
above. When it does, the signal-to-noise (S/N) ratio approaches 
that of an ideally-quantized signal, where the rms noise is 
q/Vl2, when frequencies above Nyquist are filtered out. 

GLITCH VS. PEDESTAL 

In addition to the “glitch” which is a characteristic of current 
D/As, the track & hold used in the HDD- 1206 also contributes 
an anomaly to the output signal. 

Refer to Figure 3. This diagram compares the “glitch” created 
by the HDD- 1206 to the pedestal created by the internal T/H 
circuits. 


| PEDE 

T* 

STAL 


| GLITCH 

- 



“T 


TRACK-TO-HOLD HOLD-TO-TRACK 

SWITCHING TRANSIENT SWITCHING TRANSIENT 


Figure 3. Pedestal/Glitch Relationship 
As shown, the “glitch” is a transient signal which remains constant 
in width and amplitude over the entire output range, at all 
update rates. The pedestal, on the other hand, is an offset signal 
whose amplitude can vary (because of switching transient settling) 
as a function of hold time and word rate. 

This pedestal is caused by charge transfer associated with the 
hold capacitor; the transfer occurs when the HDD- 1206 circuits 
are switched from a “track” to “hold” condition. The pedestal 
is basically an offset error in the HDD- 1206 output and can be 
compensated with the Offset Adjust when the unit is installed in 
the user’s system. 

Figure 3 is not drawn to scale; there is no attempt to imply the 
identified elements have precisely that relationship to one another. 
They are exaggerated for illustrative purposes. 

Applications 

Bipolar connections for the HDD- 1206 D/A converter are shown 
in Figure 4. As indicated, a unipolar negative output is accom- 
plished by connecting Bipolar Pin 29 to ground, instead of to 
Pins 27 and 28. 



Figure 4. HDD- 1206 Bipolar Connections 

The output voltage swing is established by the value of feedback 
resistor R FB . The table below indicates output levels for both 
unipolar and bipolar operation, with feedback resistors of either 
1 ,00011 or 2,000fl. 

Hold resistor Rrold connected between the + 5V supply and 
Pin 31 sets the width of the Hold mode of the T/H pulse. Test 
Point Pin 2 is used for observing the pulse. 

The Offset Adjust potentiometer is used to set the desired analog 
output of the HDD- 1206 and can be used to help assure correct 
voltages are present when the D/A is installed in the system. 

When operated in a unipolar mode with digital “0” applied to 
all inputs but no continuous strobe pulses applied, the Offset 
Adjust is set for an analog output of -5.12V or less 1LSB, with 
lk for the value of R FB . (NOTE: At least one strobe pulse 
needs to be applied to latch the input data into the registers.) 

If the HDD- 1206 is installed in a system and the strobe pulse is 
applied continuously, the Offset Adjust is calibrated for the 
desired output value with a digital “0” applied to all input pins. 


HDD-1206 ANALOG OUTPUT WITH IkO LOAD 


Digital 

Complementary 
Offset Binary (COB) 
Bipolar Output 

Complementary Binary (CBN) 
Unipolar Negative Output 

Inputs 

R fb = 2k 

Rfb = lk 

111. 

.111 

+ 5.12( + FS) 

0.0000(0) 

111. 

.110 

+ 5.1175 

- 0.00125 ( + 1LSB) 

110. 

.000 

+ 2.5625 (+ 1/2FS) 

- 1.27875 

101. 

.111 

+ 2.56 

- 1.28(1/4) 

100. 

.000 

+ 0.0025 (+1LSB) 

- 2.55875 

Oil. 

.111 

0.0000 

- 2.56(1/2) 

010. 

.000 

— 2.5575 ( — 1/2FS) 

- 3.83875 

001. 

.111 

-2.56 

- 3.84(3/4) 

000. 

.001 

-5.1150 

-5.1175 

000. 

.000 

-5.1175(-FS - 1LSB) 

— 5.1 1875 (FS - 1LSB) 

ORDERING 

INFORMATION 



Model HDD-1206JW D/A converter is housed in a ceramic 
package, the model HDD-1206SM is a hermetically sealed version; 
outline dimensions are shown elsewhere. 

Mating individual pin sockets are available from AMP. Part 
number 6-330808-0 are knockout end type; 6-330808-3 are open 
end type. 
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ANALOG 

DEVICES 


Hybrid Video 
Digital-to-Analog Converters 


HDG Series 


FEATURES 

Update Rates to 150MHz 
Low Glitch Energy 
Complete Composite Inputs 
Single -5.2V Power Supply 
Military Temperature Range Available 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Analytical Instrumentation 
TV Video Reconstruction 


GENERAL DESCRIPTION 

The HDG- Series D/A Converters have become the standard of 
comparison for fast-settling D/As with complete composite 
inputs. The HDG-0805 is an eight-bit (256 Gray levels) device. 

All versions have complete composite controls, including self-con- 
tained, digitally-controlled sync and blanking; and a reference 
white control input to help assure compatibility with El A Standards 
RS-170, RS-330, and RS-343-A. Their performance is enhanced 
even more with a 10% bright input capability. 

Output inpedance is 75 ohms and their full-scale output current 
is capable of developing standard video levels across video loads. 
In addition to all of these characteristics which make them easy 
to incorporate into circuits, the need for a single —5.2V power 
supply also adds to their attractiveness. 



The model number without a suffix designates the “original” 
HDG Series D/A Converter and is housed in 24-pin metal packages. 
The model numbers with suffixes make use internally of the 
Analog Devices Model AD9700 to obtain better performance; 
these devices are housed in ceramic DIP packages. 

The “BD” and “BW” versions in the newer (suffixed) units are 
close equivalents to the original design, but a number of advantages 
accrue by using the newer units. Note particularly the parameters 
for linearity tempco; strobe input loading; Composite Sync and 
Composite Blanking outputs; Power Supply Rejection Ratio 
(PSRR); supply current; and power dissipation. Conversely, the 
original design is slightly better in terms of voltage settling 
time, glitch energy, and output compliance. 



Typical Raster Scan Display System 
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(typical @ + 25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

HDG-0805 

HDG-0805BD/ 

BW/SD 

RESOLUTION 

Bits 

8 

8 

LEAST SIGNIFICANT BIT (LSB) 




WEIGHT 




Voltage (adjustable) 

mV 

2.5 

* 

Current (adjustable) 

|xA 

67 

* 


ACCURACY 

(GS = Gray Scale; FS = Full-Scale) 


Linearity 

Differential Linearity 

Zero Offset (Initial) 

Voltage 

Monotonicity 

± % GS 
±%GS, max 

mV, max 

0.2 

0.2 

0.9 

Guaranteed 

★ 

★ 

* 

★ 

TEMPERATURE COEFFICIENTS 

Linearity 

ppm/°C(max) 

20(35) 

15(30) 

Gain 

ppm/°C (max) 

50(125) 

★ 

Zero Offset 

ppm/°C (max) 

10(15) 

* 

DYNAMIC CHARACTERISTICS - 
GRAY SCALE OUTPUT 1 

Settling Time 

%GS; 

0.4 

* 

(OV to FS GS change) 

Voltage 

ns (max) 

8(10) 

9(H) 

Update Rate 2 

MHz (min) 

150(125) 

* 

Slew Rate 

V/fJLS 

200 

* 

Rise Time 

ns 

2 

* 

Glitch Energy 3 

pV-s 

50 

80 

DIGITAL DATA INPUTS 

Logic Compatibility 


ECL 

* 

Coding 


Complementary Binary 
(CBN) 

* 

Logic Levels 

“1” 

V (min/max) 

-0.9(— 1.1/-0.6) 

* 

“0” 

V (min/max) 

- 1 .7 ( — 2.0/ — 1.5) 

* 

Loading (each bit) 


5pF and 50kDto -5.2V 

★ 

STROBE INPUT 

Logic Compatibility 


ECL 

★ 

Logic Levels 

“1” 

V (min/max) 

-0.9( - 1.1/ — 0.6) 

★ 

“0” 

V (min/max) 

- 1 .7 ( — 2.0/ — 1.5) 

* 

Loading 


50pF and 5kG to -5.2V 

5pF and 50kU 
to -5.2V 

Setup Time (Data) 

ns, min 

2.5 

★ 

Hold Time (Data) 

ns, min 

1.5 

* 

Propagation Delay 

ns (max) 

3(4) 

* 

10% BRIGHT, REFERENCE WHITE, 

COMPOSITE SYNC, AND 

COMPOSITE BLANKING INPUTS 

Logic Compatibility 


ECL 

* 

Logic Levels 

“1” 

V (min/max), 

-0.9(- 1.1/ -0.6) 

★ 

“0” 

V (min/max) 

- 1 .7 ( — 2.0/ — 1.5) 

* 

Loading 


5pF and 50kU to -5.2V 

* 

SPEED PERFORMANCE - 
CONTROL INPUTS 

Settling Time to 10% of Final Value for: 

10% Bright 

ns (max) 

8(10)” 

★ 

Reference White 

ns (max) 

8(10) 

★ 

Composite Sync 

ns (max) 

8(10) 

★ 

Composite Blanking 

ns (max) 

8(10) 

★ 

SETUP CONTROL 

Ground 

mV (IRE Units) 

0(0) 

it 

Open 

mV (IRE Units) 

71(10) 

* 

-5.2V 

mV (IRE Units) 

142(20) 

it 

ANALOG OUTPUT 

GS Current 

mA(± 1%) 

Oto -17 

* 

GS Voltage 4 

mV 

Oto -637.5 

it 

Compliance 

V 

- 1.1 to + 1.1 

-1.2 to +0.1 

Internal Impedance 

fl(min/max) 

75(71/79) 

* 
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HDG Series 


Parameter 

Units 

HDG-0805 

HDG-0805BD/ 

BW/SD 

OUTPUT - REFERENCE WHITE 5 
Current 

Logic “1” 

mA ( ± 4%) 

Normal 

* 

Logic “0” 

mA ( ± 4%) 

Operation 

Oor -1.9 

* 

Voltage 

Logic “1” 

mV (±4%) 

Normal 

★ 

Logic “0” 

mV (±4%) 

Operation 

Oor -71 


OUTPUT - 10% BRIGHT 6 

Current 

Logic “1” 

mA ( ± 5%) 

-1.9 


Logic “0” 

mA ( ± 5%) 

0 

★ 

Voltage 

Logic “1” 

mV (±5%) 

-71 

★ 

Logic “0” 

mV (±5%) 

0 

it 

OUTPUT - COMPOSITE SYNC 6 ’ 7 
Current 

Logic “1” 

mA ( ± 4%) 

0 

* 

Logic “0” 

mA ( ± 4%) 

-7.6 

* 

Voltage 

Logic “1” 

mV (±4%) 

0 

★ 

Logic “0” 

mV (±4%) 

-285 

* 

OUTPUT -COMPOSITE BLANKING 6 ’ 
(Assumes Setup is Open, Which is 
Equivalent to 10 IRE Units) 

Current 

Logic “1” 

7 

mA ( ± 4%) 

0 

★ 

Logic “0” 

mA ( ± 4%) 

-1.9 

★ 

Voltage 

Logic “1” 

mV (±4%) 

0 

★ 

Logic “0” 

mV (±4%) 

-71 

it 

POWER REQUIREMENTS 
-5.2V ± 0.25V 8 

mA (max) 

320(360) 

125(140) 

Power Supply 

Rejection Ratio 

%/% 

1/1 

0.005/1 

Power Dissipation 

mW (max) 

1665(1875) 

650(730) 

TEMPERATURE RANGE 

Operating (Case) 9 

°C 

-25 to +85 

*(BDand BW) 

Operating (“SD” Case) 

°C 


-55 to +125 

Storage 

°c 

-55 to + 150 

* 

THERMAL RESISTANCE 10 

Junction to Air, 6j A 

°C/W, max 

45 

★ 

(free air) 

Junction to Case, 0j A 

°C/W, max 

12 

★ 

MTBF 11 

Mean Time Between Failures 

Hours 


3.23 x10 s 

PACKAGE OPTIONS 12 

M-24A 

DH-24B 


HDG-0805 

HDG-0805BD 

HDG-0805BW 

HDG-0805SD 


For applications assistance, phone Computer Labs Division at (919) 668-95 1 1 


NOTES 

'Settling to GS percentage includes FS and MSB transitions. Inherent 3ns register delay (50%) points) is not included. 

2 Minimum update rates limited by full-scale settling time for useable number of bits. 

Units can be updated to 150MHz with settling degradation. 

3 Glitch can be reduced with glitch adjustment. 

4 LSB value used for calibration causes Gray Scale output to be 637. 5mV rather than 643mV shown in idealized composite waveform; 
both values are well within the output and EIA Standard RS-170 tolerances. 

5 Effect on an alog output of lo gic “ 0” at Reference Whit e input depends on 10% Bright signal input (See Table I). 

6 10% Bright, Com p osite Sync, and Comp osite Blanking outputs shown add t o Gray scale anal og output at Pin 18 (See Table I). 

Composite Sync or Composite Blanking control signals reset input registers. Composite Sync or Composite Blanking should not be operated simultaneously with Reference White. 
8 Power supply must have less than 5 mV p-p ripple. 

’Operating temperature -55°C to + 125°C on “SD” units. 

10 Maximum junction temperature = 150°C. 

"Calculated for HDG-0805SDB using MIL HNBK-217; Ground Fixed; +25°C Ambient. 

"See Section 14 for package outline information. 

* Specification same as HDG-0405. 

^Specifications same as HDG-0405BD/BW/SD. 

Specifications subject to change without notice. 
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PIN DESIGNATIONS 


Pin 

Function 

Pin 

Function 

12 

GROUND 

13 

GLITCH ADJUST 

11 

BIT8(LSB) 

14 

GROUND 

10 

BIT 7 

15 

GROUND 

9 

BIT 6 

16 

GROUND 

8 

BIT 5 

17 

GROUND 

7 

STROBE 

18 

ANALOG OUTPUT 

6 

BIT 4 

19 

COMPOSITE SYNC 

5 

BIT 3 

20 

SETUP 

4 

BIT 2 

21 

10% BRIGHT 

3 

BIT 1 (MSB) 

22 

COMPOSITE BLANKING 

2 

-5.2V 

23 

REFERENCE WHITE 

1 

GROUND 

24 

-5.2V 


NOTE: Connect Pins 1, 12, and 14-17 together and 
to low-impedance ground plane as close to 
case as possible. 


USING HDG-SERIES UNIT FOR RASTER SCAN 

Refer to the block diagram of the HDG- Series D/A Converter 
and the idealized composite output waveform. 

The digital input bits represent the Gray Scale values (the discrete 
levels between Reference Black and Reference White) in a com- 
posite video signal. There are 256 (2 8 ) of these levels. 

The input bits are applied to Pins 3-6 or Pins 8-1 1 of the 
HDG-0805. 

The output analog signal (at Pin 18) will be a function of these 
digital inputs. The output will also be affected by the ECL 


levels at the control inputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals can be illustrated in a 
truth table format if arbitrary values are assigned for Gray scale 
inputs, and various combinations of control inputs are selected. 

Refer to Table I. 


DIGITAL INPUTS VS. ANALOG OUTPUT 


BIT 

1 

BIT 

2 

BIT 

3 

BIT 

4 

BIT 

5 

BIT 

6 

BIT 

7 

BIT 

8 

10% 

BRIGHT 

REF. 

WHITE 

BLANK- 

ING 

COMP. 

SYNC 

ANALOG OUTPUT IN mV 1 
(HDG-0805BD/BW/SD) 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-71 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-320 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-637.5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

-708.5 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

1 

1 

0 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

-71 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-637.5 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

— 708.5mV 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-779. 5mV 4 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-922. 5mV 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

— 993. 5mV 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

- 1064.5mV 4 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

— 993. 5mV 2 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

-1064. 5m V 3 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

— 1135. 5mV 4 


NOTES 

‘Values are for Gray Scale output of 8-bit D/A’s. 

2 Setup (Pin 20) grounded. (0 IRE units) 

3 Setup (Pin 20) open. (10 IRE units) 

4 Setup (Pin 20) to - 5 .2V (20 IRE units) 

Actual analog output value of -637. 5mV is different from ideal value of -643mV because ofLSB value used in calibration. 


Table I. Digital Inputs vs. Analog Output 
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ANALOG 

DEVICES 


Hybrid Video 
Digital-to-Analog Converter 


HDG-0807 


FEATURES 

Update Rates to 50MHz 
Low Glitch 

Complete Composite Inputs 
Single + 5V Power Supply 
TTL-Compatible Inputs 
Directly Drives 75D to Ground 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Analytical Instrumentation 
TV Video Reconstruction 


HDG-0807 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The HDG-0807 D/A Converters are extensions of the technology 
and capabilities of the HDG-Series high-speed raster scan D/A 
converters. They offer the user increased flexibility because of 
their ability to operate on a single + 5V power supply, and their 
compatibility with TTL signals. 

The HDG-0807 is an eight-bit (256 levels) device. 

Both versions have complete composite controls, including self- 
contained, digitally-controlled sync and blanking; and a reference 
white control input to help assure compatibility with EIA Standards 
RS-170, RS-330, and RS-343-A. Performance is enhanced even 
more with a 10% bright input capability. 


Output impedance is 750 and the full-scale output current is 
capable of developing standard video levels across video loads. 
An output current mirror shifts the output to ground reference 
while attenuating power supply noise by means of common-mode 
rejection. 

Model numbers with “BW” suffixes are housed in 24-pin non- 
hermetic ceramic dual-in-line packages. Versions with “BD” 
suffixes are housed in hermetically-sealed ceramic DIP 
packages. 



HDG-0807 Composite Waveform 
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(typical @ + 25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

HDG- 0807BD/B W 

RESOLUTION 

Bits 

8 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Voltage (adjustable) 

mV 

2.5 

Current (adjustable) 

M-A 

67 

ACCURACY 

(GS = Gray Scale; FS = Full-Scale) 

Linearity 

± % GS 

0.2 

Differential Linearity 

±%GS,max 

0.2 

Zero Offset (Initial) 

Voltage 

mV, max 

50 

Monotonicity 


Guaranteed 

TEMPERATURE COEFFICIENTS 

Linearity 

ppm/°C (max) 

15(30) 

Gain 

ppm/°C (max) 

350(1,000) 

Zero Offset 

mV/°C(max) 

1.0 (2.0) 


DYNAMIC CHARACTERISTICS - 
GS OUTPUT 1 


Settling Time 

%GS; 

0.4 

1LSB Midscale Voltage Change 

ns (max) 

14(16) 

0V to FS GS Voltage Change 

ns (max) 

15(18) 

Slew Rate 

V/|AS 

250 

Rise Time 

ns 

2.2 

Glitch Impulse 2 

pV-s 

50 

DIGITAL DATA INPUTS 



Logic Compatibility 


TTL 

Coding 


Binary 

(BIN) 

Logic Levels 3 
“1” 

V (min/max) 

( + 3.8/ + 5.0) 

“0” 

V (min/max) 

(0/+3.0) 

Loading (each bit) 


5pF and 2kO 
to +5V 

Data Update Rate 

MHz (Guaranteed) 50(45) 

STROBE INPUT 



Logic Compatibility 

Logic Levels 


TTL 

“1” 

V (min/max) 

( + 2.5/ + 5.0) 

“0” 

V (min/max) 

(0/+1.5) 

Loading 


lpF and2.2kfl 
to +4.4V 

Setup Time (Data) 

ns, min 

3 

Hold Time (Data) 

ns, min 

3 

Propagation Delay 

ns (max) 

8 

10% BRIGHT, REFERENCE WHITE, 
COMPOSITE SYNC, AND 

COMPOSITE BLANKING INPUTS 



Logic Compatibility 

Logic Levels 


TTL 

“1” 

V (min/max) 

( + 3.8/ + 5) 

“0” 

V (min/max) 

(0/ + 3.5) 

Loading 


5pF and 2kfl 
to +5V 


SPEED PERFORMANCE - 
CONTROL INPUTS 
Se ttling Time to 10% ofFinal Value for: 


10% Bright 

ns (max) 

L5 

Reference White 

ns (max) 

15 

Composite Sync 

ns (max) 

15 

Composite Blanking 

ns (max) 

15 

SETUP CONTROL 



+ 5V 

mV (IRE Units) 

0(0) 

Open 

mV (IRE Units) 

53.25(7.5) 

ANALOG OUTPUT 



GS Voltage p-p 4 

mV (±4%) 

637.5 

Compliance 

V 

- 3 to + 3 

Internal Impedance 

fl(min/max) 

75(71/79) 
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HDG-0807 


Parameter 

Units 

HDG- 0807BD/B W 

OUTPUT - REFERENCE WHITE 5 
(Assumes Setup is Open, Which is 
Equivalent to 7.5 IRE Units) 

Voltage 

Logic “1” 

mV (±4%) 

Normal 

Logic “0” 

10% Bright (w “0” 

mV 

Operation 

1046.75 

10% Bright (fv “1” 

mV 

975.75 

OUTPUT - 10% BRIGHT 6 

Voltage 

Logic “1” 

mV (±4%) 

0 

Logic “0” 

mV (±4%) 

71 

OUTPUT -COMPOSITE SYNC 6 ’ 2 

Voltage 

Logic “1” 

mV (±4%) 

0 

Logic “0” 

mV (±4%) 

285 

OUTPUT -COMPOSITE BLANKING 6 ’ 7 
(Assumes Setup is Open) 

Voltage 

Logic “1” 

mV (±4%) 

0 

Logic “0” 

mV (±4%) 

53.25 

POWER REQUIREMENTS 
+ 5V to ± 0.25V 

m A (max) 

185(225) 

Power Supply 

Rejection Ratio 

%/V 

0.025/0.25 

Power Dissipation 

mW (max) 

925(1125) 

TEMPERATURE RANGE 

Operating (Case) 

°C 

-25 to +85 

Storage 

°C 

-55 to + 150 

THERMAL RESISTANCE 8 

Junction to Air, 0j A 

°C/W, max 

45 

(Free Air) 

Junction to Case, 0jc 

°C/W,max 

12 

PACKAGE OPTION 9 

DH-24B 


HDG-0807BD 

HDG-0807BW 


For applications assistance, phone Computer Labs Division at (919) 668-9$ 1 1 

NOTES 

'Settling to GS percentage includes FS and MSB transitions. Inherent 3ns register delay (50%) points) is not included. 

2 Glitch can be reduced with glitch adjustment. 

internal 2k pull-up resistors help assure compatibility with logic levels of multiple TTL families. 

4 LSB value used for calibration causes Gray Scale output to be 637. 5mV rather than 643mV shown in idealized composite waveform; 

both values are well within the output and EIA Standard RS-170 tolerances. 

s Effect on analog output of lo gic “ 0” at Reference Whit e input depends on 10% Bright signal input. 

6 10% Bright, Com p osite Sync, and Comp osite Blanking outputs shown add t o Gray scale anal og output at Pin 18 and are measured with respect to sync level (V s ) shown in wavefo rm. 
Composite Sync or Composite Blanking control signals reset input registers. Composite Sync or Composite Blanking should not be operated simultaneously with Reference White, 
which sets input registers. 

8 Maximum junction temperature = 150°C. 

9 See Section 14 for package outline information. 

Specifications subject to change without notice. 

PIN DESIGNATIONS 
(As Viewed from Bottom) 


Pin 

Function 

Pin 

Function 

24 

ANALOG GROUND 

1 

+ 5V 

23 

REFERENCE WHITE 

2 

DIGITAL GROUND 

22 

COMPOSITE BLANKING 

3 

BIT 1 (MSB) 

21 

10% BRIGHT 

4 

BIT 2 

20 

SETUP 

5 

BIT 3 

19 

COMPOSITE SYNC 

6 

BIT 4 

18 

ANALOG OUTPUT 

7 

STROBE 

17 

+ 5V 

8 

BIT 5 

16 

+ 5V 

9 

BIT 6 

15 

+ 5V 

10 

BIT 7 

14 

+ 5V 

11 

BIT8(LSB) 

13 

GLITCH ADJUST 

12 

+ 5V 


NOTES: Connect Pins 2 and 24 together and to low-impedance 
ground plane as close to case as possible. 

+ 5V must be applied to all designated pins. 
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THEORY OF OPERATION 

Refer to the block diagram of the HDG-0807 D/A Converter 
and the HDG-0807 composite output waveform. 

The digital input bits represent the Gray Scale values (the discrete 
levels between Reference Black and Reference White) in a com- 
posite video signal. For HDG-0807 units, there are 256 (2 8 ) 
levels. 

Input bits are applied to Pins 3-6 and Pins 8-11 for the HDG- 
0807. 

The output analog signal (at Pin 18) will be a function of these 
digital inputs. The output wil l also be aff ected by the TTL 
levels at the con trol inputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals can be illustrated in a 
truth table format if arbitrary values are assigned for Gray scale 
inputs, and various combinations of control inputs are selected. 

Refer to Table I. 

Analog Devices uses 2.5mV for weighting the LSB during cali- 
bration of the converter, which causes the full-scale 637. 5mV 
output of the HDG-0807 to be different from the ideal 643mV 
output shown in the composite waveform in the RS-170 
standard. 

This disparity does not cause any problems in using the device, 
since both the ideal value and the actual value are well within 
the tolerances of the output and the RS-170 standard. 

Referring again to the block diagram, the Strobe input applied 
to the HDG D/A clocks the input registers when the strobe 
signal makes the transition from a logic “0” to a logic “1”. The 
purpose of the registers is to remove time skew from the digital 
input bits and minimize perturbations or “glitches” in the analog 
output signal. 

A logic “ 0” applied to either the Composite Sync or Composite 
Blanking input resets the input registers to 00 000 000. A logic 
“0” signal applied to the Reference White input sets the input 
registers, thereby overriding the video input word. When this 
occurs, the analog output of the converter goes to 1046. 75mV or 
to 975.75mV, depending upon whether or not the 10% Bright 
signal is also operated. 

When Composite Blanking is operated, the analog output will 
go to a Reference Black value of 338.25mV less some amount, 
as determined by the voltage at Setup. The 5 3. 2 5m V example 
used in the Specifications section of the data sheet is based on 
the Setup input floating, which is equivalent to 7.5 IRE units. 
(For this example, the analog output would be 285mV.) 


APPLICATIONS 

The HDG-0807 is specifically designed for operation in raster 
scan graphics applications, in which digital input data are being 
changed at a relatively high rate. 

The D/A output is generally ac-coupled to the monitor, which 
eliminates the changing dc offset associated with the thermal 
drift of the level shift circuits. This offset drift, which is a function 
of output level, is held to a maximum of 50mV and will not 
affect dynamic video levels. 

For optimum performance, ground pins 2 and 24 should be 
connected together and to a large ground plane near the unit. 

As indicated in the footnotes on the pin designations table, 

4- 5V must be applied to all pins which are called out to 
receive it. 

The performance of the HDG devices can be enhanced with 
external bypass capacitors which will supplement the internal 
components. Low-frequency bypassing should be provided with 
1|jlF (or larger) tantalum capacitors between the +5V supply 
pins and ground. High-frequency bypassing can be provided 
with ceramic capacitors of 0.1 |xF or larger. All bypass capacitors 
should be tied as closely as possible to the hybrid power supply 
pins. 

A 2000 potentiometer between + 5V and ground with the center 
arm connected to Pin 13 changes the threshold of the internal 
current switches; this can reduce the amount of glitch from the 
typical 50pV-s to a lesser value when required. 

For best performance, standard 24-pin hybrid sockets should be 
avoided. Individual pin sockets are preferable for evaluating 
devices and are available from Analog Devices; in final designs, 
the D/A should be soldered directly into the printed circuit 
board without sockets. 

If it is necessary to route digital signals and/or strobe signals for 
distances greater than one inch (2.54cm), microstrip techniques 
should be used. Otherwise, the performance of the D/A converter 
may be affected adversely. 

ORDERING INFORMATION 

There are two versions of the 8-bit converter; both units operate 
over a temperature range of - 25°C to + 85°C. The model numbers 
are HDG-0807BD or HDG-0807BW. In these model numbers, 
the “D” in the suffix indicates a ceramic, hermetically-sealed 
DIP; and the “W” indicates a non-hermetic ceramic DIP. 

Versions are available screened to military requirements; contact 
the factory for details. It is also possible to order units with 
synchronous functions on a “special order” basis; detailed infor- 
mation is available from the factory. 


DIGITAL INPUTS VS. ANALOG OUTPUT 


BIT 

BIT 

BIT 

BIT 

BIT 

BIT 

BIT 

BIT 

10% 

REF. 

BLANK- 

COMP. ANALOG OUTPUT IN mV 1 

1 

2 

3 

4 

5 

6 

7 

8 

BRIGHT 

WHITE 

ING 

SYNC 

(HDG-0807) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1046.75 

975.75 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

I 

1 

729.25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

409.25 

0 

0 

0 

0 

0 

0 

0 , 

0 

1 

1 

1 

1 

338.25 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

1 

1 

1046.75 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

975.75 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

338. 25 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

285 3 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

124.25 2 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

71 3 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

53. 25 2 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

0 3 


NOTES 

'Values are for Gray Scale output ofHDG-0807 measured with respect to Sync level . 

2 Setup (Pin 20) to + 5V. (0 IRE units) 

3 Setup (Pin 20) open. (7 .5 IRE units) 

Table I. Digital inputs vs. Analog Output 
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FEATURES 

12-Bit Multiplying Accuracy 
Highest Speed Available 
Good Drive: 10.24mA 
Small Size: 24-Pin DIP 

APPLICATIONS 
CRT Displays 
Waveform Generation 
Vector Generation 

MHz-Rate Digital or Analog Attenuators 


GENERAL DESCRIPTION 

The HDM-1210 D/A converter is an ultrahigh-speed current 
output multiplying converter which offers circuit designers a 
chance to obtain high speed, good drive, and flexible design 
parameters in a DIP package. Its output is the product of 12 
bits of digital input data and the analog input(s), providing 
flexibility for a wide variety of applications. 

Typical analog settling time to 1% is only 85ns; and 3dB analog 
bandwidth is 10MHz. Digital settling time to 0.1% accuracy at 
the major carry transition is an incredible 80ns, making the 
HDM-1210 D/A extremely attractive for a range of high-speed 
multiplying functions. 


HDM-1210 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 

INPUTS 



Id ac 

10V SPAN 

+ 15V 
-15V 


Rl 


GND 

GND 

GND 

GND 


In one mode of operation, its output current is precisely propor- 
tional to the analog input signal, multiplied by the digital input 
code. The analog signal being multiplied can be a sine wave, 
triangle wave, sawtooth, or any one of a variety of complex 
waveforms. The output is an accurate scaled version of the 
input, with the digital input used as the scale factor. 

In another mode of operation, the analog input voltage can be 
used as the scale factor for the digital input code. In addition to 
this kind of flexibility, the HDM-1210 also has various offsetting 
capabilities which allow the analog input, digital input, analog 
output, and/or an external amplifier to be combined. With these 
features, the HDM-1210 can be used to accommodate unipolar 
or bipolar operation; and provide either one-quadrant or two- 
quadrant multiplication. 
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C-ICPICI ATI HUC (typical @ + 25°C with nominal power supplies; Va^s 0) = - 5V; 
Ol til II I uA 1 1 UN w and Vanmjoq (2) = OV unless otherwise noted) 


Parameter 

HDM-1210BD 

! 

HDM-1210SDSDB 

Units 

RESOLUTION 

12 

! * 

Bits 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 




Current 

2.5 

* 

pA 

Voltage 1 

250 

★ 

pV 

ACCURACY (FS = Full Scale) 2 




Differential Linearity 

±1/2(1) 

★ 

LSB (max) 

Integral Linearity 

±1/2(1) 

★ 

LSB (max) 

Gain 

±0.2 (±0.5) 

* 

% FS (max) 

Monotonicity 

Guaranteed 

* 


TEMPERATURE COEFFICIENTS 




Differential Linearity 

±3(±6) 

* 

ppm/°C (max) 

Integral Linearity 

± 3 ( ± 6) 

★ 

ppm/°C (max) 

Gain 

± 20 ( ± 50) 

* 

ppm/°C (max) 

Digital Offset 2 ’ 3 

±2(±5) 

♦ 

ppm/°C (max) 

Analog Offset 2,4 

±3.5 (±8) 

* 

ppm/°C (max) 

DYNAMIC CHARACTERISTICS 

Voltage Settling Time 5 

Digital (Major Carry Transition) 




To ± 1% 

35 

♦ 

ns 

To ±0.1% 

80(110) 

★ 

ns (max) 

To ±0.025% 

120(170) 

★ 

ns (max) 

Analog Settling to ± 1% FS 
(Vanalog (U = 0V to -5V Step; 




All Digital Inputs ((a< “ 1 ”) 

85(120) 


ns (max) 

Overvoltage Recovery Time 6 

200 

* 

ns 

Glitch Impulse 

700 

★ 

pV-s 

DIGITAL DATA INPUTS 




Logic Compatability 

TTL 

♦ 


Logic Levels 




“1” 

+ 3.5 ( + 2.4/ + 5.0) 

★ 

V (min/max) 

“0” 

+ 0.2 (0.0/ + 0.6) 

★ 

V (min/max) 

Loading 7 (Each Bit; with Typical 

Input Logic Levels) 




TTL“1” 

40/4.8 

★ 

nA/pF 

TTL “0” 

1.25/4.8 

★ 

mA/pF 

Coding 




Unipolar 

Binary (BIN) 

* 


All “Is” Input 

Max Positive Output 

★ 


All “0s” Input 

Max Negative Output 

★ 


OUTPUT 8 (FS = Full Scale) 




Current Range ( ± 1% Accurate @ FS) 

0 to + 10.24 FS 

* 

mA 

Voltage Range ( ± 1% Accurate @ FS) 

Oto + 1.024FS 

* 

V 

Digital Zero Offset 2,3 

0.5 (2.5) 

* 

pA (max) 

Analog Zero Offset 2 ,4 

2.5(10) 

* 

pA (max) 

Voltage Noise, rms (0. 1Hz to 10MHz) 

15 

★ 

pV 

Compliance 

+ 1.5; -2 

★ 

V 

Impedance 1,9 

100(2) 

* 

ft(±) 

MULTIPLYING CHARACTERISTICS 10 




Vanalog (U Input Impedance 

4(±5.0%) 

♦ 

kO (max) 

Vanalog (2) Input Impedance 

8(±5.0%) 

* 

kfl (max) 

Vanalog (1) Input Range (Pin 14): 




Vanalog (2) = 0V 
to 

Oto -5 VS 

to 


V 

Vanalog (2) = -5V 
to 

+ 2.5 to -2.5FS 

to 

* 

V 

Vanalog (2) = - 10V 

+ 5 to 0 FS 

* 

V 

Vanalog (2) Input Range (Pin 16): 




Vanalog (1) = 0V 
to 

Oto -10 VS 

to 


V 

Vanalog (1) = -2.5V 
to 

+ 5 to -5FS’ 

to 

* 

V 

Vanalog(I) = -5V 

+ lOtoOFS 

♦ 

V 

Analog Feedthrough at I DA c (Output) 
(Vanalog (1) = 5 V p-p; 

All Digital Inputs @ “0”) 


i 


At 1 .4MHz Input Frequency 

0.024 

♦ 

%FS 

At 10MHz Input Frequency 

0.1 


%FS 

FS Analog Bandwidth (3dB) 

10 

* 

MHz 

POWER REQUIREMENTS 




+ 15V ±3% 

60(72) 

* 

mA (max) 

-15V ±3% 

25(35) 

* 

mA (max) 

Power Dissipation 

1.3(1. 6) 

* 

W (max) 

Power Supply Rejection Ratio 

0.01 (0.05) 

★ 

%/V (max) 

TEMPERATURE RANGE 




Operating (Case) 

-25 to +85 

-55to + 100 

°C 

Storage 

-55 to + 150 

* 

°C 

PACKAGE OPTION 11 




DH-24B 

i 

HDM-1210-BD 



HDM-1210SD 

HDM-1210SDB 



NOTES 

‘R l (Pin 23) connected to I D ac (Pin 24). 

2 Current output into short circuit. 

3 Bit inputs at “0” and Vanalog (1) (& -5V. 

4 Bit inputs at “1” and V A nalog (1) @ 0V. 

5 Settling times shown are slightly longer at low levels of analog input. 
6 Recovery time shown is for 0.5V analog overdrive at Vanalog (1) 
with V AN alog (2) grounded (see text). 

7 Value which is shown for digital “0” for Bits 3-12. Bit 1 = 5.0mA; 
Bit 2 = 2.5mA. 

8 FS accuracies are ± 1% when using Vanalog (2) input. 

’Trimmed to value. 

l0 Two-quadrant and four-quadrant multiplying requires external 
op amp operating in bipolar mode. 

"See Section 14 for package outline information. 

♦Specifications same as HDM-1210BD. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltages ± 18V 

Logic Inputs 

Digital “1” + 7V 

Digital “0” -0.5V 

Analog Inputs 

Vanalog 0) — 6V 

Vanalog (2) - 12V 

Junction Temperature + 165°C 


PIN DESIGNATIONS 

(As Viewed from Bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

24 

Idac (OUTPUT) 

1 

BIT 1 (MSB) 

23 

Rl 

2 

BIT 2 

22 

10V SPAN 

3 

BIT 3 

21 

GROUND 

4 


20 

GROUND 

5 


19 

GROUND 

6 

BIT 6 

18 

GROUND 

7 

BIT 7 

17 

-15V 

8 

BIT 8 

16 

Vanalog (2) 

9 

BIT 9 

15 

AMPLIFIER GROUND 

10 

BIT 10 

14 

Vanalog (U 

11 

BIT 11 

13 

+ 15V 

12 

BIT 12 (LSB) 


For applications assistance, call Computer Labs Division at (919) 668-9511. 
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Theory of Operation - HDM-121 0 


THEORY OF OPERATION 

Refer to the block diagram of the HDM-1210 D/A Converter. 

The HDM-1210 uses the analog input voltages to set the reference 
current, designated as I REF in the block diagram. Since this 
reference current is limited to 1.25mA, maximum inputs applied 
to Vanalog (1) (Pin 14) and Vanalog (2) (Pin 16) are also 
limited. When Vanalog (2) is open or grounded, the maximum 
input at Vanalog (1) is - 5V; when Vanalog (1) is open or 
grounded, maximum input at Vanalog (2) is - 10V. 

If some combination of voltages in excess of those cited above is 
applied to the analog inputs, the analog output becomes limited 
to zero and remains at that value until the excessive analog 
input(s) is removed. 

The output of the unit will not be limited if: 

, A _ ^analog (1) V ANALOG (2) 

- 1.25mA < h — OmA 

Permanent damage to the HDM-1210 may take place if the 
input at Vanalog (1) exceeds + IV with Vanalog (2) open or 
grounded; with Vanalog (1) open or grounded, voltage at 
Vanalog (2) should not exceed +2V. 

The amount of overvoltage (up to the levels which may cause 
damage) will have an effect on the interval required for the 
converter to recover; the larger the overvoltage, the longer the 
interval. As shown in the SPECIFICATIONS section, a voltage 
of + 0.5V overdrive is applied to Vanalog (1) when specifying 
recovery time. 

Maximum output at I D ac (Pin 24) is a function of the reference 
current established by the inputs; with all digital inputs at logic 
“1”, the output current is based on the equation: 

Tout (max) = Iref (8.192) 
where 

T _ ~ Vanalog (1) , ~V A nalog(2) 

1ref ~ 4kfl + 8kD 

Iref (max) is 1.25mA; therefore, maximum output current is 
10.24mA. 

This characteristic of the HD M-1210 means output current can 
be digitally adjusted, just as it is in a conventional D/A which 
has a variable maximum output current. 


V, 

V 2 


Figure 1. HDM-1210 Functional Block Diagram 



There are 4,0% digital steps from zero to full-scale output for 
the HDM-1210, calculated with the equation: 

lour = (D) (8.192) (Iref) 
where 

D = 0 to 1 digital word in 4,096 steps (0.024%/step) 


The two analog inputs at Pins 14 and 16 provide various offsetting 
capabilities which allow the HDM-1210 to accommodate either 
unipolar or bipolar input operation. When one of these inputs is 
properly offset to a negative voltage, the other input can be 
used for both negative and positive inputs. Iref is still limited 
to 1.25mA, which limits the total output to the range from 0 to 
10.24mA. Examples of outputs versus various inputs are shown 
in Table I. 




There are two methods of obtaining a voltage output from the 
current output HDM-1210. The first method simply requires 
connecting a load resistor from Pin 24 to ground, as shown in 
Figure 2. 



Figure 2. Passive l-to-V Converter (External Load) 

The output voltage for this circuit is established by the equation 
Vout = (RloadIIF-ladder) (Tout)- Rladder is approximately 
200H. The user must exercise care to avoid exceeding the com- 
pliance of the HDM-1210. 
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Alternatively, the output of the HDM-1210 can be connected to 
an internal load, as shown in Figure 3. This connection provides 
output resistance of 1000 ( ± 2%) and an output voltage swing 
of OVto 1.024V. 



DIGITAL 

INPUT 


Figure 3. Passive l-to-V Converter (Internal Load) 

The second method of obtaining a voltage output from the 
HDM-1210 D/A converter requires an external operational 
amplifier and a feedback resistor, as shown in Figure 4. 

When the correct op amp is chosen, the output voltage from the 
combination shown in Figure 4 can be considerably greater than 
the output of an HDM-1210 operating as a passive I-to-V 
converter. 


Rfb 



DIGITAL 

INPUT 


Figure 4. Active I-to-V Converter 

If the Analog Devices’ HOS-050A or HOS-060 operational 
amplifier is selected, the user will have wide output range, good 
drive, and easy compensation. 

An internal feedback resistor of 1 ,000H in the HDM-1210 makes 
the circuit shown in Figure 4 capable of providing an output 
voltage of OV to - 10.24V. 


TWO-QUADRANT ANALOG MULTIPLYING 
Two HDM-1210 D/A converters can be used in combination 
with op amps to provide two-quadrant analog multiplying, as 
illustrated in Figure 5. The circuit uses standard binary coding; 
it will accept a bipolar input and provide a bipolar output. 

The offset at the Vanalog (1) input (Pin 14) of each D/A converter 
allows maximum analog speed over the entire analog input 
range. The signal is inverted after the D/A in the lower channel, 
so effects of any offset are cancelled at the output of the circuit. 
The overall analog output range can be adjusted by changing 
the value of feedback resistor Rfb in the output driver circuit 
changing the value of this resistor will not affect the linearity of 
the circuit. 

Any gain errors which may exist between the HDM-1210 D/As 
can be compensated by adjusting the values of Ra and R B to 
match the gain of the lower channel to the gain of the upper 
channel. 

The output voltage of the two-quadrant multiplier is calculated 
with the equation: 

V 0 ut= (D) (16.384) (^jf) (R fb ) 

where D is a digital word which varies from 0 to 1 . 


FOUR-QUADRANT ANALOG MULTIPLYING 

Adding a feed-forward resistor, as shown in Figure 6, expands 
the circuit in Figure 5 to a four-quadrant multiplier whose 
output voltage is based on the equation: 

Vout= (- V IN + (D) (16.384) (^) (R FB ) 

where D is a digital word which varies from 0 to 1. 

Overall, the circuit in Figure 6 uses offset binary coding; indi- 
vidually, the HDM-1210 D/A converters continues to use standard 
binary coding. 

Gain error between the two channels can be adjusted by varing 
the values of R A and R B , as explained earlier. After their gains 
have been matched, the feed-forward resistor R FF must be adjusted 
to match the gain of the two converters. To accomplish this, set 
the digital input code to 1000 000 000 000 and vary the value of 
R ff to obtain an analog output Vout of zero volts. 



Figure 5. Two-Quadrant Analog Multiplier 
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HDM-1210 



-2.5V TO - 3V 



Figure 6. Four-Quadrant Analog Multiplier 


The overall offset of the input signal should be fixed at zero in 
the four-quadrant multiplier because it cannot be cancelled out 
as it is in the two-quadrant version. The value of R F f will be 
approximately 97611, as shown in Figure 6. The value is based 
on the equation: 

„ V max 
Kff “ I max/2 

where V max = maximum input voltage (5V) 

I max = maximum HDM-1210 output (10.24mA) 

In the circuits shown in Figures 5 and 6, the recommended op 
amp is the Analog Devices’ HOD-050A or HOS-060 operational 
amplifier, just as it is in Figure 4. 

OUTPUT VERSUS INPUTS 

Table I above lists various output currents versus several combi- 
nations of input voltages a Vanalog (1) and Vanalog (2). Ad- 


ditional information regarding outputs with various inputs is 
shown in Figure 7 through Figure 1 1 . 

In Figures 8, 10, and 11, varying outputs which are the result 
of changes in digital inputs are designated as follows: 


Digital Input Code 

BIN 

OBN 

Output 

111 111 111 111 

Full Scale 

Max Positive 

A 

110 000 000 000 

3/4 Scale 

1/2 Scale Positive 

B 

100 000 000 000 

Half Scale 

Zero 

C 

010 000 000 000 

1/4 Scale 

1/2 Scale Negative 

D 

000 000 000 000 

Zero 

Max Negative 

E 



TIME- ns TIME- ns 


Figure 7. Input for Circuit in Figure 3 


Figure 8. Outputs of Circuit in Figure 3 
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The input signal at Vin in Figures 5 and 6 is shown in 
Figure 9. 



0 10 20 30 40 50 60 70 80 90 100 

TIME- ns 


Refer to Figure 11. 



0 10 20 30 40 50 60 70 80 90 100 

TIME- ns 


Figure 9. Inputs for Circuits in Figures 5 and 6 


Figure 1 1. Outputs of Circuit in Figure 6 


The outputs of the two-quadrant multiplying circuits of 
Figure 5 are shown in Figure 10, with the outputs labeled for 
various digital multiplying inputs. 

6 r- 1 - I i i i— r i - i 


5 



-6 I 1 1 1 I I I 1 I I I 

0 10 20 30 40 50 60 70 80 90 100 

TIME- ns 


Figure 10. Outputs of Circuit in Figure 5 


Four-quadrant multiplying of an analog input is shown in this 
illustration. The changes in output which result from variations 
in the digital inputs are labeled as described earlier. 

SETTLING VERSUS INPUT 

The SPECIFICATIONS table and footnote 5 point out digital 
settling time is affected by the level of the analog input signal. 
This characteristic of the HDM-1210 is shown in Figure 12. 



30 40 50 60 70 80 90 100 110 120 

NANOSECONDS 

Figure 12. Digital Settling Time to ±1% 

Settling is fastest with high levels of analog input; settling time 
increases as levels decrease, but there is no direct ratio between 
the two variables. 


ORDERING INFORMATION 

There are three versions of the HDM-1210 D/A converter, all in 
hermetic ceramic DIP housings; with the exception of temperature 
ranges, all models meet the same electrical specifications. 

The HDM-1210BD operates over a temperature range of -25°C 
to + 85°C; the HDM-1210SD operates over a range of -55°C 
to + 100°C. For this latter temperature range and military screening 
of components, order part number HDM-1210SDB; contact the 
factory for details. 
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□ ANALOG 
DEVICES 


HDS-1250 


Ultrahigh- Speed 
12-Bit D/A Converter 


FEATURES 
35ns Settling Time 
10mA Output Current 
Monotonic Over Temperature 
Available to MIL-STD-883 

APPLICATIONS 

Waveform Generation 

Analytical and Medical Instrumentation 

Military Equipment 

Display Systems 


HDS-1250 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 

INPUTS 



GENERAL DESCRIPTION 

The HDS-1250 D/A Converter is an ultrahigh-speed current 
output digital-to-analog converter using reliable thin film con- 
struction in a 24-pin hermetically sealed hybrid package. 

Active laser trimming assures precise 12-bit operation over a 
wide temperature range, and the device is guaranteed to be 
monotonic over its entire operating range. These characteristics 
and the assembly and testing in a MIL-STD-1772-certified 


facility make the HDS-1250 attractive for a variety of military 
and high-reliability applications. 

Full-scale output is 10.24mA, making the converter useful for 
directly driving capacitive loads and transmission lines. An 
internal precision reference eliminates the need for external 
circuits for most applications. 
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(with nominal supplies, unless otherwise noted) 



Sub- 





Parameter 1 ’ 2 (Conditions) 

Group 






Units 

RESOLUTION 



12 


12 


Bits 

(FS = Full Scale) 








LSB WEIGHT 



2.5 

2.5 

jxA 

ACCURACY 








/ Integral Linearity 

4 

+ 25°C 

±0.25 

±0.5 

±0.25 

±0.5 

LSB 

(Iout? Best Fit Line) 

5,6 

Full 

±1.0 

±1.5 

±1.0 

±1.5 

LSB 

/ Differential Linearity 

4 

+ 25°C 

±0.25 

±0.5 

±0.25 

±0.5 

LSB 

(Iout; All Major Carries) 

5,6 

Full 

-1.0 ±0.5 

+ 2.0 

-1.0 ±0.5 

+ 2.0 

LSB 

Unipolar FS 
/ Offset (Bits 1-12 Off) 

1,2,3 

Full 

+ 0.5 

+ 1.5 

+ 0.5 

+ 1.5 

P'A 

/ Gain (Bits 1 - 12 On; Iqut 

4 

+ 25°C 

±0.1 

±0.25 

±0.1 

±0.25 

%FS 

or Vqut with Internal Load) 

/ Gain vs. Temperature 

5,6 

Full 

±30 

±60 

±30 

±60 

ppm/°C 

(Bits 1 — 12 On; Iout) 

Bipolar FS 

/Offset (Bits 1-12 Off; 

4 

+ 25°C 

±0.25 

±0.5 

±0.25 

±0.5 

%FS 

Pins 20 and 22 Connected) 

/ Offset vs. Temperature 

5,6 

Full 

±15 

±30 

±15 

±30 

ppm/°C 

(Bits 1-12 Off; Pins 

20 and 22 Connected) 








/ Gain (Bits 1 - 12 On; 

4 

+ 25°C 

±0.1 

±0.25 

±0.1 

±0.25 

%FS 

Pins 20 and 22 Connected) 

/ Zero (Bit 1 On; Bits 2-12 

4 

+ 25°C 

±0.1 

±0.2 

±0.1 

±0.2 

%FS 

Off; Pins 20 and 22 Connected) 

/ Zero vs. Temperature (Bit 1 

5,6 

Full 


±75 


±75 

ppm/°C 

On; Bits 2- 12 Off; Pins 20 
and 22 Connected) 








DATA INPUTS 








Coding 



BIN/OBN 


BIN/OBN 



Logic Compatibility 



TTL and 5 V CMOS 

TTL and 5 V CMOS 


Logic Levels 








“1” 


Full 

+ 2.5 


+ 2.5 


V 

“0” 


Full 


+ 0.8 


+ 0.8 

V 

Logic Loading 
/ Bits 1- 12 “1” 

1 

+ 25°C 


40 


40 

|xA 


2 

+ 125°C 


100 


100 

|xA 


3 

-55°C 


40 


40 

|xA 

/ Bit 1 “0” 

1 

+ 25°C 


7.0 


7.0 

mA 

(Bits 1- 12(5)0. 0V) 

2,3 

Full 


7.0 


7.0 

mA 

/ Bits 2- 12 “0” 

1 

+ 25°C 


3.5 


3.5 

mA 

(Bits 1- 12@0.0V) 

2,3 

Full 


3.5 


3.5 

mA 

OUTPUT 








Current FS 








Unipolar 


+ 25°C 

10.24 


10.24 


mA 

Bipolar 

Voltage FS 3 


+ 25°C 

±5.12 


±5.12 


mA 

Unipolar 


+ 25°C 

+ 1.024 


+ 1.024 


V 

Bipolar 


+ 25°C 

±0.512 


±0.512 


V 

Compliance 


+ 25°C 

-2.0 

+ 1.5 

-2.0 

+ 1.5 

V 

Impedance 


+ 25°C 

200 


200 


n 

SETTLING TIME 








Current (To ± 0.025% FS) 


+ 25°C 

35 


35 


ns 

/ Voltage (To ± 0. 1% FS; 1LSB 

9 

+ 25°C 


35 


35 

ns 

step at midscale; Internal Rload) 








POWER REQUIREMENTS 








/ + V supply (Bits 1-12 Off; 

1 

+ 25°C 


54 


54 

mA 

+ 15V) 

2,3 

Full 


54 


54 

mA 

/ -VsuppLvCBits 1-12 Off; 

1 

+ 25°C 


19 


19 

mA 

-15V) 

2,3 

Full 


19 


19 

mA 


(Continued on next page) 
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HDS-1250 


Parameter 1,2 (Conditions) 

Sub- 

Group 

Temp 

HDS-1250KD 1 

Min Typ Max 

HDS-1250TM & TM/883B 2 
Min Typ Max 

Units 

/Power Supply Rejection 

■■■ 





Ratio (PSRR) (Bits 1 - 12 On; 


+ 25°C 

0.06 

0.06 

%/% 

±V S = ±14.5, ± 15.5V) 

H 

Full 

0.08 

0.08 

%/% 

THERMAL RESISTANCE 






Junction to Case (0j C ) 



12 

12 

°C/W 

Case to Air(0 ca ) 4 , 



34 

34 

°c/w 

MEAN TIME BETWEEN 






FAILURES (MTBF) 5 




2.7 x 10 6 

Hours 

PACKAGE OPTIONS 6 






DH-24B 



HDS-1250KD 

HDS-1250TM 


M-24A 




HDS-1250TM/883B 



NOTES 

'HDS-1250KD specifications preceded by a check (/) are tested at +25°C 
ambient temperature; performance is guaranteed over case temperature 
range of 0 to 70°C. 

2 HDS-1250TM and HDS-1250TM/883B specifications preceded by a 
check (y) are tested at — 55°C case, +25°C ambient, and + 125°C case 
temperatures unless otherwise indicated (See Subgroups). 

3 With internal 2000 load resistor. Other voltages within the compliance 
range may be obtained with an external load resistor using following: 

VoUT ~ louT X ^EQUIVALENT 

Where: Requivalent = 2000 internal impedance 
in parallel with external load resistance. 

4 The relationship between the device package and outside environment (0 ca ) 
varies with the application. Value shown is based on measuring case 
temperature with supply voltages applied to a device in a ZIF socket 
mounted on a standard “EJ” burn-in board. 

5 MTBF calculated for HDS-1250TM/883B using MIL-HNBK 217D; 
Ground Fixed; Temperature (ambient) = 25°C. 

6 See Section 14 for package outline information. 

Specifications subject to change without notice. 


EXPLANATION OF SUBGROUPS 

Subgroup 1 - Static tests at + 25°C. 

(10% PDA calculated against Subgroup 1 for high-rel versions) 
Subgroup 2 - Static tests at maximum rated temperature. 
Subgroup 3 - Static tests at minimum rated temperature. 
Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at maximum rated temperature. 
Subgroup 6 - Dynamic tests at minimum rated temperature. 
Subgroup 7 - Functional tests at + 25°C. 

Subgroup 8 - Functional tests at maximum and minimum 
rated temperatures. 

Subgroup 9 - Switching tests at + 25°C. 

Subgroup 10 - Switching tests at maximum rated temperature. 
Subgroup 11 - Switching tests at minimum rated temperature. 
Subgroup 12 - Periodically sample tested. 




ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ( + V s ) 

Supply Voltage ( - V s ) 

Digital Inputs 

Storage Temperature 

Lead Soldering (lOsec) 

Junction Temperature 


+ 17V 

-17V 

. . . . Oto +8V 
- 55°C to 4- 125°C 

+ 300°C 

+ 165°C 


PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

24 

+ 15V 

1 

BIT 1 (MSB) 

23 

-15V 

2 

BIT 2 

22 

BIPOLAR OFFSET 

3 

BIT 3 

21 

Rload (2000) 

4 

BIT 4 

20 

OUTPUT 

5 

BIT 5 

19 

GROUND 

6 

BIT 6 

18 

GROUND 

7 

BIT 7 

17 

GROUND 

8 

BIT 8 

16 

GROUND 

9 

BIT 9 

15 1 

GROUND 

10 

BIT 10 

14 

GROUND 

11 

BIT 11 

13 

GROUND 

12 

BIT 12 (LSB) 
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THEORY OF OPERATION 

Refer to the HDS-1250 Block Diagram. 

The HDS-1250 consists of an array of high-speed, current-steering 
switches and a precision R2R resistor network. An internal 
voltage reference provides current which is switched between 
the digital input and the resistor network, depending on digital 
input level. Full-scale output current is 10.24mA, scaled by the 
binary digital input word. 

The parallel combination of the R2R network and the internal 
load resistor (R L ) causes the HDS-1250 D/A Converter to have 
a unipolar output voltage of + 1.024V. A 5.12mA current sink 
contained within the device provides a bipolar function (Pin 22) 
when it is connected to the output pin. 

ANALOG OUTPUT CIRCUITS 

The HDS-1250 is primarily a current-output DAC which can be 
operated in either a unipolar or bipolar mode. The connections 
for unipolar operation are shown in Figure 1. 



s - iokn 




Figure 1. 


When a load resistor is connected between the output (Pin 20) 
and ground, the HDS-1250 can also function as a voltage DAC. 
Its output voltage must remain within a certain tolerance or the 
linearity of the device will be affected adversely. This “compliance” 
voltage range for the HDS-1250 is -2.0V to + 1.5V. The voltage 
output of 0V to + 1.024V provided by the internal 2000 load is 
well within the compliance range of the device. 

Bipolar use of the HDS-1250 is illustrated in Figure 2. 

An alternate way of achieving a voltage output with the HDS-1250 
is to use an operational amplifier as a current-to-voltage converter 
on the output as shown in Figure 3. 

The DAC output is connected directly to the summing node of 
the amplifier; the output impedance of the R2R network serves 
as the Thevenin equivalent feed forward resistance in the circuit. 


This technique allows the fastest possible settling of the combi- 
nation, which is approximated by: 

T s = VCW + (T A y 

Where: T s = Total settling time 
T d = DAC settling time 
T a = Op Amp settling time 

The gain of the amplifier can be controlled most accurately by 
varying the ratio between current flow through the feedback 
resistor (Rl) and the 10.24mA current output of the DAC. The 
amplifier’s output offset can be adjusted by sinking current 
from or sourcing current to the summing node through a poten- 
tiometer connected to the positive and negative supply voltages. 
The value of R3 in Figure 2 will be based on the desired range 
of adjustment. 
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DESIGN RULES 

There are certain circuit layout rules that must be observed to 
obtain successful high-speed data conversion. Heavy ground 
currents and fast switching speeds can combine to present a 
formidable challenge to noise-free performance unless precautions 
are taken. 

The foundation for a good high-speed design lies in the ground 
plane. The HDS-1250 should be mounted on a PC board that 
has one side (or layer) dedicated as a large, low-impedance 
ground plane. This helps ensure that ground loops and differences 
in ground potential do not develop in the vicinity of the DAC 
and erode its effective linearity. 

To avoid loss of resolution due to noise, it is imperative to 
decouple the power supply pins of the HDS-1250 directly to the 
ground plane as physically close to the package as possible. 
Minimum decoupling should consist of a lOpJF tantalum capacitor 
and a 0.01 jxF ceramic capacitor in parallel at each supply voltage 
pin. This will help suppress both high- and low-frequency noise 
components in the supply voltage. 

If a voltage output op amp is used, locate it as close as practical 
to the DAC output to minimize the length of the summing node 
circuit trace. At high switching speeds, parasitic capacitance and 
inductance become critical factors in determining settling char- 
acteristics, and precautions must be observed to limit their 
effects. Any offset control functions connected to the summing 
node must also be as short as possible to minimize output 
ringing. 

When selecting resistors to use as the output load or as feedback 
for the op amp, the designer should bear in mind that the tem- 


perature coefficient of these resistors will materially affect the 
overall temperature stability of the data conversion design. Resistor 
grades should be selected to support the allotted error budget of 
the system. 

Output “glitches” are another anomaly that plague the success 
of high-speed DAC designs. These aberrations in the output are 
generally caused by skewing in the transition points of the parallel 
bit inputs. Small differences in the start of switching among the 
input bits cause the DAC output to try to respond with each 
change. 

The glitches appear in the output as small triangular waveforms 
at the bit transitions, and are measured in terms of area as a 
function of voltage and time. Bit- weighting causes glitch impulse 
to be most significant at the Bit 1 transition, and it diminishes 
by half at each successive bit. This causes the amplitudes of the 
glitches to be code-dependent, making it virtually impossible to 
eliminate them with a filter. 

Glitches of 100-500 pico-volt seconds are common for high-speed 
TTL D ACs and can have an undesirable effect on the reconstructed 
signal purity in some applications. 

There are two methods for minimizing glitch impulse in appli- 
cations using the HDS-1250. In one, a set of high-speed registers 
in front of the bit inputs will reduce the amount of skew in the 
input data. These registers should be mounted physically close 
to the HDS-1250 package, and Bits 1-4 should be located in a 
single quad package. 

The second method is to utilize a deglitching amplifier on the 
output of the DAC. See Figure 4. 



Figure 4. 


This deglitching circuit includes the input registers mentioned 
above and a high-speed track-and-hold (T/H) amplifier. The 
HTS-0010 shown is timed to “hold” a constant output during 
the time of the glitch activity; and update the output after DAC 
settling has occurred. 


The deglitching amplifier introduces its own switching anomalies, 
but they occur at the update rate of the input data and are 
beyond the reconstructed bandwidth of interest. 
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Figure 5. 


These aberrations can be filtered with a bandpass filter at the 
output of the (T/H) deglitching amplifier. The filter should be 
selected to pass a frequency range from dc to one-half the DAC’s 
update rate. 

For a better insight into the timing involved, refer to Figure 5. 

As shown, the analog output of the HDS-1250 will attempt to 
follow the switching of the digital inputs as they change; if time 
skew exists among the input bits, the glitches which result will 
be pronounced. The clock signal shown in Figure 5 serves as a 
strobe for the input register and also causes the T/H to switch 
from a “track” to “hold” mode of operation. After the glitch on 
the output of the HDS-1250 has subsided, the T/H will return 
to the track condition and slew to the new value established by 
the most recent digital input changes. 

Minor switching transients introduced by the action of the T/H 
occur at the input data rates and are outside the passband of 


interest. Their effects can be eliminated with a bandpass filter at 
the output of the HTS-0010. 


ORDERING INFORMATION 

Three models of the HDS-1250 D/A Converter are available; all 
are manufactured in a MIL-STD-1772-certified facility. 

Model HDS-1250KD operates over a case temperature range of 
0 to + 70°C; the KD suffix indicates a 24-pin hermetic ceramic 
DIP package. 

For operating case temperatures of - 55°C to + 125°C, order 
either the HDS-1250TM or the HDS-1250TM/883B; both units 
are housed in hermetic 24-pin metal packages. The 883B desig- 
nation indicates units which are intended for military or other 
high-reliability applications; these devices are manufactured and 
screened per the requirements of MIL-STD-883. 
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GENERAL PURPOSE ADCs 



Res 

Conv 

Time 

Int 

SHA 

BW 

Reference 

Voltage 

Bus 

Interface 

Model 

Bits 

)XS 

kHz 1 

Int/Ext 2 

Bits 3 

AD7821 

8 

0.66 

100 

0-5 V, Ext 

8, |xP 

AD7569 

8 

2 

200 

Int 

8, |xP 

*AD7669 

8 

2 

200 

Int 

8, piP 

AD7820 

8 

2 

7 

0-5 V, Ext 

8, jxP 

*AD7769 

8 

2.5 

200 

Ext 

8, |*P 

AD7824 

8 

2.5 

10 

0-5 V, Ext 

8, piP 

AD7828 

8 

2.5 

10 

0-5 V, Ext 

8, pT 

AD7575 

8 

5 

50 

1.23 V, Ext 

8, pJP 

AD670 

8 

10 


Int 

8, |aP 

AD7576 

8 

10 


1.23 V, Ext 

8, pP 

AD570 

8 

25 


Int 

8 

AD673 

8 

30 


Int 

8, pP 

AD7581 

8 

66.7 


-5 V— (-15 V), Ext 

8, pP 

AD579 

10 

1.8 


10 V, Int 

10/Serial 

AD7579 

10 

18.5 

25 

2.5 V, Ext 

8, pP 

AD7580 

10 

18.5 

25 

2.5 V, Ext 

10, pP 

AD571 

10 

25 


Int 

10 

AD573 

10 

30 


Int 

8/10, pP 

AD575 

10 

30 


Int 

Serial 

*AD9005 

12 

0.1 

38000 

Int 

12 

CAV-1205 

12 

0.2 

15000 

Int 

12 

MOD-1205 

12 

0.5 

15000 

Int 

12 

AD9003 

12 

1 

10000 

Int 

12 

HAS-1201 

12 

1 

2000 

Int 

12 


Package 

Options 4 

Temp 

Range 5 

Page 

Comments 

N, P, Q 

C,I 

3-367 

CMOS, Bipolar or Unipolar Operation 

E, N, P, Q 

C, I, M 

3-233 

CMOS, Complete I/O Port with DAC, 

N, P 

C, I, M 

3-233 

ADC, SHA, Amps and Reference 

CMOS, Complete I/O Port with 2 DACS, 

E, N, P^Q, R 

C, I, M 

3-357 

ADC, SHA, Amps and Reference 

CMOS, 8-Bit Sampling ADC 

N, P 

C,I 

3-325 

CMOS, Two-Channel ADC/DAC with 

N, Q 

C, I, M 

3-379 

Output Amplifiers 

CMOS, 4 Channel, 8-Bit Sampling ADC 

E, N, P, Q 

C, I, M 

3-379 

CMOS, 8 Channel, 8-Bit Sampling ADC 

E, N, P, Q 

C, I, M 

3-265 

CMOS, Low Cost 

D, E, N, P 

C, I, M 

3-69 

Single Supply, Including In-Amp and 

E, N, P, Q 

C, I, M 

3-269 

Reference 

CMOS, Low Cost 

D 

C, M 

3-15 


D, N, P 

C, M 

3-81 


D, N 

C,I 

3-295 

CMOS 8-Bit ADC 

D, N 

C,I 

3-63 


E, N, P, Q 

C, I, M 

3-279 

CMOS, Low Cost 10-Bit Sampling ADC 

E, N, P, Q 

C, I, M 

3-279 

CMOS, Low Cost 10-Bit Sampling ADC 

D 

C, M 

3-15 


D, N, P 

C, M 

3-29 


D, N 

C, M 

3-49 


M 

C, M 

3-459 

Complete 12-Bit ADC with T/H, Reference 

Card 

C 

3-567 

and Timing Circuitry 

12-Bit, 5MSPS Eurocard 

Card 

C 

3-593 

12-Bit, 5MSPS Video ADC 

M 

C 

3-451 

12-Bit, 1MSPS ADC. Single 40-Pin DIP 

M 

C, M 

3-573 

12-Bit, 1MSPS ADC 


*X indicates that the internal SHA bandwidth is not specified in kHz. 

Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 This column lists the data format for the bus with “pP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, pP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

4 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; M-Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip; R-Small 
Outline Plastic (SOIC). 

5 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 
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GENERAL PURPOSE ADCs 



Res 

Conv 

Time 

Int 

SHA 

BW 

Reference 

Voltage 

Bus 

Interface 

Model 

Bits 

p,s 

kHz 1 

Int/Ext 2 

Bits 3 

HAS-1202A 

12 

1.6 


Int 

12 

HAS-1204 

12 

2 

7000 

Int 

12 

HAS-1202 

12 

2.9 


Int 

12 

AD578 

12 

3 


10 V, Int 

12 

AD7672 

12 

3 


-5 V, Ext 

12, jjlP 

AD678 

12 

4 

X 

5 V, Int 

12, pP 

*AD1678 

12 

4 

500 

Int 

8/12, |xP 

AD5240 

12 

5 


6.3 V, Int 

12 

AD7572 

12 

5 


-5.25 V, Int 

12, |xP 

AD1332 

12 

8 

125 

-5 V, Int 

12, |jlP 

AD7870 

12 

10 

X 

3 V, Int 

8/12/Serial, |xP 

AD7878 

12 

10 

X 

3 V, Int 

12, pP 

*AD7772 

12 

10 

X 

5.25, Int 

Serial, pP 

*AD1334 

12 

15 

235 

-5 V, Int 

12, pP 

AD ADC84 

12 

10 


6.3 V, Int 

12 

AD ADC85 

12 

10 


6.3 V, Int 

12 

AD5210 

12 

13 


-10 V, Int/Ext 

12 

AD674A 

12 

15 


10 V, Int 

12, |xP 

AD368 

12 

15 

40-1000 6.3 V, Int 

12 

AD369 

12 

15 

40-1000 6.3 V, Int 

12 

AD572 

12 

25 


10 V, Int 

12 

AD ADC80 

12 

30 


6.3 V, Int 

12 

AD574A 

12 

35 


10 V, Int 

8/12, |jtP 

AD363 

12 

40 

X 

10 V, Int 

12, pP 

AD364 

12 

50 

X 

10 V, Int 

12, ijlP 

AD5200 

12 

50 


-10 V, Int/Ext 

12 

AD7578 

12 

100 


5 V, Ext 

12, pP 


Package 

Temp 



Options 4 

Range 5 

Page 

Comments 

D 

C, I, M 

3-579 

12-Bit, 641kHz ADC 

M 

C, M 

3-583 

12-Bit, 500kHz ADC. Single 40-Pin DIP 

D 

C, I, M 

3-579 

12-Bit, 349kHz ADC 

D, N 

C, M 

3-57 

Complete, 3ps, 12-Bit ADC 

E, N, P, Q 

C, I, M 

3-309 

CMOS, Unipolar or Bipolar, -12 V, +5 V 
Supply 

D, N, P 

C 

3-99 

BiMOS, High-Impedance, High-Bandwidth 
Sampling Input, 10 V Range 

D, N,P 

C 

3-191 

BiMOS, 12-Bit Sampling ADC, ac 
Characterized 

D 

C, I 

3-547 

Industry Standard 

E, N, P, Q 

C, I, M 

3-253 

CMOS 12-Bit ADC 

D 

I 

9-31 

Complete 12-Bit 125kHz Sampling ADC 
for Digital Signal Processing 

E, N, P, Q 

C, I, M 

3-391 

CMOS, 100kHz Throughput— 

E, N, P, Q 

C, I, M 

3-419 

CMOS, 100kHz Throughput, On-Chip 
FIFO. Serial, Parallel or Byte Output 

E, N, P, Q 

C, I, M 

3-341 

CMOS, Serial Output 12-Bit ADC 

D 

I 

9-49 

Four Channel 65kHz 12-Bit Sampling ADC 
for Digital Signal Processing 

D 

C 

3-547 

Industry Standard 

D 

C,I 

3-547 

Industry Standard 

D 

I, M 

3-227 

Industry Standard 

D 

C, M 

3-89 

Complete 12-Bit ADC 

D 

I, M 

9-19 

Complete 12-Bit ADC with Programmable 
Gains of 1, 8, 64, 512 

M 

I 

9-19 

Complete 12-Bit ADC with Programmable 
Gains of 1, 10, 100, 500 

D, M 

I, M 

3-21 

12-Bit Successive Approximation ADC 

D 

I 

3-539 

Industry Standard 

D, E, N, P 

C, M 

3-37 

Complete ADC with Reference and Clock 

D 

C, M 

9-5 

High Speed 16-Channel, 12-Bit DAS 

D 

C, M 

9-5 

16-Channel, 12-Bit DAS with 

Three-State Buffered Output 

D 

I, M 

3-227 

Industry Standard 

D, N 

C, I, M 

3-273 

CMOS, 1LSB Total Unadjusted Error 
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Int 




Conv 

SHA 

Reference 

Bus 






Res 

Time 

BW 

Voltage 

Interface 

Package 

Temp 



Model 

Bits 

l*s 

kHz 1 

Int/Ext 2 

Bits 3 

Options 4 

Range 5 

Page 

Comments 

AD7582 

12 

100 


5 V, Ext 

12, julP 

D, E, N, P 

C, I, M 

3-303 

CMOS, 1LSB Total Unadjusted Error 

HAS-1409 

14 

9 

200-800 Int 

14 

M 

C 

3-587 

14-Bit, 125kHz ADC. Single 40-Pin DIP 

AD679 

14 

10 

X 

5 V, Int 

14, txP 

D, N, P 

C 

3-111 

BiMOS, High Impedance, High Bandwidth 
Sampling Input, 10 V Input Range 

*AD1679 

14 

10 

500 

5 V, Int 

8/14, nP 

D, N, P 

C 

3-203 

14-Bit BiMOS Sampling ADC, ac 
Characterized 

*AD7871 

14 

10 

X 

3 V, Int 

8/14/Serial, |xP 

E, N, P, Q 

C, I, M 

3-407 

CMOS, 14-Bit, 100kHz Sampling ADC 

ADC1131 

14 

12 


Int 

14 

Module 

C 

3-555 

14-Bit, High Speed ADC 

ADC1130 

14 

25 


Int 

14 

Module 

C 

3-555 

14-Bit, High Speed ADC 

DAS1152 

14 

40 

X 

10 V, Int 

16 

Module 

I 

9-73 

14-Bit High Accuracy Sampling ADC 

DAS 1157 

14 

55 

X 

10 V, Int 

16 

Module 

I 

9-77 

Low Power, 14-Bit Sampling ADC 

DAS 1153 

15 

50 

X 

10 V, Int 

16 

Module 

I 

9-73 

15-Bit High Accuracy Sampling ADC 

DAS1158 

15 

55 

X 

10 V, Int 

16 

Module 

I 

9-77 

Low Power, 15-Bit Sampling ADC 

*AD1377 

16 

10 

X 

Int 

16, Serial 

D 

c 

3-175 

Complete 16-Bit Converter. Industry 
Standard Pin Out 

AD1376 

16 

15 


Int 

16, Serial 

V 

c 

3-167 

Complete, High Speed 16-Bit ADC 
Operation over -25°C to +85°C 

AD1380 

16 

20 

900 

Int 

16, Serial 

D 

c 

3-183 

Low Cost, 16-Bit Sampling ADC 

Operation over -55°C to +85°C 
Temperature Range 

ADC1140 

16 

35 


10 V, Int 

16 

Module 

c 

3-559 

16-Bit ADC, Operates over — 25°C 
to +85°C Temperature Range 

AD ADC71 

16 

50 


6.3 V, Int 

16 

D, M 

c 

3-531 

Industry Standard 

AD ADC72 

16 

50 


6.3 V, Int 

16 

D, M 

C, I 

3-531 

Industry Standard 

DAS1159 

16 

55 

X 

10 V, Int 

16 

D 

I 

9-77 

Low Power, 16-Bit Sampling ADC 

AD1170 

18 

1000 


5 V, Int 

24 

D 

c 

3-147 

7 to 22-Bit Programmable Integrating ADC 

AD1175K 

22 

50ms 


6.95 V, Int/Ext 

24 

Module 

c 

3-159 

High Accuracy, 22-Bit Integrating ADC 


*X indicates that the internal SHA bandwidth is not specified in kHz. 

Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 This column lists the data format for the bus with “jjlP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, jjlP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

4 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; M-Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip; R-Small 
Outline Plastic (SOIC). 

5 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 
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SAMPLING ADCs 

Conv SHA 




Time 

BW 

Reference 

Bus 






Res 

JJIS 

kHz 

Volt 

Interface 

Package 

Temp 



Model 

Bits 

max 

typ 1 

Int/Ext 2 

Bits 3 

Options 4 

Range 5 

Page 

Comments 

AD7821 

8 

0.66 

100 

0-5 V, Ext 

8, p,P 

N, P, Q 

C, I 

3-367 

CMOS, Bipolar or Unipolar Operation 

AD7569 

8 

2 

200 

Int 

8, pP 

E, N, P, Q 

C, I, M 

3-233 

CMOS, Complete I/O Port with DAC, ADC, 
SHA, AMPs, & Reference 

*AD7669 

8 

2 

200 

Int 

8, |jlP 

N, P 

C, I, M 

3-233 

CMOS, Complete I/O Port with 2 DACs, 
ADC, SHA, AMPs, & Reference 

AD7820 

8 

2 

7 

0-5 V, Ext 

8, |xP 

E, N, P, Q, R 

C, I, M 

3-357 

CMOS, 8-Bit Sampling ADC 

AD7824 

8 

2.5 

10 

0-5 V, Ext 

8, p.P 

N, Q 

C, I, M 

3-379 

CMOS, 4 Channel, 8-Bit Sampling ADC 

AD7828 

8 

2.5 

10 

0-5 V, Ext 

8, p,P 

E, N, P, Q 

C, I, M 

3-379 

CMOS, 8 Channel, 8-Bit Sampling ADC 

AD7575 

8 

5 

50 

1.23 V, Ext 

8, pP 

E, N, P, Q 

C, I, M 

3-265 

CMOS, Low Cost 

AD7579 

10 

18.5 

25 

2.5 V, Ext 

8, p,P 

E, N, P, Q 

C, I, M 

3-279 

CMOS, Low Cost 10-Bit Sampling ADC 

AD7580 

10 

18.5 

25 

2.5 V, Ext 

10, |jlP 

E, N, P, Q 

C, I, M 

3-279 

CMOS, Low Cost 10-Bit Sampling ADC 

*AD9005 

12 

0.1 

38000 

Int 

12 

M 

C, M 

3-459 

Complete 12-Bit ADC with T/H, Reference 
and Timing Circuitry 

CAV-1205 

12 

0.2 

15000 

Int 

12 

Card 

C 

3-567 

12-Bit, 5MSPS Eurocard 

MOD- 1205 

12 

0.5 

15000 

Int 

12 

Card 

C 

3-593 

12-Bit, 5MSPS Video ADC 

AD9003 

12 

1 

10000 

Int 

12 

M 

C 

3-451 

12-Bit, 1MSPS ADC, Single 40-Pin DIP 

HAS-1201 

12 

1 

2000 

Int 

12 

M 

C, M 

3-573 

12-Bit, 1MSPS ADC 

HAS-1204 

12 

2 

7000 

Int 

12 

M 

C, M 

3-583 

12-Bit 500kHz. ADC Single 40-Pin DIP 

AD678 

12 

4 

500 

5 V, Int 

8/12, p,P 

D, N, P 

C, M 

3-99 

BiMOS, High Impedance High Bandwidth 
Sampling Input, 10 V Range 

*AD1678 

12 

4 

500 

Int 

8/12, pJP 

D, N, P 

C 

3-195 

BiMOS, 12-Bit Sampling ADC, ac 
Characterized 

AD 1332 

12 

8 

125 

-5 V, Int 

12, pP 

D 

I 

9-31 

Complete 12-Bit 125kHz Sampling ADC for 
Digital Signal Processing 

AD7870 

12 

8 

500 

3 V, Int 

8/12/Serial, jjlP 

N, P, Q 

C, I, M 

3-391 

CMOS, 100kHz Throughput Rate 

AD7878 

12 

8 

500 

3 V, Int 

12, p,P 

E, N, P, Q 

C, I, M 

3-419 

CMOS, 100kHz Throughput, On-Chip FIFO 

* AD 1334 

12 

15 

235 

-5 V, Int 

12, ^P 

D 

I 

9-49 

Four Channel 65kHz 12-Bit Sampling ADC 
for Digital Signal Processing 

AD368 

12 

15 

40-1000 

6.3 V, Int 

12 

D 

I, M 

9-19 

Complete 12-Bit ADC with Programmable 
Gains of 1, 8, 64, 512 

AD369 

12 

15 

40-1000 

6.3 V, Int 

12 

M 

I 

9-19 

Complete 12-Bit ADC with Programmable 
Gains of 1, 10, 100, 500 

AD363 

12 

40 

X 

10 V, Int 

12, |JtP 

D 

C, M 

9-5 

16-Channel, 12-Bit DAS 

AD364 

12 

50 

X 

10 V, Int 

12, pP 

D 

C, M 

9-5 

High Speed, 16-Channel, 12-Bit DAS with 


Three-State Buffered Output 
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Conv 

SHA 









Time 

BW 

Reference 

Bus 






Res 

M-s 

kHz 

Volt 

Interface 

Package 

Temp 



Model 

Bits 

max 

typ 1 

Int/Ext 2 

Bits 3 

Options 4 

Range 5 

Page 

Comments 

HAS-1409 

14 

9 

200-800 

Int 

14 

M 

C 

3-587 

125kHz Word Rates; Includes T/H 

AD679 

14 

10 

500 

5 V, Int 

8, pP 

D, N, P 

C, M 

3-111 

BiMOS, High-Impedance High-Bandwidth 
Sampling Input, 10 V Input Range 

*AD1679 

14 

10 

500 

5 V, Int 

8, pP 

D, N, P 

C 

3-203 

14-Bit BiMOS Sampling ADC, ac 
Characterized 

*AD779 

14 

10 

500 

5 V, Int 

14, |jlP 

D, N 

C, M 

3-135 

BiMOS, High-Impedance High-Bandwidth 
Sampling Input, 10 V Input Range 

*AD1779 

14 

10 

500 

5 V, Int 

14, pP 

D, N 

C, M 

3-215 

14-Bit BiMOS Sampling ADC, ac 
Characterized 

*AD7871 

14 

10 

X 

3 V, Int 

8/14/Serial, pP 

N, P, Q 

C, I, M 

3-407 

CMOS, 14-Bit, 100kHz Sampling ADC 

*AD7872 

14 

12 

X 

3 V, Int 

Serial, pP 

N, Q 

C, I, M 

3-407 

CMOS, 14-Bit, Sampling ADC with 

Serial Output 

DAS 1152 

14 

40 

X 

10 V, Int 

14 

D 

I 

9-73 

14-Bit High Accuracy Sampling ADC 

DAS1157 

14 

55 

X 

10 V, Int 

14 

D 

I 

9-77 

Low Power, 14-Bit Sampling ADC 

DAS1153 

15 

50 

X 

10 V, Int 

15 

D 

I 

9-73 

15-Bit High Accuracy Sampling ADC 

DAS1158 

15 

55 

X 

10 V, Int 

15 

D 

I 

9-77 

Low Power, 15-Bit Sampling ADC 

AD1380 

16 

20 

900 

Int 

16/Serial 

D 

C 

3-183 

Low Cost, 16-Bit Sampling ADC. Operation 
Over -55°C to +85°C Temperature Range 

DAS1159 

16 

55 

X 

10 V, Int 

16 

D 

I 

9-77 

Low Power, 16-Bit Sampling ADC 


Model 

Res 

Bits 

# 

Chan 

Conv 

Time 

pS 

SHA 

BW 

kHz 

Reference 

Volt 

Int/Ext 2 

MULTIPLEXED ADCs 

Bus 

Interface Package Temp 

Bits 3 Options 4 Range 5 

Page 

Comments 

AD7824 

8 

4 

2.5 

10 

0-5 V, Ext 

8, pP 

N, Q 

C, I, M 

3-379 

CMOS, On-Chip Track-Hold 

AD7828 

8 

8 

2.5 

10 

0-5 V, Ext 

8, pP 

E, N, P, Q 

C, I, M 

3-379 

CMOS, On-Chip Track-Hold 

AD7581 

8 

8 

66.7 


-5 V— (-15 V), Ext 

8, pP 

D, N 

C,I 

3-295 

CMOS 

AD363 

12 

16 

40 


10 V, Int 

12, pP 

D 

C, M 

9-5 

High Speed, 16-Channel, 12-Bit DAS 

AD364 

12 

16 

50 


10 V, Int 

12, pP 

D 

C, M 

9-5 

16-Channel, 12-Bit DAS with Three-State Buffers 

AD7582 

12 

4 

100 


4 V-6 V, Ext 

12, pP 

D, E, N, P 

C, I, M 

3-303 

CMOS, 1LSB Total Unadjusted Error 


J X indicates that the internal SHA bandwidth is not specified in kHz. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 This column lists the data format for the bus with “fxP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, fiP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

4 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; M-Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip; R-Small 
Outline Plastic (SOIC). 

5 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 
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VIDEO ADCs 


Full 




Throughput 

Power 





Rate 

BW 

Reference 

Bus 


Res 

MSPS 

MHz 

Voltage 

Interface 

Model 

Bits 

min 

typ 

Int/Ext 2 

Bits 3 

AD9688 

4 

175 

100 

0.16-6 V, Ext 

4 

*AD9006 

6 

470 

250 (min) 

±1 V, Ext 

6, p,P 

*AD9016 

6 

470 

250 (min) 

±1 V, Ext 

6, pP 

AD9000 

6 

50 

20 

0.5-2 V, Ext 

6 

*AD9028 

8 

300 

250 

-2 V, Ext 

8 

*AD9038 

8 

300 

250 

-2 V, Ext 

Dual 8 

AD770 

8 

200 

250 

±2 V, Ext 

8 

AD9002 

8 

125 

115 

(Sm. Sig.) 

0.1— (—2.1) Ext 

8 

*AD9011 

8 

100 

80 

Int 

8 

AD9012 

8 

75 

180 

-2 V, Ext 

8 

*AD9048 

8 

35 

15 

-2 V, Ext 

Ph 

4 

00 

AD9502 

8 

13 

7.5 

Int 

8 

CAV-1040 

10 

40 

20 

Int 

10 

CAV-1040A 

10 

40 

40 

Int 

10 

CAV-1220 

12 

20 

35 

Int 

12 


Package 

Options 4 

Temp 

Range 5 

Page 

Comments 

E,Q 

I, M 

3-525 

Second Source to AM688, Overrange Bits, 

E, Z 

C, M 

3-467 

Stackable to 8 Bits 

470MSPS, 6-Bit ADC. 8.5pF Input 

E, Z 

C, M 

3-467 

Capacitance 

470MSPS, 6-Bit ADC with On-Board 

D, E 

C, M 

3-435 

Demultiplexing Circuitry 

MIL-STD-883, Rev. C, Devices Available. 

E 

C, M 

3-497 

Low Error Rate 

300 MSPS, 8-Bit ADC, Guaranteed Dynamic 

E 

C, M 

3-497 

Performance 

300 MSPS, 5-Bit ADC with On-Board 

D 

C, M 

3-123 

1:2 Demultiplexed Data Outputs 

High Bandwidth, Error Correction 

D, E 

I, M 

3-443 

Single Supply, Low Power, Low Input 

M 

C, M 

3-483 

Capacitance, MIL-STD-883, Rev. C 

Device Available 

8-Bit, 100MSPS ADC with On-Board Amp 

Q, E 

I, M 

3-489 

and Reference, Multiple Gain Selection 

TTL Compatible Outputs 

N, P, Q, Z 

C, M 

3-509 

35MSPS, 8-Bit Video ADC, 16pF Input 

M 

I 

3-517 

Capacitance 

RS-170 Video Frame Grabber. Digitizes 

Card 

C 

3-563 

RS-170, NTSC, PAL Signals 

Excellent Dynamic Performance over Frequency 

Card 

c 

3-563 

Higher Input Bandwidth Version of CAV-1040 

Card 

c 

3-569 

Fastest 12-Bit A/D Converter Available 


*X indicates that the internal SHA bandwidth is not specified in kHz. 

Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 This column lists the data format for the bus with “|xP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, p-P indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

4 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; M-Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip; 
V-Pin-Stake; Z-Ceramic Leaded Chip Carrier. 

5 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 



Orientation 

Analog-to-Digital Converters 


FACTORS IN CHOOSING AN A/D CONVERTER 

In this catalog, there are listed approximately 50 different families 
of analog- to-digital converters (ADCs). If one were to consider 
all the variations, there would be considerably more than 100 
different types to choose among. The reason for so many different 
types is the number of degrees of freedom in selection-tech- 
nological, functional, performance and package. Complete infor- 
mation on converters may be found in the 700-page book, Analog- 
Digital Conversion Handbook , published by Prentice- Hall, Inc. 

FUNCTIONAL CHARACTERISTICS 

Block diagrams illustrating the various conversion techniques 
appear on individual data sheets. 

The moderate-speed converters described in this catalog (ClMHz) 
employ two fundamental techniques - successive approximations 
for moderate-to-high resolution at moderate- to-high speed, and 
integration for high resolution at modest speeds. The AD 5 74 A 
and ADC1 130/1 131 are examples of the former, the ADI 175 the 
latter. 

Like a chemist’s balance with binary weights (1/2, 1/4, 1/8, 
etc.), the successive approximation converter compares the unknown 
input with sums of accurately-known binary fractions of full 
scale starting with the largest (2 -1 ) and rejecting any that change 
the comparator’s state (“tip the scale”). At the end of conversion 
(EOC), the output of the converter is a digital word representing 
the ratio of the input to full scale by a fractional-binary code. 

Integrating types count pulses for a period proportional to the 
input. The charge balancing integrating converter (essentially a 
voltage-to-frequency converter) measures the input signal by 
balancing a proportional current against a train of precisely 
controlled reference pulses using an integrator (ADI 170). During 
the integration phase, the input signal is measured; during the 
computation phase, the data from the first phase is processed 
and calibration factors applied. This type of converter can provide 
very high resolution and accuracy. 

The video converters described here (AD9002, CAV-1205, etc.) 
employ two basic encoding techniques: simultaneous, or flash 
conversion, and serial-Gray-Code conversion. High resolution 
and high speed are obtained by subranging i.e., by performing 
an n-bit conversion in two steps; Analog Devices has perfected a 
form of subranging known as DCS - digitally corrected subranging 
- which permits accurate resolutions of 12 bits and more.* 

In flash conversion, the analog signal is compared against 
2 n - 1 graded voltage levels using as many comparators, and the 
comparator output logic levels are processed by a priority encoder 
which converts the “thermometer” output to a binary (or Gray) 
code. Since the whole conversion occurs essentially simultaneously, 
it is the fastest means of conversion, but it requires many accurate 
comparators and large numbers of gates. 

In serial analog-parallel-digital conversion, there are a number of 
cascaded stages, each having a gain of + 2 for signals less than 
one-half the reference, and a gain of — 2 for signals between 


one-half the reference and full scale. At each stage, a decision is 
made as to whether the signal is larger (1) or smaller (0) than 
one-half the reference; the stage’s analog output becomes the 
input to the next stage. The complete time for one conversion is 
determined by the propagation delay of the analog signal through 
all stages; however, since the decision of each stage can be latched 
as soon as the stage has settled (and a new conversion can, in 
principle, be started as soon as the first bit has been latched), 
the rate at which conversions come out of the pipeline is consid- 
erably faster than the time for one sample to go through the 
conversion process. Though fast, this process is difficult to 
implement accurately for more than a few bits because of the 
compounding of gain (hence errors). 

A subranging converter digitizes to a group of more-significant 
bits and stores them in a latch. A fast, very high-accuracy D/A 
converter converts them to an analog signal which is then sub- 
tracted from the input. The difference, or residue, is amplified 
and digitized, and (in DCS) the result is combined digitally in 
such a way as to correct for midscale conversion errors. 

Whatever the technique, these A/D converters comprise several 
essential functions: an analog section, a digital data-generating 
section, data outputs and digital controls. 

Analog Section 

This section requires a reference, one or more high-gain com- 
parators, and either a D/A converter (successive approximations) 
or a controllable integrator. The reference may be internal or 
external, fixed or variable, and of a specified polarity/sense in 
relation to the analog input. In ratiometric conversion, the refer- 
ence is usually external and variable. 

In successive approximation converters, the comparator is gen- 
erally used in the current-summing mode; that is, the current 
output of the DAC is summed with the current developed in 
the DAC’s “feedback resistor” by the input voltage (of opposite 
polarity), and the balancing action of the converter tends to 
bring the summing junction towards a voltage null (much like 
that of an op amp) at the end of conversion. The typical DAC 
feedback options, when applied in an ADC, provide input-scaling 
choices. When the bipolar-offset connection is jumpered to the 
summing point, input signals of both polarities can be handled. 
The current-switching action of the DAC, at the typically fast 
clock rates used in successive approximation converters, can 
disturb the output of the analog signal source, especially if it is 
a slow high-precision op amp. In such cases, buffering may be 
necessary. 

Sample and Hold 

When an ADC without a sample and hold is used, the analog 
input must not change by more than 1/2 LSB during the con- 
version. For some applications this constraint is not a concern, 
but it limits the bandwidth of the signal that can be applied to 
the converter. A sample-and-hold circuit must be used in front 
of the ADC if increased bandwidth is required. This sample and 
hold can be external, or an integral part of the converter (e.g., 
AD7579/AD7580). 


*A considerable amount of useful information about the differences 
between video conversion and moderate-speed conversion can be found 
in the article “Very High Speed Data Acquisition,” by Ed Graves in 
Analog Dialogue 13-2, available upon request. 
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Digital Data-Generating Section 

In successive-approximation types, this section consists of a 
discrete or integrated successive-approximations register (SAR), 
its controls and inputs from the comparator and clock (which is 
on-board, but in many cases permits external clock pulses, 
frequency adjustment and/or control). In integrating types, this 
section consists of the clock-pulse generator, the counter(s), the 
input from the comparator and the associated controls. Often, 
provisions are made for the pulse train to be jumpered to the 
counter externally so that the pulse train can be operated on 
externally, or can transmit its train of pulses to a remote counter. 
In a few types there are no on-board counters or registers; the 
pulse train, magnitude, overrange and control terminals are 
intended to communicate with external counters and registers. 

Data Outputs 

Factors to consider here include coding, resolution, overrange 
information, levels, format, validity and timing. Coding is usually 
binary including jumper-connected offset-binary and/or twos 
complement for bipolar input signals. For some types, BCD is 
available with sign-magnitude for bipolar inputs. Output coding 
specs should always be checked for digital polarity (positive- or 
negative-true) of both magnitude and sign information. The 
resolution (number of output bits) must be sufficient for the 
application; in addition, the specifications must be checked to 
ascertain that not only will all 2 n (binary) output codes be present 
(no missing codes), but they must all be present at any temperature 
in the operating range and related to the input with sufficient 
accuracy. Integrating types generally have no problems with 
missing codes (except sometimes at zero, with sign-magnitude 
coding); nevertheless, nonlinear integration can cause the con- 
version relationship to become nonlinear. Successive-approxima- 
tion types have no way of determining overrange ; they simply fill 
up. However, counter types roll over and put out a carry flag to 
signal overrange. Analog Devices offers ADCs, with 4- through 
22-bit resolution, with a span of conversion times from milliseconds 
to nanoseconds. 

The data levels available at the converter output must be checked 
(TTL, low-voltage CMOS, high-voltage CMOS, ECL), as must 
the load-driving capability and fanout, and the supply conditions 
under which appropriate output levels will be furnished. The 
available choice of output formats must also be as desired - 
parallel, serial, byte-serial, and/or pulse-train. If the converter is 
intended to communicate directly with an 8-bit data bus, the 
output should have three-state capability, and parallel outputs 
must be enabled in bytes of eight or fewer lines (AD573, AD574A). 
If the output is serial, it is usually NRZ (non-return-to-zero) 
and should be accompanied by a set of synchronized 
clock-pulses. 

A status (or busy or EOC) output changes state to indicate when 
the data becomes valid. The exact nature of this transition should 
be specified - polarity, timing, levels, etc. For serial data, the 
exact relationship between the data and the synchronizing clock 
should be specified to indicate when each bit becomes valid, 
and for how long. In general, the timing of the whole conversion 
process must be clearly understood, especially if high speeds are 
necessary, either for conversion or for communication with a 
processor (or both). The timing diagrams on specification sheets 


are usually accompanied by adequate descriptions of the conversion 
process and specifications of the critical interface parameters. 

Controls 

The functions, action (levels or edges), polarity and timing of all 
control inputs and outputs should be clearly understood, as well 
as their loading characteristics and dependence on the supply. 

In addition to the essential start-conversion-command input and a 
status output, various control commands may be available, such 
as clock inhibit, high- (low-) byte enable, status enable and - for 
speeding up conversion at the cost of resolution in successive- 
approximation converters - short-cycle. 

Many ADCs are designed to interface directly to the bus of a 
computer or microprocessor. These ADCs provide the necessary 
control and handshake lines, as well as data bit registers, to 
minimize and often eliminate the required interface circuitry. 
The bus timing should be studied with respect to the timing 
provided by the ADC interface, especially as the processor 
executes a data read cycle to the ADC to retrieve the conversion 
results. Systems with higher speed clocks require either shorter 
minimum write pulse widths (such as 50ns for the AD7579/ 
AD7580) or the use of processor- wait states when the ADC is 
addressed. 

STATIC AND DYNAMIC PERFORMANCE 
SPECIFICATIONS 

All ADCs are specified using terms such as accuracy, linearity, 
offset, defined and explained below. These static, or “dc,” 
parameters are necessary and sufficient for many applications; 
they may not be sufficient for others, such as those in digital 
signal processing, adaptive filtering or waveform generation. 
Dynamic ac specifications define how the ADC performs using 
parameters such as signal-to-noise ratio (SNR), intermodulation 
distortion (IMD) and total harmonic distortion (THD). These 
specifications characterize the performance of the ADC output 
in applications where the envelope of output changes and output 
timing errors are critical. 

POWER SUPPLIES 

Appropriate power supplies should be made available considering 
the logic levels and analog input signals to be employed in the 
system. The appropriate degree of power-supply stability to 
meet the accuracy specifications should be provided. Any re- 
commended external protection circuitry should be planned for. 
In many cases, separate analog and digital grounds are required; 
ground wiring should follow best practice to minimize digital 
interference with high-accuracy analog signals while ensuring 
that a connection between grounds can always exist at one point, 
even if the “mecca” point is inadvertently unplugged from the 
system. 

APPLICATION CHECKLIST 

The designer will generally require specific information in the 
following categories before proceeding to the selection process: 

• Accurate description of input and output 

1 . Analog signal range and source or load impedance 

2. Digital code needed - binary, offset binary, 
twos complement, BCD, etc. 

3. Logic level system, i.e., TTL/DTL compatible 
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• What is the needed data throughput rate? 

• What are the control interface details? 

• What does the system error budget allow for the converter? 

• What are environmental conditions - temperature range, 
time, supply voltage - over which the converter should 
operate to the desired accuracy? 

For A/D converters, the following considerations are typical. 

• What is the analog input voltage range, and to what resolution 
must the signal be measured? 

• What is the requirement for linearity error (or relative accuracy 
error)? 

• To what extent must the various sources of error be minimized 
as environmental temperature changes? 

• How much time can be allowed in the system for each complete 
conversion? What aperture uncertainty and acquisition time 
are needed for the sample-hold? 

• How stable is the system power supply? What errors will 
result from power supply terminal voltage variations of this 
order? 

• Can the system tolerate missed codes under any conditions? 

• What is the character of the input signal? Is it noisy, sampled, 
filtered, rapidly varying, slowly varying? What kind of pre 
processing is to be (or can be) done that will affect the choice 
(and cost) of the converter? Is aliasing a potential problem? 

SPECIFICATIONS AND TERMS 

Definitions of performance specifications and related information 
are to be found on the following pages in alphabetical order.* 

Accuracy, Absolute 

The error of an A/D converter at a given output code is the 
difference between the theoretical and the actual analog input 
voltages required to produce that code. Since the code can be 
produced by any analog voltage in a finite band (see Quantizing 
Uncertainty), the “input required to produce that code” is defined 
as the midpoint of the band of inputs that will produce the 
code. For example, if 5 volts ( ± 1.2mV) will theoretically produce 
a 12-bit half-scale code of 100000000000, then a converter for 
which any voltage from 4.997V to 4.999V will produce that 
code will have absolute error of 1/2 (4.997 + 4.999) - 5 volts 
= — 2mV. 

Absolute error comprises gain error, zero error and nonlinearity, 
together with noise. Absolute-accuracy measurements should be 
made under a set of standard conditions with sources and meters 
traceable to an internationally accepted standard. 


*For video converters, there are a number of additional application- 
oriented specifications pertaining to the device’s use in a system (e.g., 
noise power ratio, differential phase, differential gain, signal-to-noise 
ratio). Some useful references for understanding such specifications 
can be found in the following publications available from Analog 
Devices, Computer Labs Division, 7910 Triad Center Drive, 
Greensboro, NC 27409. 

Kester, W.A., “PCM Signal Codecs for Video Applications,” SMPTE 
Journal, Volume 88, November 1979, pp 770-778. 

Pratt, W.J., “Test A/D Converters Digitally,” Electronic Design, 
December 6, 1975. 

Smith, B.F. and Pratt, W.J., “Understanding High-Speed A/D 
Converter Specifications,” Computer Labs, 1974. 


Accuracy, Relative 

Relative accuracy error, expressed in %, ppm or fractions of an 
LSB, is the deviation of the analog value at any code (relative to 
the full analog range of the device transfer characteristic) from 
its theoretical value (relative to the same range) after the full-scale 
range (FSR) has been calibrated. 

Since the discrete points on the theoretical transfer characteristic 
lie on a straight line, this deviation can also be interpreted as a 
measure of nonlinearity (see Linearity). 

The “discrete points” of an A/D transfer characteristic are the 
midpoints of the quantization bands at each code (see Accuracy, 
Absolute). 

Aperture Time 

This is the interval between the application of the hold command 
to a sample/track-hold and the actual opening of the switch. 

The aperture time consists of a delay (which depends on the 
logic and the switching device - 5ns for HTS-0025) and an 
uncertainty (due to jitter - 20ps max rms for HTS-0025). When 
a sample-hold is used in an application where timing is critical, 
the timing of the hold command can be advanced to compensate 
for the known component of aperture delay. The jitter, however, 
imposes the ultimate limitation on timing accuracy. When a 
sample-hold is used with an ADC, the timing uncertainty of the 
conversion process is reduced by the ratio of aperture jitter to 
the conversion time, i.e., the maximum frequency which can be 
handled with less than 1LSB error due to timing is 2" n /(it t 3U ) 
instead of 2 -i V(tt t c ), where t 3U is the aperture uncertainty and t c 
is the conversion time. 

Common-Mode Rejection (CMR) 

The ability of a device to reject the effect of voltage applied to 
both input terminals simultaneously. Usually expressed as the 
log of a “common-mode rejection ratio,” e.g., 1,000,000:1 
(CMRR) or 120dB (CMR). A CMRR of 1,000,000 to 1 means 
that a IV common-mode voltage passes through the amplifier as 
though it were a differential signal of one microvolt at the 
input. 

Conformance, Straight-Line 

This indicates how closely the ADC transfer characteristic con- 
forms to a reference straight line. This straight-line conformance 
is critical in DSP applications where deviations from a straight 
line are seen as distortion, while gain and offset errors are not as 
serious. The straight-line conformance error is measured from 
the center of each code to the best-fit straight line. 

Conversion Time and Conversion Rate 

The time required for a complete measurement by an ADC is 
called conversion time. For most converters (assuming no significant 
additional systemic delays), this is identical to the inverse of 
conversion rate. However, in some high-speed converters, because 
of pipelining, new conversions are initiated before the results of 
prior conversions have been determined; thus, for example, the 
CAV-1250 can provide 12-bit output data at a 3.85MHz word 
rate (260ns/con version), even though the time for any one con- 
version, from start to finish, is two 280ns encode periods plus 
195ns, or 755ns at 3.85MHz. 
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Dual-Slope Converter 

An integrating analog-to-digital converter in which the unknown 
signal is converted to a proportional time interval, which is then 
measured digitally. This is done by integrating the unknown for 
a predetermined time. Then a reference input is switched to the 
integrator and integrates “down” from the level determined by 
the unknown until a “zero” level is reached. The time for the 
second integration process is proportional to the average of the 
unknown signal level over the predetermined integrating period. 
A digital time-interval meter (i.e., counter) is generally used as 
the output indicator. 


INTEGRATOR 

OUTPUT 



Feedthrough 

Undesirable signal coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e.g., 
feedthrough error in a multiplexer. It is variously specified in %, 
ppm, fractions of 1LSB, or fractions of 1 volt, with a given set 
of inputs at a specified frequency. 

“Flash” Converter 

A converter in which all the bit choices are made at the same 
time. It requires 2 n - 1 voltage-divider taps and comparators, 
and a comparable amount of priority encoding logic. An extremely 
fast scheme, it requires large numbers of precision components. 
Flash converters are often used for partial conversions in subranging 
converters. 


Full-Scale Error 

The ideal difference between the first transition voltage and last 
transition voltage for an ADC is (F.S. -2LSB). Full-Scale 
Error is defined as the deviation between this ideal difference 
and the measured difference. 


Gain Adjustment 

The “gain” of a converter is that analog scale factor setting that 
provides the nominal conversion relationship, e.g., 10V full 
scale in a fixed-reference converter, or 100% of full scale in a 
ratiometric converter. Gain- and zero-adjustment principles are 
discussed under zero. 


Harmonic Distortion (and Total Harmonic Distortion) 

The ADC is driven by a spectrally pure, analog sine wave from 
a signal generator. The ADC outputs are analyzed via FFT and 
the ratio of the rms sum of the harmonics of the ADC output to 
the fundamental value is the THD. Usually, only the lower 
order harmonics are included, such as second through fifth: 

(V 2 2 + v 3 2 + v 4 2 + v 5 2 ) 1/2 


THD = 20 log - 


V, 


where Vi is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 and V5 are the rms amplitudes of the individual harmonics. 


Intermodulation Distortion 

The ADC is driven by an analog signal source producing two 
combined sine waves of frequencies f a and f b . As with any im- 
perfectly linear device, distortion products (of order m + n) are 
produced at sum and difference frequencies of mf a ± nf b where 
m, n = 0, 1, 2, 3 ... by the ADC. Intermodulation terms are 
those for which m or n is not equal to zero. The second order 
terms include (f a + f b ), and f a -f b ), and the third order terms are 
(2f a + f b ), (2f a -f b ), (f a + 2f b ) and (f a -2f b ). The ADC outputs are 
analyzed by FFT. IMD is defined as: 

T „ ^ ™ , (rms sum of the sum and difference distortion products) 

IMD = 20 log 1 — — z 

rms amplitude of the fundamental 

Least Significant Bit (LSB) 

In a system in which a numerical magnitude is represented by a 
series of binary (i.e., two- valued) digits, the “least significant 
bit” is that digit (or “bit”) that carries the smallest value or 
weight. For example, in the natural binary number 1101 (decimal 
13, or 2 3 + 2 2 4- 0 + 2°), the rightmost “1” is the LSB. Its 
analog weight, relative to full scale, is 2~ n , where n is the number 
of binary digits. It represents the smallest change that can be 
resolved by an n-bit converter. 

Linearity Error 

Linearity error of a converter, expressed in percent or parts-per- 
million of full-scale range, or fractions of a least-significant bit, 
is the deviation of the analog values from a straight line, in a 
plot of the measured conversion relationship. The straight line 
can be either a “best straight line,” determined empirically by 
manipulation of the gain and/or offset to equalize maximum 
positive and negative deviations of the actual transfer characteristic 
from this straight line; or it can be a straight line passing through 
the end points of the transfer characteristic after they have been 
calibrated. Sometimes referred to as “end-point” nonlinearity, 
the latter is both a more conservative measure and is much 
easier to verify in actual practice. “End-point” nonlinearity is 
similar to relative accuracy error (see Accuracy, Relative). Linearity 
has two components - differential and integral nonlinearity. 

Linearity, Differential and Integral 

A digital output code should correspond to a quantum of analog 
input values exactly 1LSB in width (2“ n of full scale, for an 
n-bit converter). Any deviation of the measured “step” from the 
ideal width is called Differential Nonlinearity. It is an important 
specification, because a differential nonlinearity error greater 
than 1LSB can lead to nonmonotonic behavior of a D/A converter 
and missed codes in an A/D converter employing such a DAC. 

A flagrant example of differential nonlinearity is shown here. 

DIGITAL 
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In the illustration, the horizontal bars represent the measured 
DAC output values corresponding to six adjacent digital codes. 
The DAC is nonlinear in that the next least-significant bit (XX010) 
is 1 1/2LSB too large. Thus, instead of the five quanta, or steps, 
being all equal ( = 1LSB), quantum 2 is 2 1/2LSB and quantum 
4 is — 1/2LSB. The differential linearity error, the difference 
between the actual quantum width and the ideal 1LSB, is 1 1/ 
2LSB for quantum 2 and - 1 1/2LSB for 
quantum 4. 

When this DAC is used in successive-approximations conversion, 
it will lead to a missed code. Analog inputs slightly larger than 
the value of XX 100 will be converted to XX 100, and analog 
inputs slightly less than the value of XX 100 will be converted to 
XX010. The code XX011 will not exist; it will be a missed code. 

Often, instead of a maximum differential nonlinearity specification, 
there will be a simple specification of “no missed codes” which 
implies a differential nonlinearity less than 1LSB. 

While differential nonlinearity deals with errors in step size, 
integral nonlinearity has to do with deviations of the overall shape 
of the conversion response. Even converters that are not subject 
to differential linearity errors (e.g., integrating types) have integral 
linearity (sometimes just “linearity”) errors. 

Power-Supply Sensitivity 

The sensitivity of a converter to dc changes in power-supply 
voltages is normally expressed in terms of percentage change in 
analog input value (or fractions of the analog equivalent of 1LSB), 
corresponding to a given code for a 1% dc change in the power 
supply, e.g., 0.05%/%AV s . Power-supply sensitivity may also be 
expressed in relation to a specified dc shift of the supply voltage. 
High-accuracy ADCs intended for battery operation require 
excellent rejection of large supply variations. 

Quad-Slope Converter 

This is an integrating analog-to-digital converter that goes through 
two cycles of dual-slope conversion, once with zero input and 
once with the analog input being measured. The errors determined 
during the first cycle are subtracted digitally from the result in 
the second cycle. The scheme results in an extremely accurate 
converter. 

Quantizing Uncertainty (or “Error”) 

The analog continuum is partitioned into 2 n discrete ranges for 
n-bit conversion. All analog values within a given range are 
represented by the same digital code usually assigned to the 
nominal midrange value. There is, therefore, an inherent quan- 
tization uncertainty of ± 1/2LSB, in addition to the actual con- 
version errors. In integrating converters, this “error” is often 
expressed as “± 1 count.” 

Ratiometric Converter 

The output of an A/D converter is a digital number proportional 
to the ratio of (some measure of) the input to a. reference. Most 
requirements for conversions call for an absolute measurement, 
i.e., against a fixed reference. In some cases, where the meas- 
urement is affected by a changing reference voltage (e.g., the 
voltage applied to a bridge), it is advantageous to use that same 
reference as the reference for the conversion, to eliminate the 
effect of variation. Ratiometric conversion can also serve as a 
substitute for analog signal division (where the denominator 
changes but little during the conversion). 


Signal-to-Noise Ratio 

Signal-to-Noise Ratio (SNR) is measured signal to noise at the 
output of the ADC. The signal is the rms magnitude of the 
fundamental. Noise is the rms sum of all nonfundamental signals 
up to half the sampling frequency. SNR is dependent on the 
number of quantization levels used in the digitization process; 
the more levels, the smaller the quantization noise. The theoretical 
SNR for a sine- wave input is given by: 

SNR = (6.02N + 1.76) dB, 

where N is the number of bits in the ADC. Thus for an ideal 
10-bit ADC, SNR = 62dB. 

Slew Rate 

Slew rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. 

Stability 

Stability of a converter usually applies to the insensitivity of its 
characteristics with time, temperature, etc. All measurements of 
stability are difficult and time consuming, but stability vs. tem- 
perature is sufficiently critical in most applications to warrant 
universal inclusion in tables of specifications (see “Temperature 
Coefficients”). 

Subranging Converters 

In this type of converter, an extremely fast conversion produces 
the most significant portion of the output word. This portion is 
converted back to analog with a fast high-accuracy D/A converter 
and subtracted from the input. The resulting residue is converted 
to digital at high speed and combined with the results of the 
earlier conversion to form the output word. In digitally corrected 
subranging (DCS), the two bytes are combined in a manner that 
corrects for the error of the LSB of the most significant byte. 
For example, using 8-bit and 5-bit conversion, and this proprietary 
technique, a full-accuracy high-speed 12-bit converter can be 
built. 

Successive Approximations 

Successive approximations is a high-speed method of comparing 
an unknown against a group of weighted references. The operation 
of a successive approximations A/D converter is generally similar 
to the orderly weighing of an unknown quantity on a precision 
chemical balance using a set of weights such as: 1 gram, 1/2 
gram, 1/4 gram, 1/8 gram, 1/16 gram, etc. The weights are tried 
in order, starting with the largest. Any weight that tips the scale 
is removed. At the end of the process, the sum of the weights 
remaining on the scale will be within 1LSB of the actual weight 
(± 1/2LSB, if the scale is properly biased - see zero). 

Temperature Coefficients 

In general, temperature instabilities are expressed in %/°C, 
ppm/°C, as fractions of 1LSB/°C, or as a change in a parameter 
over a specified temperature range. Measurements are usually 
made at room temperature and at the extremes of the specified 
range, and the temperature coefficient (tempco, T.C.) is defined 
as the change in the parameter divided by the corresponding 
temperature change. Parameters of interest include, gain, linearity , 
offset (bipolar) and zero. The last three are expressed in % or 
ppm of full-scale range per Celsius degree. 
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Gain Tempco: Two factors principally affect converter gain in- 
stability with temperature: 

1. In fixed-reference converters, the reference source will vary 
with temperature. For example, the tempco of an AD581L is 
typically 5ppm/°C. 

2. The ratiometric circuitry has a sensitivity to temperature. 

Linearity Tempco: Sensitivity of linearity to temperature over the 
specified range. To avoid missed codes, it is sufficient that the 
differential nonlinearity error be less than 1LSB at any temperature 
in the range of interest. The differential nonlinearity temperature 
coefficient may be expressed as a ratio, as a maximum change 
over a specified temperature range, and/or implied by a statement 
that there are no missed codes when operating within a specified 
temperature range. 

Offset Tempco: The temperature coefficient of the all-DAC- 
switches-off (minus full-scale) point, of a bipolar successive- 
approximations converter, is dependent on three variables: 

1 . The tempco of the reference source 

2. The voltage stability of the input buffer and the comparator 

3. The tracking capability of the bipolar-offset resistors and the 
gain resistors. 

Unipolar Zero: The zero tempco of an ADC is dependent only 
on the zero stability of the integrator and/or the input buffer 
and the comparator. It may be expressed in jxV/°C, or in percent 
or ppm of full-scale per degree C. 


Zero- and Gain-Adjustment Principles 

The zero adjustment of a unipolar ADC is set so that the transition 
from all-bits-off to LSB-on occurs at 1/2 x 2~ n of nominal full 
scale. The gain is set for the final transition to all-bits-on to 
occur at F.S. (1 -3/2 x 2 -n ). The “zero” of an offset-binary 
bipolar ADC is set so that the first transition occurs at -F.S. 

(1 — 2 -n ) and the last transition at + F.S. (l-3x 2~ n ). The data 
sheet instructions should be followed. 



Zero Code Error 

This is a measure of the difference between the ideal (0.5LSB) 
and the actual differential analog input level required to produce 
the first positive LSB code to transition (00 . . . 00 to 
00 . . . 01 ). 
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ANALOG 

DEVICES 



8- and 10-Bit 
Analog-to-Digital Converters 



FEATURES 

Complete A/D Converters with Reference and Clock 
AD570: 8 Bit 
AD571 : 10 Bit 

Fast Successive Approximation Conversion - 25ps 

No Missing Codes Over Temperature 

Digital Multiplexing - 3 State Outputs 

18-Pin Ceramic DIP 

Low Cost Monolithic Construction 


PRODUCT DESCRIPTIONS 

The AD570/AD571 are successive approximation A/D converters 
consisting of a DAC, voltage reference, clock, comparator, 
successive approximation register and output buffers - all fabri- 
cated on a single chip. No external components are required to 
perform full accuracy conversions in 25|jls. 

The AD570/AD571 incorporate advanced integrated circuit 
design and processing technologies. They employ I 2 L (integrated 
logic) processing in the fabrication of the SAR function. Laser 
trimming of the high stability SiCr thin-film resistor ladder 
network insures high accuracy, which is maintained with a 
temperature compensated, subsurface Zener reference. 

Operating on supplies of + 5V to -I- 15V and - 15V, the AD570/ 
AD571 will accept analog inputs of 0 to 4- 10V, unipolar or 
± 5V bipolar, externally selectable. As the BLANK and CON- 
VERT input is driven low, the three-state outputs will be open 
and a conve rsion will comme nce. Upon completion of the con- 
version, the DATA READY line will go low and the data will 
appear at the output. Pulling the BLANK and CONVERT high 
blanks the outputs and readies the device for the next 
conversion. 

The devices are available in two versions: the “J” and “K” 
specified for the 0 to +70°C temperature range. The “S” guaran- 
tees the specified accuracy and no missing codes from - 55°C to 
+ 125°C. 

^Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,349. 




PRODUCT HIGHLIGHTS 

1. The AD571 is a complete 10-bit A/D converter. The AD570 
is an 8-bit version which employs the same architecture. No 
external components are required to perform a conversion. 

2. The AD570/AD571 are single chip devices employing advanced 
IC processing techniques. Thus, the user has at his disposal 

a truly precision component with the reliability and low cost 
inherent in monolithic construction. 

3. The converters accept either unipolar (0 to + 10V) or bipolar 
( — 5 V to + 5 V) analog inputs by simply grounding or opening 
a single pin. 

4. Each device offers the specified accuracy with no missing 
codes over its entire operating temperature range. 

5. Operation is guaranteed with - 15V and +5V to + 15V 
supplies. The devices will also operate with a - 12V supply. 


ANALOG-TO-DIGITAL CONVERTERS 3-15 





CDEOiriP ATIflMQ ^ A= + v+ = + 5V > v “ - —12V or -15V, all voltages measured with respect to digital common, 
OiLu III UH 1 1 UNO unless otherwise indicated) 



AD570J 

AD570S 


Model 

Min Typ Max 

Min Typ Max 

Units 

RESOLUTION 1 

8 

8 

Bits 

RELATIVE ACCURACY 




Tmin 10 T max 

±1/2 

±1/2 


FULL-SCALE CALIBRATION 

±2 

±2 

LSB 

UNIPOLAR OFFSET 

±1/2 

±1/2 

LSB 

BIPOLAR ZERO 

±1/2 

±1/2 

LSB 

DIFFERENTIAL NONLINEARITY 




Tmin 10 T max 

8 

8 

Bits 

TEMPERATURE RANGE 

0 +70 

-55 +125 

°C 

TEMPERATURE COEFFICIENTS 




Unipolar Offset 

±1 

±1 

LSB 

Bipolar Offset 

±1 

±1 

LSB 

Full-Scale Calibration 

±2 

±2 

LSB 

POWER SUPPLY REJECTION 




CMOS Positive Supply 




+ 13.5V<V + < + 16.5V 

- 

- 

LSB 

TTL Positive Supply 




+ 4.5V<V+< + 5.5V 

±2 

±2 

LSB 

Negative Supply 




-16.0V<V-<- 13.5V 

±2 

±2 

LSB 

ANALOG INPUT IMPEDANCE 

3.0 5.0 7.0 

3.0 5.0 7.0 

kft 

ANALOG INPUT RANGES 




Unipolar 

0 +10 

0 +10 

V 

Bipolar 

-5 +5 

l 

+ 

V 

OUTPUT CODING 




Unipolar 

Positive True Binary 

Positive True Binary 


Bipolar 

Positive True Offset Binary 

Positive True Offset Binary 


LOGIC OUTPUT 




Output Sink Current 




(Vout = 0.4V max, Tmi n to T max ) 

3.2 

3.2 

mA 

Output Source Current 




(Vout = 2.4V max, T min to T max ) 

0.5 

0.5 

mA 

Output Leakage 

±40 

±40 

|xA 

LOGIC INPUTS 




Input Current 

±100 

±100 

jxA 

Logic “1” 

2.0 

2.0 

V 

Logic “0” 

0.8 

0.8 

V 

CONVERSION TIME 




Tmin tO T max 

15 25 40 

15 25 40 

|xs 

POWER SUPPLY 




V + 

+ 4.5 +5.0 +7.0 

+ 4.5 +5.0 +7.0 

V 

V- 

-12.0 -15 -16.5 

-12.0 -15 -16.5 

V 

OPERATING CURRENT 




V + 

7 10 

7 10 

mA 

V- 

9 15 

9 15 

mA 

PACKAGE OPTION 2 




Ceramic (D- 18) 

AD570JD 

AD579SD 



NOTES 

'The AD570 is a selected version of the AD571 10-bit A-to-D converter. Only TTL logic inputs should be connected to Pins 1 and 18 
(or no Connection made) or damage may result. 

2 See Section 13 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD570/AD571 



AD571J 

AD571K 

AD571S 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

RESOLUTION 

10 

10 

10 

Bits 

RELATIVE ACCURACY, T A 

±1 

±1/2 

■Ha 

LSB 

T m in tO T max 

±1 

±1/2 


LSB 

FULL-SCALE CALIBRATION 

±2 

±2 

±2 

LSB 

UNIPOLAR OFFSET 

±1 

±1/2 

±1 

LSB 

BIPOLAR ZERO 

±1 

±1/2 

±1 

LSB 

DIFFERENTIAL NONLINEARITY, T A 

10 

10 

10 

Bits 

T min toT max 

9 

10 

10 

Bits 

TEMPERATURE RANGE 

0 +70 

0 +70 

-55 I 125 

°C 

TEMPERATURE COEFFICIENTS 





Unipolar Offset 

±2 

±1 

±2 

LSB 

Bipolar Offset 

±2 

±1 

±2 

LSB 

Full-Scale Calibration 

±4 

±2 

±5 

LSB 

POWER SUPPLY REJECTION 





CMOS Positive Supply 





+ 13.5V<V + < + 16.5V 

- 

±1 

- 

LSB 

TTL Positive Supply 





+ 4.5V<V + < + 5.5 V 

±2 

±1 

±2 

LSB 

Negative Supply 





- 16.0V<V-<- 13.5V 

±2 

±1 

±2 

LSB 

ANALOG INPUT IMPEDANCE 

3.0 5.0 7.0 

3.0 5.0 7.0 

3.0 5.0 7.0 

k n 

ANALOG INPUT RANGES 





Unipolar 

0 +10 

0 +10 

0 1 10 

V 

Bipolar 

-5 +5 

-5 +5 

- 5 +5 

V 

OUTPUT CODING 





Unipolar 

Positive True Binary 

Positive True Binary 

Positive T rue Binary 


Bipolar 

Positive True Offset Binary 

Positive True Offset Binary 

Positive True Offset Binary 


LOGIC OUTPUT 





Output Sink Current 





(Vout = 0.4V max, T min to T max ) 

3.2 

3.2 

3.2 

mA 

Output Source Current 1 





(Vout = 2.4V max, T min to T max ) 

0.5 

0.5 

0.5 

mA 

Output Leakage 

±40 

1+ 

s 

±40 

... . . 

pA 

LOGIC INPUTS 





Input Current 

±100 

±100 

±100 

pA 

Logic “1” 

2.0 

2.0 

2.0 

V 

Logic “0” 

0.8 

0.8 

0.8 

V 

CONVERSION TIME 





T m in tO T max 

15 25 40 

15 25 40 

15 25 40 

ps 

POWER SUPPLY 





V + 

+ 4.5 +5.0 +7.0 

+ 4.5 +5.0 +16.5 

+ 4.5 +5.0 +7.0 

v 

V- 

-12.0 -15 -16.5 

-12.0 -15 -16.5 

-12.0 -15 -16.5 

V 

OPERATING CURRENT 





V + 

7 10 

7 10 

7 10 

mA 

V- 

9 15 

9 15 

9 15 

mA 

PACKAGE OPTION 2 





Ceramic (D- 18) 

AD571JD 

AD571KD 

AD571SD 



NOTES 

‘The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 
a nominal 6kO internal pull-up resistor. 

2 See Section 14 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS 


CHIP BONDING DIAGRAM 


V+ to Digital Common AD570J, S/AD571J, S . . 0 to +7V 

AD571K 0 to + 16.5V 

V— to Digital Common 0 to - 16.0V 

Analog Common to Digital Common ±1V 

Analog Input to Analog Common ± 15V 

Control Inputs 0 to V + 

Digital Outputs (Blank Mode) 0 to V 4 - 

Power Dissipation 800mW 



•AD571 ONLY. 


CIRCUIT DESCRIPTION 

The AD571 is a complete 10-bit A/D converter which requires 
no external components to provide the complete successive 
approximation analog- to-digital conversion function. The AD570 
is an 8-bit version. A functional block dia gram of the AD570/ 
AD571 is shown below. Upon receipt of the CONVERT command, 
the internal 10-bit (AD571) current output DAC is sequenced 
by the I 2 L successive approximation register (SAR) from its 
most-significant bit (MSB) to least-significiant bit (LSB) to 
provide an output current which accurately balances the input 
signal current through the 5kD input resistor. The comparator 
determines whether the addition of each successively weighted 
bit current causes the DAC current sum to be greater or less 
than the input current. If the sum is less, the bit is left on; if 
more, the bit is turned off. After testing all the bits, the SAR 
contains a 10-bit binary code which accurately represents the 
input signal to within ± 1/2LSB (0.05%). 

Upon co mpletion of the sequences, the SAR sends out a DATA 
READY signal (active low), which also brings the three-state 
buffers out of their “open” state, making the bit output lines 
become active high or low, depending on the code in the SAR. 
When the BLANK and CONVERT line is brought high, the 
output buffers again go “open”, and the SAR is prepared for 
another conversion cycle. Details of the timing are given further 
on. 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows a positive bipolar offset 
current to be injected into the summing ( + ) node of the comparator 
to offset the DAC output. The nominal 0 to + 10V unipolar 
input range now becomes a - 5V to + 5V range. The 5k fl thin- 
film input resistor is trimmed so that with a full-scale input" 
signal, an input current will be generated which exactly matches 
the DAC output with all bits on. (The input resistor is trimmed 
slightly low to facilitate user trimming, as discussed on the next 
page.) 

POWER SUPPLY SELECTION 

The AD570/AD571 are designed for optimum performance 
using a +5V and - 15V supply, for which the J and S grades 
are specified. AD571K will also operate with up to a + 15V 
supply, which allows direct interface to CMOS logic. 


DIGITAL BLA NK & 

V + V- COMMON CONVERT CONTROL 



CONNECTING THE AD570/AD571 FOR STANDARD 
OPERATION 

The AD570/AD571 contain all the active components required 
to perform a complete A/D conversion. Thus, for most situations 
all that is necessary is connection of the power supply ( + 5 and 
— 15), the analog input, and the conversion start pulse. The 
functional pin outs are shown below. 


-E 

- PIN 

w IDENTIFIER 

™T| NC 

BIT 9pi~ 

• PIN 1 

IDENTIFIER 

~jsT| BIT 10 LSB 

BIT 8 |T 


17|B5TA R£ aOY~ 

BIT8[T 


TTJbSTA FfPBV 

BIT 7 [T 


~I6~| DIGITAL COM 

BIT 7 [T 


*16*| DIGITAL COM 

BIT 6 [T 

AD 570 

tiT) BIPOLAR OFF 

BIT 6 [T 

AD571 

js] BIPOLAR OFF 

b,ts[7 

TOP VIEW 
(Not to Scale) 

7T| ANALOG COM 

BIT 5 |T 

TOP VIEW 
(Not to Scale) 

~h] ANALOG COM 

BIT4[~6~ 


T| ANALOG IN 

BIT 4 [T 


~13~| ANALOG IN 

BIT 3 £T 


7T| V EE 

BIT 3 [T* 


TT] Vg£ 

BIT2j~8~ 


TlJ BLK 8. K5W. 

BIT 2 [T 


7i~|blk&C&nv. 

MSB BIT 1 [IT 


jp] V cc 

MSB BIT 1 [T 


jo] V cc 


NC = NO CONNECT 


AD570 Pin Connections AD571 Pin Connections 
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Applying the AD570/AD571 


FULL-SCALE CALIBRATION 

The 5kfl thin-film input resistor is laser trimmed to produce a 
current which matches the full-scale current of the internal 
DAC when a full-scale analog input voltage of 10 volts - 1LSB 
is applied at the input. The input resistor is trimmed in this 
way so that if a fine-trimming potentiometer is inserted in series 
with the input signal, the input current at the full-scale input 
voltage can be trimmed down to match the DAC full-scale current 
as precisely as desired. However, for many applications the 
nominal 9.990 (9.961 for the AD570) volt full scale can be achieved 
to sufficient accuracy by simply inserting a 15fl resistor in series 
with the analog input to Pin 13. Typical full-scale calibration 
error will then be about ±2LSB. If the more precise calibration 
is desired, a trimmer should be used instead. A 5012 potentiometer 
should be used with the AD571 and a 20011 with the AD570. 

Set the analog input at full scale and set the trimmer so that the 
output code is just at the transition between 1111111110 and 
1111111111. Each LSB will then have a weight of 10V/2 N (where 
N = number of bits). 

BIPOLAR OPERATION 

The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator summing node, giving a — 5V to +5V range with 
an offset binary code. The bipolar offset control input is not 
directly TTL compatible, but a TTL interface for logic control 
can be constructed as shown in Figure 1 . 


+5V 



Figure 1. Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar ±5 V Input Range 

COMMON-MODE RANGE 

The AD570/AD571 provide separate analog and digital common 
connections. The circuit will operate properly with as much as 
±200mV of common-mode range between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog return. 

In normal operation the analog common terminal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into analog common in 
the unipolar mode after a conversion is complete. An additional 
1mA will flow in during a blank interval with zero analog input. 


The analog common current will be modulated by the variations 
in input signal. 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. We recommend the connection of a parallel pair of 
back-to-back protection diodes between the commons if they are 
not connected locally. 

ZERO OFFSET 

The apparent zero point of the AD570/AD571 can be adjusted 
by inserting an offset voltage between the analog common of the 
device and the actual signal return or signal common. Figure 2 
illustrates two methods of providing this offset for the AD571. 
Figure 2a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 



R2 1011 2.711 


ZERO OFFSET ADJ % BIT ZERO OFFSET 

±3 BIT RANGE 

Figure 2a. Figure 2b. 


Figure 3 shows the nominal transfer curve near zero for an 
AD571 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. This offset 
can easily be accomplished as shown in Figure 2b. At balance 
(after a conversion) approximately 2mA flows into the analog 
common terminal. A 2.7 Cl resistor in series with this terminal 
will result in approximately the desired 1/2 bit offset of the 
transfer characteristics. The nominal 2mA analog common current 
is not closely controlled in manufacture. If high accuracy is 
required, a 511 potentiometer (connected as a rheostat) can be 
used as Rl. Additional negative offset range may be obtained by 
using larger values of Rl. Of course, if the zero transition point 
is changed, the full-scale transition point will also move. Thus, 
if an offset of 1/2LSB is introduced, full-scale trimming as pre- 
viously described should be done with an analog input of 9.985 
volts. 

NOTE: During a conversion transient currents from the analog 
common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle as appropriate during a conversion. Capacitive 
decoupling will “pump up” and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 
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NOMINAL CHARACTERISTICS OFFSET CHARACTERISTICS WITH 

REFERRED TO ANALOG COMMON 2.7S2 IN SERIES WITH ANALOG COMMON 


Figure 3. AD571 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights— 9. 755m V) 


PULSE BLANKS 
DATA OUTPUTS 



BIPOLAR CONNECTION 

To obtain the bipolar - 5V to + 5V range with an offset binary 
output code the bipolar offset control pin is left open. 

A -5.0 volt signal will give a 10-bit code of 00000000 00; an 
input of 0.00 volts results in an output code of 10000000 00 and 
+ 4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve for the AD571 is shown in Figure 4. 

The MSB transition for both the AD570 and the AD571 occurs 
at a -4.88mV input. 



INPUT VOLTAGE - mV 

Figure 4. AD571 Transfer Curve - Bipolar Operation 

CONTROL AND TIMING OF THE AD570/AD571 

There are several important timing and control features on the 
AD570/AD571 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of control 
systems. All of these features are shown in the timing diagram 
in Figure 5. 

The normal standby situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line i s held 
high , the output lines will be “open”, and the DATA READY 
(DR) line will be high. This mode is the lowest power state of 
the device (typically 150mW). When the (B & C) line is brought 
low, the conversion cycle is initiated; but the DR and data lines 
do not change state. Whe n the conversion cycle is complete 
(typically 25|xs), the DR line goes low, and within 500ns, the 
data lines become active with the new data. 

About 1.5|xs after the B & C line is again brought high, the DR 
will go high and the data lines will go open. When the B & C 
line is again brought low, a new conversion will begin. The 
minimum pulse width for the B & C line to blank previous data 
and start a new conversion is 2|xs. If the the B & C line is br ough t 
high during a conversion, the conversion will stop, and the DR 
and data lines will not change. If a 2jxs or longer pulse is applied 
to the B & C line during a conversion, the converter will clear 
and start a new conversion cycle. 


CONTROL MODES WITH BLANK AND CONVERT 

The timing sequence of the AD570/AD571 discussed above 
allows the devices to be easily operated in a variety of systems 
with differing control modes. The two most common control 
modes, the convert pulse mode and the multiplex mode, are 
illustrated here. 

Convert Pulse Mode - In this mode, data is present at the output 
of the converter at all times except when conversion is taking 
plac e. Figure 6 i llustrates the timing of this mode. The BLANK 
and CONVERT line is normally low and conversions are triggered 
by a positive pulse. 

Multiplex Mode - In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 7. 

This operating mode allows multiple con verters to drive common 
data lines. All BLANK and CONVERT lines are held high to 
kee p the outputs blanked. A single AD571 is selected, its BLANK 
and CONVERT line i s driven low and at the end of conversion, 
which is indicated by DATA READY going low, the conversion 
result will be present at the outputs. W hen this data has been 
read from the 10-bit bus, BLANK and CONVERT is restored 
to the blank mode to clear the data bus for other converters. 
When several converters are multiplexed in sequence, a new 
conversion may be started in one AD570/AD571 while data is 
being read from another. As long as the data is read and the 
first AD570/AD571 is cleared within 15|uls after the start of 
conversion of the second AD570/AD571, no data overlap will 
occur. 


B&C 


DR 



CONVERT 

INTERVAL 


OUTPUTS 


PREVIOUS 

DATA 


38 


,blankV 


NEW 

DATA 


Figure 6. Convert Pulse Mode 

( CONVERSION 
STARTS 


DR 


CONVERSION 



END DATA 
READOUT 


X' 


READ OUT DATA 




Figure 7. Multiplex Mode 
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ANALOG 

DEVICES 


12-Bit Successive Approximation 
Integrated Circuit A/D Converter 


AD572 


FEATURES 

Performance 

True 12-Bit Operation: Max Nonlinearity < ±0.012% 

Low Gain T.C.: < ±15ppm/°C (AD572B) 

Low Power: 900mW 

Fast Conversion Time: < 25jus 

Monotonic Feedback DAC Guarantees No Missing Codes 
MIL-STD-883B Processing Available 

Versatility 

Aerospace Temperature Range: 

-55° C to +125°C (AD572S) 

Positive-True Serial or Parallel Logic Outputs 
Short-Cycle Capability 

Value 

Precision +10V Reference for External Application 
Internal Buffer Amplifier 
High Reliability Package 

GENERAL DESCRIPTION 

The AD572 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, 
reference, comparator, and buffer amplifier. Its hybrid IC 
design utilizes MSI digital and linear monolithic chips and 
active laser trimming of high-stability thin-film resistors to 
provide superior performance, flexibility and ease of use, 
combined with IC size, price, and reliability. 

Important performance characteristics of the AD572 include 
a maximum linearity error at 25 C of ±0.012%, gain T.C. 
below 15ppm/°C, typical power dissipation of 900mW, and 
conversion time of less than 25/is. Of considerable significance 
in aerospace applications is the guaranteed performance from 
-55°C to +125 C of the AD572S. Monotonic operation of 
the feedback D/A converter guarantees no missing output 
codes over temperature ranges of 0 to +70°C, -25°C to +85°C, 
and -55°C to +125°C. 

The design of the AD 5 72 includes scaling resistors that 
provide analog input signal ranges of ±2.5, ±5.0, ±10, 0 to 


AD572 FUNCTIONAL BLOCK DIAGRAM 
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+5, or 0 to +10 volts. Adding flexibility and value are the 
+ 10V precision reference, which also can be used for external 
applications, and the input buffer amplifier. All digital signals 
are fully DTL and TTL compatible, and the data output is 
positive-true and available in either serial or parallel form. 

The AD 5 72 is available in three versions with differing guaran- 
teed performance characteristics and operating temperature 
ranges; the “A” and “B” are specified from -25°C to +85°C, 
and the “S” from -55°C to +125°C. 

PRODUCT DESCRIPTION 

The AD572 functional diagram and pin-out are shown in 
Figure 1. The device consists of the following monolithic 
bipolar circuit elements: 

1. 12-bit successive-approximation register 

2. 12-bit DAC 

3. low-drift comparator 

4. temperature-compensated precision +10V reference 

5. high-impedance buffer follower 

6. gated clock and digital control circuits 


AD572 ORDERING GUIDE 


Model 

Specification 

Temp Range 

Max 

Gain T.C. 

Max 

Reference T.C. 

Guaranteed Temp Range 
No Missing Codes 

Package 

Option* 

AD 5 72 AD 

-25°C to +85°C 

±30ppm/°C 

±20ppm/°C 

0 to +70° C 

DH-32C 

AD572BD 

-25°C to +85°C 

±15ppm/°C 

±10ppm/°C 

-25°C to +85°C 

DH-32C 

AD572SD 

-55°C to +125°C 

±15ppm/°C (-25°C to +85°C) 
±25ppm/°C (-55°C to +125°C) 

±20ppm/°C 

-55°C to +125°C 

DH-32C 

AD572SD/883B Meets all specifications after processing to the requirements of MIL-STD-883, Method 5008, Class B. 


NOTES : D suffix = Ceramic DIP package designator. 

(Analog Devices reserves the right to substitute metal packages in lieu 
of the standard ceramic package on commercial grades.) 

*See Section 14 for package outline information. 
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(typical @+25°C, ± 15V and +5V unless otherwise noted) 


MODEL 

AD572AD 

AD572BD 

AD572SD 

RESOLUTION 

12 Bits 

* 

♦ 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 

±2.5, ±5.0, ±10.0V 


* 

Unipolar 

0 to +5, 0 to +10V 

• 

♦ 

Impedance (Direct Input) 

0 to +5V, ±2.5V 

2.5kQ 

* 

* 

0 to +10V, ±5V 

5.0kQ 

* 

♦ 

±10V 

lOkQ 

♦ 

* 

Buffer Amplifier 

Impedance (min) 

100MQ 

* 

* 

Bias Current 

5 On A 

* 

* 

Settling Time 

to 0.01% of FSR for 20V step 

2/us 

* 

* 

DIGITAL INPUTS 

Convert Command 

Note 1 

* 

* 

Logic Loading 

1 TTL Load 

* 

• 

TRANSFER CHARACTERISTICS 

Gain Error (Note 2) 

±0.05% FSR (Adj to Zero) 

♦ 

* 

Unipolar Offset Error 

±0.05% FSR (Adj to Zero) 

* 

* 

Bipolar Offset Error 

±0.1% FSR (Adj to Zero) 

* 

* 

Linearity Error (max) 

0.012% FSR 

* 

* 

Inherent Quantization Error 

±Vi LSB 

* 

* 

Differential Linearity Error 

±Vi LSB 

* 

* 

No Missing Codes 

Guaranteed: 0 to +70°C 

Guaranteed: -25°C to +85°C 

Guaranteed: -55°C to +125°C 

Power Supply Sensitivity 
±15V 

±0.002% FSR/%AV s 

* 

* 

±5V 

±0.001% FSR/%AV s 

* 

* 

TEMPERATURE COEFFICIENTS 

Gain (max) 

±30ppm/°C (-25°C to +85°C) 

±15ppm/°C (-25°C to +85°C) 

±15ppm/°C (-25°C to +85°C) 

Unipolar Offset 

±3ppm FSR/°C 

±5ppm FSR/°C (max) 

±25ppm/°C (-55°C to +125°C) 

** 

Bipolar Offset (max) 

±15ppm FSR/°C 

±7ppm FSR/°C 

** 

Linearity 

±3ppm FSR/°C 

±2ppm FSR/°C 

** 

CONVERSION TIME (max) 

25/xs 

♦ 

• 

DIGITAL OUTPUTS (All Codes Positive-True] 
Parallel Data 

Unipolar Code 

> 

Binary 

* 

. 

Bipolar Code 

Offset Binary /Two’s Complement 

* 

* 

Output Drive 

2 TTL Loads 

* 

* 

Serial Data (NRZ format) 

Unipolar Code 

Binary 

* 

* 

Bipolar Code 

Offset Binary 

* 

* 

Output Drive 

2 TTL Loads 

* 

* 

Status 

Logic “1” during Conversion 

* 

* 

Status 

Logic “0” during Conversion 

* 

* 

Output Drive 

2 TTL Loads 

* 

* 

Internal Clock 

Output Drive 

2 TTL Loads 

* 

* 

Frequency 

500kHz 

* 

* 

INTERNAL REFERENCE VOLTAGE 

+10.00V, ±10mV typ 

* 

* 

Max External Current 

±lmA 

* 

* 

Voltage Temperature Coefficient (max) 

±20ppm/°C 

±10ppm/°C 

* 

POWER REQUIREMENTS 

Supply Voltages/Currents 

+15V, ±5% ® +25mA (40 max) 

* 

* 


-15V, ±5% ® -20mA (35 max) 

* 

* 


+5V, ±5% ® +80mA (150 max) 

* 

♦ 

Total Power Dissipation 

925mW 

* 

♦ 

TEMPERATURE RANGE 

Specification 

-25°C to +85°C 

* 

-55°C to +125°C 

Operating 

-55°C to +125°C 

* 

* 

Storage 

-55°C to +150° C 

* 

* 


NOTES 

•Same specification as AD572AD. 
••Same specification as AD572BD. 

Specifications subject to 
change without notice. 


Note 1 Positive pulse 200ns wide (min). Leading edge 
(“0” to “1”) resets registers. Trailing edge 
(“1” to “0”) initiates conversion. 

Note 2 With 50ft, 1% fixed resistor in place of Gain 
Adjust pot; see Figures 4 and 5. 
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Figure 1. AD572 Functional Diagram & Pinout 
The +10V reference is derived from a low T.C. zener refer- TIMING 

ence diode which has its zener voltage amplified and buffered The timing diagram is shown in Figure 2. Receipt of a 

by an op amp. The reference voltage is calibrated to + 10V, CONVERT START signal sets the STATUS flag, indicating 

±10mV by active laser trimming of the thin-film resistors conversion in progress. This, in turn, removes the inhibit 

which determine the closed-loop gain of this op amp. applied to the gated clock, permitting it to run through 


The DAC chip uses 12 precision, high speed bipolar current 
steering switches, a control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. The DAC is laser-trimmed to calibrate 
all bit ratio scale factors to a precision of 0.0005% of FSR 
(full-scale range) to guarantee no missing codes over the 
appropriate temperature ranges specified for the AD572A, 
AD572B, and AD572S versions. 

Different unipolar and bipolar analog input ranges can be 
selected by changing connections at the device terminal pins. 
The analog voltage input can be applied to either of the span 
(direct input) resistors. Alternatively, the unity buffer follow- 
er can be connected between the analog signal and either 
direct input terminal when a high impedance input is required. 


| | — 200ns, min 



100ns — «-j 

jwuwnjmfiiw n_ 

*0 *1 *2 *3 <4 <5 <6 *7 <8 *9 <10 <11 <12 < 



THEORY OF OPERATION 

On receipt of a CONVERT START command, the AD572 
converts the voltage at its analog input into an equivalent 
12-bit binary number. This conversion is accomplished as 
follows: 

The 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the respective device bit 
output pins and to the corresponding bit inputs of the feed- 
back DAC. 



The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the 
completion of each bit comparison period, depending on the 
state of the comparator at that time. 


B»“ ^ U 



Figure 2. Timing Diagram (Binary Code 110101011001 ) 
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13 cycles. All SAR parallel bit and STATUS flip-flops are 
initialized on the leading edge, and the gated clock inhibit 
signal removed on the trailing edge of the CONVERT 
START signal. At time t 0 , Bj is reset and B 2 -B 12 are 
set unconditionally. At tj the Bit 1 decision is made (keep) 
and Bit 2 is unconditionally reset. At t 2 , the Bit 2 decision 
is made (keep) and Bit 3 is reset unconditionally. This 
sequence continues until the Bit 12 (LSB) decision (keep) is 
made at ti2- After a 100ns delay period, the STATUS flag 
is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock 
output to the logic “0” state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not 
change and is guaranteed valid on negative-going clock edges, 
however; serial data can be transferred quite simply by clock- 
ing it into a receiving shift register on these edges (see Fig- 
ure 8). 

Incorporation of this 100ns delay period guarantees that 
the parallel (and serial) data are valid at the Logic “1” to “0” 
transition of the STATUS flag, permitting parallel data 
transfer to be initiated by the trailing edge of the STATUS 
signal. 

BINARY CODING 

The AD572 binary output number N Q = B 1 B 2 B 3 - B 12 
is related to the analog input voltage E in for all unipolar 
ranges by the expression: 


-5V TO +5V INPUT RANGE 

Assume FSR = 10V as above, but that the bipolar offset is 
connected and Bj B 2 B 3 . .B 12 = 0110000000001. Then 
from (4), E m = (+2.5 V + 1.25V + 0.0024V) - 5V = -1.2476V. 

-10V TO +10V INPUT RANGE 

Assume the bipolar offset is connected as above, but that the 
input span is now 20V. Assuming the same digital output code 
as in the -5V to +5V input range example, from (4), E^ = 
(+5V +2.5V +0. 0049V) -10V = -2.4951V, or twice the value 
of the previous example (neglecting round-off errors). 

The encoding process defined by the previous relations (1) 
and (2) or (3) and (4) determines that the analog input lies 
within one of the 2 12 = 4096 quantization levels between 0 
and FSR (or -FSR/2 and +FSR/2). Figures 3 (A) and 3 (B) 
show the actual device transfer curves for unipolar and bipolar 
ranges (offset binary coding). They also show the ideal 
straight-line transfer curves which pass through the center 
of each quantization level. As can be seen from these 
figures, the actual and ideal transfer curves differ by ex- 
actly ±V!iLSB at the end of each quantization interval, 
giving rise to the fundamental ±V£LSB quantization error 
inherent in the digitizing process. 



E* 


FSR 


( 1 ) 


. . .where Bj = MSB, B 12 = LSB, and FSR = full-scale range. 
For all bipolar ranges a fixed bipolar offset equal to — 


is internally summed with E in so that the sum of E in plus 
this offset will be positive over the rated operating range. 
For bipolar ranges, expression (1) becomes: 


Bt 2 1 1 + B 2 2 1 0 + B 3 2 9 + . . + Bi 2 2° 
2 1 2 


E- FSR 

m + — 2~ 

FSR 


(2) 


(A) Unipolar Range (Binary Coding) 



(B) Bipolar Range ( Offset Binary Coding) 

Figure 3. Unipolar and Bipolar Range Transfer Curves 


Expressions (1) and (2) can be put in an alternate form: 


/Bjl +1*2. + Ba_ 
V 2 4 8 

...and... 


+ & FSR = E in 


(3) 


Unipolar (Binary Coding) 


Bl +52 + + + JBo_) pSR _ _FSR_ = (4) 

2 4 8 4096 ' 2 m 

Bipolar (Offset Binary Coding) 

Several examples will illustrate how this binary coding works. 


0 TO +10V INPUT RANGE 

Assume FSR = 10V and B! B 2 B 3 . .B 12 = 110001000001, 
then from (3), E^ = +5V +2.5V + 0.1563V + 0.0024V = 

+7. 6587V. 


ANALOG INPUT AND POWER CONNECTIONS 
Offset Adjust: Analog and power connections for 0 to +10V 
unipolar and -10V to +10V bipolar input ranges are shown 
in Figures 4 and 5, respectively. The Bipolar Offset pin 23 is 
open-circuited for all unipolar input ranges, and connected to 
Comparator Input pin 22 for all bipolar input ranges. The ; 
zero adjust circuit consists of a potentiometer connected 
across ±V S with its slider connected through a 3.9M12 resis- 
tor to Comparator Input pin 22 for all ranges. The tolerance 
of this fixed resistor is not critical, and a carbon composition 
type is generally adequate. Using a carbon composition resis- 
tor having a -1200ppm/ C tempco contributes a worst-case 
offset tempco of 8 x 244 x 10" 6 x 1200ppm/°C = 2.3ppm/°C 
of FSR, if the OFFSET ADJ potentiometer is set at either 
end of its adjustment range. Since the maximum offset ad- 
justment required is typically no more than ±4LSB, use of a 
carbon composition offset summing resistor typically contri- 
butes no more than lppm/°C of FSR offset tempco. 


3-24 ANALOG-TO-DIGITAL CONVERTERS 



AD572 



EXTERNALLY. 


Figure 4. Analog and Power Connections for Unipolar 
0 to + 10V Input Range with Buffer Follower 



EXTERNALLY. 

Figure 5. Analog and Power Connections for Bipolar -10V 
to +10 V Input Range with Buffer Follower 

An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 
ppm/°C) are used, is shown in Figure 6. 


+ 15V 


, 200k, M.F. 

20k. ^ 

200k, M.F. 

22 


20T > 

f OFFSET ADJ 
j (±8LSB's) ! 

► 11k, M.F. 

I 


AD572 

j 



7 


Figure 6. Low Tempco Zero Adj Circuit 


In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
22 connection runs short, since the Comparator Input pin 22 
is quite sensitive to external noise pick-up. 

Gain Adjust: The gain adjust circuit consists of a 10012 
potentiometer connected between +10V Reference Output 
pin 18 and Gain Adjust Input pin 27 for all ranges. Both 
GAIN and ZERO ADJ potentiometers should be multi-turn, 
low tempco types; 20T cermet (tempco = 100ppm/°C max) 


types are recommended. If the 10012 GAIN ADJ potentio- 
meter is replaced by a fixed 5012 resistor, absolute gain cal- 
ibration to ±0.1% of FSR is guaranteed. 

Grounding: Analog and digital power supply grounds should 
be kept separate where possible to prevent digital signals from 
flowing in the analog ground circuit and inducing spurious 
analog signal noise. Analog Ground pin 26 and Digital Ground 
pin 15 are not connected internally; these two pins must be 
connected externally for the device to operate properly. 
Preferably, this connection is made at only one point, and 
as close to the device as possible. 

Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed for optimum device perfor- 
mance. ljuF tantalum types are recommended; these capaci- 
tors should be located close to the device. It is not necessary 
to shunt these capacitors with disc capacitors to provide ad- 
ditional high frequency power supply decoupling (as is requir- 
ed with some competitive products), since each power lead is 
bypassed internally with a 0.039/tF ceramic capacitor. 

CALIBRATION 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 3 and 4, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the 
analog range (0 for unipolar and -ViFSR for bipolar input 
ranges). Gain is adjusted with the analog input near the most 
positive end of the analog range. 

0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 000000000001 ; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.995 2V. 
Adjust Gain for 111111111110 digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
100000000000. 

-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration 
check: set analog input to 0.0000V; digital output (offset 
binary) code should be 100000000000. 

Other Ranges: Representative digital coding for 0 to +10V, 

-5V to +5V, and -10V to +10V ranges is shown in Table I. 
Coding relationships and calibration points for 0 to +5V and 
-2.5V to +2.5V ranges can be found by halving the corres- 
ponding code equivalents listed for the 0 to +10V and -5V 
to +5V ranges, respectively. 

Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately ±HLSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog 
input, the output can be cycled through each of the calibra- 
tion codes of interest to more accurately determine the 
center (or end points) of each discrete quantization level. A 
detailed description of this dynamic calibration technique is 
presented in “A/D Conversion Notes”, D. Sheingold, Analog 
Devices, Inc., 1977, Part II, Chapter 4. 


ANALOG-TO-DIGITAL CONVERTERS 3-25 





Analog Input - Volts 

(Center of Quantization Interval) 

Input Normalized 
to FSR 

Digital Output Code 
(Binary for Unipolar Ranges; 

Offset Binary for Bipolar Ranges) 

0 to +10V 
Range 

-5V to +5V 
Range 

-10V to +10V 
Range 

Unipolar 

Ranges 

Bipolar 

Ranges 

B1 

(MSB) 

B12 

(LSB) 

+9.9976 

+4.9976 

+9.9951 

+FSR-1 LSB 

+y 2 FSR-l LSB 

11111] 

L 1 1 1 1 1 1 

+9.9952 

+4.9952 

+9.9902 

+FSR-2 LSB 

+‘/ 2 FSR-2 LSB 

111111111110 

+5.0024 

+0.0024 

+0.0049 

+y 2 FSR+l LSB 

+ 1 LSB 

100000000001 

+5.0000 

+0.0000 

+0.0000 

+‘/ 2 FSR 

ZERO 

100000000000 

+0.0024 

-4.9976 

-9.9951 

+ 1 LSB 

-»/ 2 FSR+l LSB 

000000000001 

+0.0000 

-5.0000 

-10.0000 

ZERO 

-»/ 2 FSR 

000000000000 


Table I. Digital Output Codes vs Analog Input For Unipolar and Bipolar Ranges 


RANGE AND BUFFER FOLLOWER PIN CONNECTIONS 
Analog pin connections for each of the ranges, with and 
without the buffer follower being used, are shown in Table II. 


Range 

Buffer 

Connect 

Connect 

Connect 


Follower 

Analog 

Span Pin; 

Bipolar 



Input To Pin: 


Pin 23 To: 


Used 

30, and 29 to 24 




0 to +5V 

Not Used 

24 

25 to 22 




Used 

30, and 29 to 24 




0 to +10V 

Not Used 

24 





Used 

30, and 29 to 24 




-2.5 to +2.5V 

Not Used 

24 

25 to 22 




Used 

30, and 29 to 24 




-5 to +5V 





22 


Not Used 

24 





Used 

30, and 29 to 25 




-10 to +10V 

Not Used 

25 

~ 




Table II. Range and Buffer Follower Pin Connections 

When the analog signal source has a low impedance (as 
would be the case if it were the output of the sample-hold 
amplifier of Figure 9), it can be connected to either of the 
direct input pins 24 or 25. The buffer follower is used in the 
application as shown in Figure 6, in which the analog input 
to the converter comes directly from the output of a FET 
analog multiplexer. The selected channel has a typical r on = 
20012 which has a 3000ppm/°C tempco. If the multiplexer 
output were connected to the 0 to +10V direct input pin 24 
(5kl2 input impedance, nominal), this r on would introduce 
a 4% gain scale-factor loading error, which is well beyond 
the normal ±0.25% FSR external gain adjustment range, and 
a tempco of approximately 3000ppm/°C x 4% = 120ppm/°C. 
By connecting the buffer between the multiplexer output and 
direct input, these errors are eliminated. The buffer amplifier 
input bias current (50nA typical) must flow through the 
analog signal source, however. This limits the upper practical 
source impedance to several kilohms so that the offset volt- 
age I bias r SOURCE can b e kept negligible, even though the 
buffer amplifier dynamic input impedance > 100M12. The 
buffer amplifier has a 2/us settling time to 0.01% FSR for a 
20V input step. This must be added to the conversion time 
when the input voltage can change significantly between 
successive conversions (as could be the case in the circuit 
of Figure 7). 



Figure 7. Using Buffer Follower With 
Multiplexed Analog Input 

Short Cycle Input: A Short Cycle Input pin 14 permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring 
full 12-bit resolution. When 12-bit resolution is required, 
pin 14 is connected to +5V (pin 16). When 10-bit resolution 
is desired, pin 14 is connected to Bit 11 output pin 2. The 
conversion cycle then terminates, and the STATUS flag 
resets after the Bit 10 decision (t^o + 100ns in timing dia- 
gram of Figure 2). Short Cycle pin connections and associat- 
ed maximum 12-, 10- and 8-bit conversion times are sum- 
marized in Table III. 


Connect Short 
Cycle Pin 14 to 
Pin: 

Bits 

Resolution 
(% FSR) 

Maximum 
Conversion 
Time (jus) 

Status Flag 
Reset at: 
(Figure 2) 

16 

12 

0.024 

25 

*12 + 100ns 

2 

10 

0.10 

21 

tjo + 100ns 

4 

8 

0.39 

17 

tg + 100ns 


Table III. Short Cycle Connections 


(One should note that the calibration voltages listed in Table 
I are for 12-bit resolution only, and are not those correspond- 
ing to the center of each discrete quantization interval at re- 
duced bit resolutions.) 

DIGITAL OUTPUT DATA 

Both parallel and serial data are in positive-true form and 
outputted from TTL storage registers. Parallel data output 
coding is binary for unipolar ranges and either offset binary 
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AD572 


or two’s complement binary, depending on whether Bit 1 
(pin 12) or its logical inverse BIT 1 (pin 13) is used as the 
MSB. Parallel data becomes valid approximately 200ns 
before the STATUS flag returns to Logic “0”, permitting 
parallel data transfer to be clocked on the “1” to “0” transi- 
tion of the STATUS flag. 

Serial data coding is binary for unipolar input ranges and 
offset binary for bipolar input ranges. Serial output is by 
bit (MSB first, LSB last) in NRZ (non-return-to-zero) format. 
Serial and parallel data outputs change state on positive-going 
clock edges. Serial data is guaranteed valid on all negative- 
going clock edges, permitting serial data to be clocked direct- 
ly into a receiving register on these edges as shown in Figure 
8. There are 13 negative-going clock edges in the complete 
12-bit conversion cycle, as shown in Figure 2. The first edge 
shifts an invalid bit into the register, which is shifted out on 
the 13th negative-going clock edge. All serial data bits will 
have been correctly transferred and be in the receiving shift 
register locations shown at the completion of the conversion 
period. 


1 | SAMPLE 

I 1 - HOLD 



Figure 9. Sample-Hold Amplifier - AD572 Interconnections 

Note that the internal (gated) clock is inhibited for the du- 
ration of the CONVERT START pulse and does not start 
running until the termination of this pulse (see timing). This 
can be used to simplify control signal timing requirements. 

In the circuit of Figure 9, for example, the CONVERT 
START signal pulse-width can be extended beyond the ap- 
erture delay time of the SHA to assure that e Q S+I is in 
steady-state before conversion is initiated. This assures 
accurate conversion without requiring additional delay tim- 
ing circuitry. The effect of varying the CONVERT START 
pulse- width on the conversion timing cycle is shown in Fig- 
ure 10. 


APPLICATIONS 

Sample-Hold Amplifier: A sample-hold amplifier (SHA) is 
normally connected between the analog signal source and 
AD572 analog input when the analog signal can change by 
more than V 2 LSB during conversion. Typical SHA- AD 572 
interconnections are shown in Figure 9. The STATUS output 
drives the SHA SAMPLE/HOLD input dir ectly. On receipt of 
a CONVERT START pulse, the STATUS flag changes from 
“1” to “0” causing SHA mode to change from SAMPLE to 
HOLD. The SHA output voltage e Q S _ H is then held constant 
at the value existing just prior to application of the HOLD 
command for t he comple te conversion period. At the end of 
conversion, the STATUS flag returns to “1”, restoring the 
SHA mode to SAMPLE, and e Q S+I again tracks the analog 
signal voltage e^ S4i (after the signal acquisition transient 
has subsided). 




Figure 10. Effect of Convert Start Pulse-Width on Timing 
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Digital Gain Control: Figure 11 shows a method of varying 
the AD572 gain digitally, using an 8-bit DAC. The 100£2 
GAIN ADJ potentiometer is replaced by a 15£2 fixed resistor. 
This biases full-scale high by approximately 350/20,000^2 = 
+0.18% of FSR. The AD559 has a large positive compliance 
voltage which permits its Current Output pin 4 to be connect- 
ed directly to the AD 5 72 Reference Input pin 27. The AD559 
2.5mA output current is established by the AD 580 +2.5V 
voltage reference connected through a IkO resistor to Refer- 
ence Current Input pin 14. The 2.5mA DAC full-scale output 
current removed from the AD 5 72 pin 27 node changes the 
pin 27 input current -2.5mA x 15O/20kO = -1.88juA, or 
-1.88/xA/500/iA = -0.38% of FSR; this permits a digital gain 
adjustment range of approximately ±0.2% FSR from nominal. 


+5V 

8 BIT DIGITAL 
|“ GAIN CONTROL 

r 

15SI> 

Xl 10v 

1 . 

2.5mA 

AD580 +2.5V ~ 14 

«/ VUV 

■liliilli- 

0 TO 2.5mA 2? 

-- — - X-O— 

tO. 2% FSR 

— Kt 

REFERENCE 


^GAINADJ RANGE 



AD559 I 1 ~ 15 jy 

8 BIT DAC " w 


x 

AD572 


Figure 11. Digital Gain Control Using 8-Bit DAC 
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FEATURES 

Complete 10-Bit A/D Converter with Reference, Clock 
and Comparator 

Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20ps 
typ 

No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 


PRODUCT DESCRIPTION 

The AD573 is a complete 10-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers-all fabricated on a single chip. No external 
components are required to perform a full accuracy 10-bit con- 
version in 20|xs. 

The AD573 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with I 2 L (integrated injection logic). Laser trim- 
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 

Operating on supplies of 4- 5V and - 12V to - 15V, the AD573 
will accept analog inputs of 0 to 4- 10V or - 5V to 4- 5V. The 
trailing edge of a positive pulse on the CON VERT line initiates 
the 20|xs conversion cycle. DATA READY indicates completion 
of the conversion . HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 

The AD573 is available in two versions for the 0 to + 70°C 
temperature range, the AD573J and AD573K. The AD573S 
guarantees ± 1LSB relative accuracy and no missing codes from 
- 55°C to + 125°C. 

Two package configurations are offered. All versions are also 
offered in a 20-pin hermetically sealed ceramic DIP. The AD573J 
and AD573K are also available in a 20-pin plastic DIP. 

♦Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 


AD573 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. The AD573 is a complete 10-bit A/D converter. No external 
components are required to perform a conversion. 

2. The AD573 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can be read as a 10-bit word or as 8- 
and 2 -bit words. 

3. The device offers true 10-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD573 adapts to either unipolar (0 to 4- 10V) or bipolar 
( - 5 V to 4- 5 V) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with +5V and - 12V or - 15V 
supplies. 
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QPFPinPATIflMQ (Ta = 25°C, Y+ = + 5V, V- = -12V or -15V, all voltages measured with respect to digital common, 
wlLUiriunl lUllO unless otherwise indicated) 


Model 

AD573J 

Min Typ Max 

AD573K 

Min Typ Max 

AD573S 

Min Typ Max 

Units 

RESOLUTION 

10 

10 

10 

Bits 

RELATIVE ACCURACY 1 

±1 

±1/2 

±1 

ia 

Ta = T min toT max 

±1 

±1/2 

±1 

MM 

FULL SCALE CALIBRATION 2 

±2 

±2 

±2 

EH 

UNIPOLAR OFFSET 

±1 

— — mm 

±1 


BIPOLAR OFFSET 

±1 


±1 


DIFFERENTIAL NONLINEARITY 3 

10 

10 

10 

Bits 

Ta = T m j n tO T m ax 

9 

10 

10 

Bits 

TEMPERATURE RANGE 

0 +70 

0 +70 



TEMPERATURE COEFFICIENTS 4 





Unipolar Offset 

±2 

±1 

±2 


Bipolar Offset 

±2 

±1 

±2 


Full Scale Calibration 2 

±4 




POWER SUPPLY REJECTION 





Positive Supply 

HI 




+ 4.5<V + < + 5.5V 

H 

±1 

±2 

LSB 

Negative Supply 





-15.75V<V-=s- 14.25V 

H 

±1 

±2 

LSB 

-12.6V<V-<- 11.4V 


H 

±2 

LSB 

ANALOG INPUT IMPEDANCE 

3.0 5.0 7.0 

3.0 5.0 7.0 

3.0 5.0 7.0 

kft 

ANALOG INPUT RANGES 





Unipolar 

0 +10 

0 +10 

0 +10 

V 

Bipolar 

-5 +5 

-5 +5 

-5 +5 

V 

OUTPUT CODING 





Unipolar 

Positive True Binary 

Positive True Binary 

Positive True Binary 


Bipolar 

Positive True Offset Binary 

Positive True Offset Binary 

Positive True Offset Binary 


LOGIC OUTPUT 





Output Sink Current 





(Vout = 0.4V max, T min to T max ) 

3.2 

3.2 

3.2 

mA 

Output Source Current 5 





(Vout - 2.4V min, T min to T max ) 

0.5 

0.5 

0.5 

mA 

Output Leakage 

±40 

±40 

±40 

(xA 

LOGIC INPUTS 





Input Current 

±100 

±100 

±100 

jjlA 

Logic “1” 

2.0 

2.0 

2.0 

V 

Logic “0” 

0.8 

0.8 

0.8 

V 

CONVERSION TIME 





T A = TmintoTmax 

10 20 30 

10 20 30 

10 20 30 

M-S 

POWER SUPPLY 





V + 

+ 4.5 +5.0 +7.0 

+ 4.5 +5.0 +7.0 

+ 4.5 +5.0 +7.0 

V 

V- 

-11.4 -15 -16.5 

+ 11.4 -15 -16.5 

-11.4 -15 -16.5 

V 

OPERATING CURRENT 





V + 

15 20 

15 20 

15 20 

mA 

V- 

9 15 

9 15 

9 15 

mA 


NOTES 

'Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

2 Full-scale calibration is guaranteed trimmable to zero with an external 50ft potentiometer in place of the 15ft 
fixed resistor. Full scale is defined as 10 volts minus 1LSB, or 9.990 volts. 

3 Defined as the resolution for which no missing codes will occur. 

4 Change from +25°C value from +25°C to T min or T max . 

s The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 
a nominal 6kft internal pull-up resistor. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD573 


ABSOLUTE MAXIMUM RATINGS 

V + to Digital Common 0 to + 7V 

V- to Digital Common 0 to - 16.5V 

Analog Common to Digital Common ±1V 

Analog Input to Analog Common ± 15V 

Control Inputs 0 to V + 

Digital Outputs (High Impedance State) 0 to V + 

Power Dissipation 800mW 


Model 

AD573JN 

AD573KN 

AD573JP 

AD573KP 

AD573JD 

AD573KD 

AD573SD 


AD573 ORDERING GUIDE 


Package Options* 


Temperature Relative 

Range Accuracy 


20-Pin Plastic DIP (N-20) 0 to + 70°C 

20-Pin Plastic DIP (N-20) 0 to + 70°C 

20-Pin Leaded Chip Carrier (P-20A) 0 to + 70°C 

20-Pin Leaded Chip Carrier (P-20 A) 0 to + 70°C 

20-Pin Ceramic DIP (D-20) 0 to + 70°C 

20-Pin Ceramic DIP (D-20) 0 to + 70°C 

20-Pin Ceramic DIP (D-20) - 55°C to + 125°C 


± ILSBmax 
± l/2LSBmax 
± 1LSB max 
± 1/2LSB max 
± ILSBmax 
± l/2LSBmax 
± ILSBmax 


*See Section 14 for package outline information. 
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FUNCTIONAL DESCRIPTION 

A block diagram of the AD573 is shown in Figure 1. The positive 
CONVERT pulse must be at least 500ns wide. DR goes high 
within 1.5jjls after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal 10-bit 
current output DAC is sequenced by the integrated injection 
logic (I 2 L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the 5kH resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a 10-bit binary code which accurately represents the input signal 
to within V6LSB (0.05% of full scale). 

The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. HBE and 
LBE can then be activat ed to ena ble the upper 8-bit and lower 
2-bit buffers as desired. HBE and LBE should be brought high 
prior to the next conversion to place the output buffers in the 
high impedance state. 


DIGITAL 

V+ V- COMMON CONVERT 



Figure 1. AD573 Functional Block Diagram 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less V^LSB) to be 
injected into the summing ( + ) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + 10V unipolar input 
range becomes a - 5V to + 5V range. The 5kfl thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 

The AD573 contains all the active components required to 
perform a complete A/D conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + 5 V 
and - 12V to - 15V), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. 


The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 


LSB DBO fT* 

• PIN^ 
IDENTIFIER 

~20| HIGH BYTE ENABLE 

DB1 [ T 


jjsQ LOW BYTE ENABLE 

DB2fT 


*181 DATA READY 

DB3 r*r* 


T7] DIGITAL COMMON 

PB4 pT 

AD573 
(TOP VIEW) 

Tel BIPOLAR OFFSET 

DB5 pT 

1F1 ANALOG COMMON 

DB6 pr 


IT | ANALOG IN 

PB7pr 


Til v- 

PB8pr 


CONVERT 

MSB PB9pO* 


TT1 v+ 


Figure 2. AD573 Pin Connections 
Full Scale Calibration 

The 5kfl thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
D AC-plus about 0.3%-when an analog input voltage of 9.990 
volts (10 volts - 1LSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.99 volt full scale can be achieved 
to sufficient accuracy by simply inserting a 150 resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within ±2LSB or ±0.2%. If more precise 
calibration is desired, a 5011 trimmer should be used instead. 

Set the analog input at 9.990 volts, and set the trimmer so that 
the output code is just at the transition between 11111111 10 
and 11111111 11. Each LSB will then have a weight of 9.766mV. 
If a nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 10. 00m V), a 1000 resistor and a 
10011 trimmer (or a 20011 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of 5kfl. Figure 3 illustrates the connections 
required for full scale calibration. 



Figure 3. Standard AD573 Connections 
Unipolar Offset Calibration 

Since the Unipolar Offset is less than ± 1LSB for all versions of 
the AD573, most applications will not require trimming. Figure 
4 illustrates two trimming methods which can be used if greater 
accuracy is necessary. 
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Applying the AD573 


Figure 4a shows how the converter zero may be offset by up to 
± 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. 



ZERO OFFSET ADJ 
±3 BIT RANGE 


/O) INPUT 
SIGNAL 

I R1 

r VA — 

2.70 
OR 50 
POT. 


SIGNAL COMMON 


Vi BIT ZERO OFFSET 


Ansi 

AD573 


Figure 4a. Figure 4b. 

Figure 4. Offset Trims 

Figure 5 shows the nominal transfer curve near zero for an 
AD573 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 



NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 



INPUT VOLTAGE 


Figure 5. AD573 Transfer Curve - Unipolar Operation 
t Approximate Bit Weights Shown for Illustration , Nominal 
Bit Weights ~ 9. 766m V) 


This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal, h 2.1 Cl resistor in series with 
this terminal will result in approximately the desired Vi bit 
offset of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
high accuracy is required, a 50 potentiometer (connected as a 
rheostat) can be used as Rl. Additional negative offset range 
may be obtained by using larger values of Rl. Of course, if the 
zero transition point is changed, the full scale transition point 
will also move. Thus, if an offset of ^LSB is introduced, full 
scale trimming as described on the previous page should be 
done with an analog input of 9.985 volts. 


NOTE: During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 


decoupling will “pump up” and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 


BIPOLAR CONNECTION 

To obtain the bipolar - 5V to + 5V range with an offset binary 
output code, the bipolar offset control pin is left open. 


A -5.000 volt signal will give a 10-bit code of 00000000 00; an 
input of 0.000 volts results in an output code of 10000000 00 
and +4.99 volts at the input yields the 11111111 11 code. The 
nominal transfer curve is shown in Figure 6. 

OUTPUT 
CODE 

10000000 10 
10000000 01 
10000000 00 
01111111 11 
01111111 10 


-30 -20 -10 0 +10 +20 +30 



INPUT VOLTAGE - mV 


Figure 6. AD573 Transfer Curve - Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
V£LSB such that an input voltage of 0 volts ± 5mV yields the 
code representing zero (10000000 00). Each output code is then 
centered on its nominal input voltage. 

Full Scale Calibration 

Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is +4.985 
volts. 


Negative Full Scale Calibration 

The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally — 5V) which results in the 
00000000 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 



Gate Output = 7 Unipolar 0 - 10V Input Range 
Gate Output = 0 Bipolar ± 5 V Input Range 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD573 

Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
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signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the AD573, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the AD573 connected to the AD582 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
AD582 will acquire a 10 volt signal in less than lOjxs with a 
droop rate less than 100|xV/ms. 



COM 

Figure 8. Sample-Hold Interface to the AD 573 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the AD582 into the hold mode while the AD573 begins its 
conversion cycle. (The AD582 settles to final value well in advance 
of the first comparator decision inside the AD573). 

DR goes low when the conversion is complete placing the AD582 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 10|xs delay to allow for 
signal acquisition by the AD582. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 


pulse at least 500ns wide. The rising edge of this pulse resets 
the internal logic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVER T be gins the 
conversion cycle. When conversion is co mpl eted D R returns 
low. During the co nv ersion cycle, HBE and LBE should be 
held high. If HBE or LBE goes low during a conversion, the 
data output buffers will be enabled and intermediate conversion 
results will be present on the data output pins. This may cause 
bus conflicts if other devices in' a system are trying to use the 
bus. 



Figure 9. Convert Timing 

Reading the Data 

The three-state data output buffers are enabled by HBE and 
LBE. Access time of these buffers is typically 150ns (250 
maximum). The Data outputs remain valid until 50ns after the 
enable signal returns high, and are completely into the high-im- 
pedance state 100ns later. 



TIMING SPECIFICATIONS (All grades, T A = 

T • - 

* min 

Tmax) 

Parameter 

Symbol Min 

Typ 

Max 

Units 

CONVERT Pulse Width 

tcs 

500 

- 

- 

ns 

DR Delay from CONVERT t DS c 

- 

1 

1.5 

|XS 

Conversion Time 

tc 

10 

20 

30 

|XS 

Data Access Time 

Data Valid after HBE/LBE 

*DD 

0 

150 

250 

ns 

High 

^HD 

50 

- 

- 

ns 

Output Float Delay 

*HL 

- 

100 

200 

ns 


GROUNDING CONSIDERATIONS 

The AD573 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 

CONTROL AND TIMING OF THE AD573 

The operation of the AD573 is controlled by three inputs: CON- 
VERT, HBE and LBE. 

Starting a Conversion 

The conversion cycle is initiated by a positive-going CONVERT 


MICROPROCESSOR INTERFACE CONSIDERATIONS - 
GENERAL 

When an analog-to-digital converter like the AD573 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate delay period must be allowed to pass before 
valid conversion data may be read. In most applications, the 
AD 5 73 can interface to a microprocessor system with little or no 
external logic. 

The most popular control signal configuration consists of decoding 
the address assigned to the AD573, then gating this signal with 
the system’s WR signal to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes 
“memory-mapped” I/O interfacing, while the use of a separate 
I/O address space denotes “isolated I/O” interfacing. In 8-bit 
bus systems, the 10-bit AD573 will occupy two locations when 
data is to be read; therefore, two (usually consecutive) addresses 
must be decoded. One of the addresses can also be used as 
the address which produces the CONVERT signal during WR 
operations. 

Figure 11 shows a generalized diagram of the control logic for 
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an AD573 interfaced to an 8-bit data bus, where two addresses 
(ADC ADDR and ADC ADDR+ 1) have been decoded. ADC 
ADDR starts the converter when written to (the actual data 
being written to the converter does not matter) and contains the 
high byte data during read operations. ADC ADDR + 1 performs 
no function during write operations, but contains the low byte 
data during read operations. 



Figure 1 1. General AD573 Interface to 8-Bit 
Microprocessor 

In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or “timeout” period can be implemented in a short 
software routine such as a countdown loop, enough dummy 
instructions to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly-timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a co nver sion is complete. 
Higher-speed systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 



DB9-2 DB1, 0 

VALID VALID 


Figure 12. Typical AD573 Interface Timing Diagram 

CONVERT Pulse Generation 

The AD573 is tested with a CONVERT pulse width of 500ns 
and will typically operate with a pulse as short as 300ns. However, 
some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the AD573. 


Interfacing to the AD573 

In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT low, which starts the conversion. 

Note that tDsc is slightly longer when the result of the previous 
conversion contains a logic 1 on the LSB. This means that the 
actual CONVERT pulse generated by the circuits in Figure 13 
will vary slightly in width. 



Figure 13a. Using 74LS00 Figure 13b. Using 1/2 74LS74 


Output Data Format 

The AD573 output data is presented in a left-justified format. 
The 8 MSBs (DB9-DB2, pins 10 through 3) are enabled by 
HBE (pin 2 0) an d the 2 LSBs (DB1, DB0 - pins 2 and 1) are 
enabled by LBE (pin 19). This allows simple interface to 8-bit 
system buses by overlapping the 2 MSBs and the 2 LSBs. The 
organization of the data is shown in Figure 14. 

When the least significant bits are read (LBE brought low), the 
six remaining bits of the byte will contain meaningless data. 
These unwanted bits can be masked by logically ANDing the 
byte with 11000000 (CO hex), which forces the 6 lower bits to 
logic 0 while preserving the two most significant bits of the 
byte. 

Note that it is not possible to reconfigure the AD573 for right 
justified data. 



Figure 14. AD573 Output Data Format 


In s ystem s where all 10 bits are desired at the same time, HBE 
and LBE may be tied together. This is useful in interfacing to 
16-bit bus systems. The resulting 10-bit word can then be placed 
at the high end of the 16-bit bus for left justification or at the 
low end for right justification. 

It is also possible to use the AD573 in a “stand-alone” mode, 
where the output data buffers are automatically enabled at the 
end of a con vers ion cy cle. In this mode, the DR output is wired 
to the HBE and LBE inputs. The outputs thus are forced into 

the high-impedance state during the conversion period, and 

valid data becomes available approximately 500ns after the DR 
signal goes low at the end of the conversion. The 500ns delay 
allows propagation of the least significant bit through the internal 
logic. 

This mode is particularly useful for bench-testing of the AD573, 
and in applications where dedicated I/O ports of peripheral 
interface adapter chips are available. 
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Figure 15. AD573 in "Stand-Alone" Mode 
(Output Data Valid 500ns After DR Goes Low) 

Apple II Microcomputer Interface 

The AD573 can provide a flexible, low-cost analog interface for 
the popular Apple II microcomputer. The Apple II, based on a 
I MHz 6502 microprocessor, meets all timing requirements for 
the AD 5 73. Only a few TTL gates are required to decode the 
signals available on the Apple II’s peripheral connector. The 
recommended connections are shown in Figure 16. 



Figure 16. AD573 Interface to Apple II 


delay between starting and reading the converter. This can be 
easily implemented by calling the Apple’s WAIT subroutine 
(which resides at location $FCA8) after loading the accumulator 
with a number greater than or equal to two. 

8085-Series Microprocessor Interface 
The AD573 can also be used with 8085-series microprocessors. 
These processors use separate control signals for RD and WR, 
as opposed to the single R/W control signal used in the 6800/6500 
series processors. 

There are two constraints related to operation of the AD573 
with 8085-series processors. The first problem is the width of 
the CONVERT pulse. The circuit shown in Figure 17 (essentially 
the same as that shown in Figure 13) will produce a wide enough 
CONVERT pulse when the 8085 is running at 5MHz. For 8085 
systems running at slower clock rates (3MHz), the flip-flop-based 
circuit can be eliminated since the WR pulse will be approximately 
500ns wide. 

The other consideration is the access time of the AD573’s three- 
state output data buffers, which is 250ns maximum. It may be 
necessary to insert wait states during RD operations from the 
AD573. This will not be a problem in systems using memories 
with comparable access times, since wait states will have already 
been provided in the basic system design. 



Figure 17. AD57 3-8085 A Interface Connections 

The following assembly-language subroutine can be used to 
control an AD573 residing at memory locations 3000h and 3001h- 
The 10 bits of data are returned (left- justified) in the DE register 
pair. 


The BASIC routine listed here will operate the AD573 circuit 
shown in Figure 16. The conversion is started by POKEing to 
the location which contains the AD573. The relatively slow 
execution speed of BASIC eliminates the need for a delay routine 
between starting and reading the converter. This routine assumes 
that the AD573 is connected for a ±5 volt input range. Variable 
I represents the integer value (from 0 to 1023) read from the 
AD573. Variable V represents the actual value of the input 
signal (in volts). 

100 PRINT “WHICH SLOT IS THE A/D IN”;:INPUT S 
110 A = 49280+ 16*S 
120 POKE A,0 

130 L = PEEK(A) :H = PEEK(A+ 1) 

140 I = (4*H) + INT(L/64) 

150 V = (1/1024)^10-5 

160 PRINT “THE INPUT SIGNAL IS ”;V;“VOLTS.” 


ADC: 

LXI H, 3000 

; LOAD HL WITH AD573 ADDRESS 


MOV M, A 

; START CONVERSION 


MVI B,06 

; LOAD DELAY PERIOD 

LOOP: 

DCR B 

; DELAY LOOP 


JNZ LOOP 
MOV A, M 

•READ LOW BYTE 


ANI CO 

; MASK LOWER 6 BITS 


MOVE, A 

; STORE CLEAN LOW BYTE IN E 


INR L 

; LOAD HIGH BYTE ADDRESS 


MOV D, M 

; MOVE HIGH BYTE TO D 


RET 

;EXIT 


It is also possible to write a faster-executing assembly-language 
routine to control the AD573. Such a routine will require a 
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ANALOG 

DEVICES 


Complete 
12-Bit A/D Converter 



FEATURES 

Complete 12-Bit A/D Converter with Reference 
and Clock 

8- and 16-Bit Microprocessor Bus Interface 
Guaranteed Linearity Over Temperature 
0 to +70°C - AD574AJ, K, L 
— 55°C to + 125°C - AD574AS, T # U 
No Missing Codes Over Temperature 
35ps Maximum Conversion Time 
Buried Zener Reference for Long-Term Stability 
and Low Gain T.C. 10ppm/°C max AD574AL 
12.5ppm/°C max AD574AU 
Ceramic DIP, Plastic DIP or PLCC Package 

+12/+15V SUPPLY 
Vcc 

+10V REFERENCE 
REF OUT 

ANALOG COMMON 
AC 

REFERENCE INPUT 
REF IN 

-12/-15V SUPPLY 
V EE 

BIPOLAR OFFSET 
BIPOFF 

10V SPAN INPUT 
10V| N 

PRODUCT DESCRIPTION 2 ov span input 

The AD574A is a complete 12-bit successive-approximation Z0V ' N 

analog-to-digital converter with 3-state output buffer circuitry 


+5V SUPPLY 
Vlogic 

DATA MODE SELECT 


CHIP SELECT 
CS 

BYTE ADDRESS/ 
SHORT CYCLE 
Ao 

READ/CONVERT 

R/C 

CHIP ENABLE 
CE 


AD574A BLOCK DIAGRAM 
AND PIN CONFIGURATION 



STATUS 

STS 



DIGITAL COMMON 
DC 


for direct interface to an 8- or 16-bit microprocessor bus. A 
high-precision voltage reference and clock are included on-chip, 
and the circuit guarantees full-rated performance without external 
circuitry or clock signals. 

The AD574A design is implemented using Analog Devices’ 
Bipolar/I 2 L process, and integrates all analog and digital functions 
on one chip. Offset, linearity and scaling errors are minimized 
by active laser-trimming of thin-film resistors at the wafer stage. 
The voltage reference uses an implanted buried Zener for low 
noise and low drift. On the digital side, I 2 L logic is used for the 
successive-approximation register, control circuitry and 3-state 
output buffers. 

The AD574A is available in six different grades. The AD574AJ, 
K, and L grades are specified for operation over the 0 to + 70°C 
temperature range. The AD574AS, T, and U are specified for 
the -55°C to + 125°C range. All grades are available in a 28-pin 
hermetically-sealed ceramic DIP. The J, K, and L grades are 
also available in a 28-pin plastic DIP and PLCC. 


PRODUCT HIGHLIGHTS 

1. The AD574A interfaces to most 8- or 16-bit microprocessors. 
Multiple-mode three-state output buffers connect directly to 
the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 

2. The precision, laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges: 0 to +10 and 0 to +20 volts 
unipolar, - 5 to +5 and - 10 to +10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of ±0.1% can 
be trimmed to zero with one external component each. 

3. The internal buried Zener reference is trimmed to 10.00 
volts with 0.2% maximum error and 15ppm/°C typical T.C. 
The reference is available externally and can drive up to 
1.5mA beyond the requirements of the reference and bipolar 
offset resistors. 


The S, T, and U grades are available with optional processing 
to MIL-STD-883C Class B. The Analog Devices’ Military Products 
Databook should be consulted for details on /883B testing of the 
AD574A. 


♦Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; 
RE 28,633. 
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CDCPinP ATIHKIC ( @ +2SOC m v cc = +15V or + 12V > v logic = +5V, V H = -15V or -12V 
OlLU III uft IIU liO unless otherwise indicated) 



j AD574AJ 


AD574AK 


I AD574AL 



Model 

J Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 

| 12 j 

12 ! 

12 ! 

Bits 

LINEARITY ERROR @ +25°C 



±1 



±1/2 



wsm 

LSB 

Tmin toT max 



±1 



±1/2 




LSB 

DIFFERENTIAL LINEARITY ERROR 











(Minimum resolution for which no 
missing codes are guaranteed) 











T mi „toT max 

11 



12 



12 



Bits 

UNIPOLAR OFFSET (Adjustable to zero) 

±2 

±1 

±1 

LSB 

BIPOLAR OFFSET (Adjustable to zero) 

±4 

±4 

±2 

LSB 

FULL-SCALE CALIBRATION ERROR 











(with fixed 50ft resistor from REF OUT to REF IN) 
(Adjustable to zero) 



0.25 



0.25 



0.125 

%ofF.S. 

TEMPERATURE RANGE 

0 


+ 70 

0 


+ 70 

0 


+ 70 

smmm 

TEMPERATURE COEFFICIENTS 











(Using internal reference) 











T m i„ to T max 











Unipolar Offset 



±2(10) 



±1(5) 



±1(5) 

LSB (ppm/°C) 

Bipolar Offset 



±2(10) 



±1(5) 



±1(5) 

LSB (ppm/°C) 

Full-Scale Calibration 



±9(50) 



±5(27) 



±2(10) 

LSB (ppm/°C) 

POWER SUPPLY REJECTION 











Max change in Full Scale Calibration 






■ 





V cc = 15V ± 1.5V or 12V ±0.6V 



±2 






±1 

LSB 

Vlogic = 5V± 0.5V 



±1/2 



1 



±1/2 

LSB 

V EE = - 15V ± 1.5V or - 12V ±0.6V 



±2 



MM 



±1 

LSB 

ANALOG INPUT 











Input Ranges 











Bipolar 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 


-10 


+ 10 

-10 


+ 10 

-10 


+ 10 

Volts 

Unipolar 

0 


+ 10 

0 


+ 10 

0 


+ 10 

Volts 


0 


+ 20 

0 


+ 20 

0 


+ 20 

Volts 

Input Impedance 











10 Volt Span 

3 

5 

7 

3 

5 

7 

3 

5 

7 

kft 

20 Volt Span 

6 

10 

14 

6 

10 

14 

6 

10 

14 

kO 

DIGITAL CHARACTERISTICS 1 (T^-T™,,) 











Inputs 2 (CE,CS,R/C,A 0 ) 











Logic “1” Voltage 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

Volts 

Logic “0” Voltage 

-0.5 


+ 0.8 

-0.5 


+ 0.8 

-0.5 


+ 0.8 

Volts 

Current 

-20 


+ 20 

-20 


+ 20 

-20 


+ 20 


Capacitance 

Outputs (DB11-DB0, STS) 


5 



5 



5 


pF 

Logic “1” Voltage (I S ource^500|xA) 

+ 2.4 



+ 2.4 



+ 2.4 



Volts 

Logic “0” Voltage (Isink— 1 .6mA) 



+ 0.4 



+ 0.4 



+ 0.4 

Volts 

Leakage (DB1 1-DB0, High-Z State) 

-20 


+ 20 

-20 


+ 20 

-20 


+ 20 

P-A 

Capacitance 


5 



5 



5 


pF 

POWER SUPPLIES 











Operating Range 











Vlogic 

+4.5 


+ 5.5 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5 

Volts 

Vcc 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

Volts 

Vee 

Operating Current 

-11.4 


-16.5 

-11.4 


-16.5 

-11.4 


-16.5 

Volts 

Ilogic 


30 

40 


30 

40 


30 

40 

mA 

Icc 


2 

5 


2 

5 


2 

5 

mA 

Iee 


18 

30 


18 

30 


18 

30 

mA 

POWER DISSIPATION 


390 

725 


390 

725 


390 

725 

mW 

INTERNAL REFERENCE VOLTAGE 

9.98 

10.0 

10.02 

9.98 

10.0 

10.02 

9.99 

10.0 

10.01 

Volts 

Output current (available for external loads) 3 
(External load should not change during conversion) 



1.5 



1.5 



1.5 

mA 

PACKAGE OPTIONS 4 











Ceramic (D-28) 


AD574ASD 


AD574AKD 


AD574ALD 


Plastic (N-28) 


AD574AJN 


AD574AKN 


AD574ALN 


PLCC (P-28A) 


AD574AJP 


AD574AKP 






NOTES 

1 Detailed Timing Specifications appear in the Timing Section. Specifications shown in boldface are tested on all production units at final electri- 

2 12/8 Input is not TTL-compatible and must be hard wired to Vlogic or Digital Common, cal test. Results from those tests are used to calculate outgoing quality levels. All 
3 The reference should be buffered for operation on ± 12V supplies. min and max specifications are guaranteed, although only those shown in 

4 See Section 14 for package outline information. boldface are tested on all production units. 

Specifications subject to change without notice. 
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AD574A 



1 AD574AS 


AD574AT 


i AD574AU 



Model 

| Min 

Typ 

Max 

| Min 

Typ 

'Max 

Min 

Typ 

Max 

Units 

RESOLUTION 

1 12 1 

1 12 1 

1 « 1 

Bits 

LINEARITY ERROR @ + 25°C 



±1 



±1/2 





Tmin 10 T max 



±1 



±1 



EM 


DIFFERENTIAL LINEARITY ERROR 











(Minimum resolution for which no 
missing codes are guaranteed) 











T m in to T max 

11 



12 



12 



Bits 

UNIPOLAR OFFSET (Adjustable to zero) 

±2 

±1 

±1 

LSB 

BIPOLAR OFFSET (Adjustable to zero) 

±4 

±4 

±2 

LSB 

FULL-SCALE CALIBRATION ERROR 











(with fixed 500 resistor from REF OUT to REF IN) 
(Adjustable to zero) 



0.25 



0.25 



0.125 

%ofF.S. 

TEMPERATURE RANGE 

-55 


+ 125 

-55 


+ 125 

-55 


+ 125 

°C 

TEMPERATURE COEFFICIENTS 











(Using internal reference) 











T m i n to T max 











Unipolar Offset 



±2(5) 



±1(2.5) 



±1(2.5) 

LSB (ppm/°C) 

Bipolar Offset 



±4(10) 



±2(5) 



±1(2.5) 

LSB (ppm/°C) 

Full-Scale Calibration 



±20(50) 



±10(25) 



±5(12.5) 

LSB (ppm/°C) 

POWER SUPPLY REJECTION 






SN|B 





Max change in Full Scale Calibration 











V CC - 15V ± 1.5V or 12V ±0.6V 



±2 






±1 

LSB 

Vlogic = 5V± 0.5V 



±1/2 






±1/2 

LSB 

V EE - - 15V ± 1.5V or - 12V ±0.6V 



±2 



n 



±1 

LSB 

ANALOG INPUT 











Input Ranges 











Bipolar 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 


-10 


+ 10 

-10 


+ 10 

-10 


+ 10 

Volts 

Unipolar 

0 


+ 10 

0 


+ 10 

0 


+ 10 

Volts 


0 


+ 20 

0 


+ 20 

0 


+ 20 

Volts 

Input Impedance 











10 Volt Span 

3 

5 

7 

3 

5 

7 

3 

5 

7 

kn 

20 Volt Span 

6 

10 

14 

6 

10 

14 

6 

10 

14 

kn 

DIGITAL CHARACTERISTICS 1 (Tmi„-Tmax) 











Inputs 2 (CE,CS,R/C 5 A 0 ) 











Logic “1” Voltage 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

Volts 

Logic “0” Voltage 

-0.5 



-0.5 


+ 0.8 

-0.5 


+ 0.8 

Volts 

Current 

-20 


+ 20 

-20 


+ 20 

-20 


+ 20 

M-A 

Capacitance 

Outputs (DB1 1-DBO, STS) 


5 



5 



5 


P F 

Logic “1” Voltage (IsouRCE^500p,A) 

+ 2.4 



+ 2.4 



+ 2.4 



Volts 

Logic “0” Voltage (Isink- 1 -6mA) 



+ 0.4 



+ 0.4 



+ 0.4 

Volts 

Leakage (DB1 1-DB0, High-Z State) 

-20 


+ 20 

-20 


+ 20 

-20 


+ 20 

M-A 

Capacitance 


5 



5 



5 


pF 

POWER SUPPLIES 











Operating Range 











Vlogic 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5 

Volts 

Vcc 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

Volts 

Vee 

Operating Current 

-11.4 


-16.5 

-11.4 


-16.5 

-11.4 


-16.5 

Volts 

Ilogic 


30 

40 


30 

40 


30 

40 

mA 

Icc 


2 

5 


2 

5 


2 

5 

mA 

Iee 


18 

30 


18 

30 


18 

30 

mA 

POWER DISSIPATION 


390 

725 


390 

725 


390 

725 

mW 

INTERNAL REFERENCE VOLTAGE 

9.98 

10.0 

10.02 

9.98 

10.0 

10.02 

9.99 

10.0 

10.01 

Volts 

Output current (available for external loads) 3 
(External load should not change during conversion) 



1.5 



1.5 



1.5 

mA 

PACKAGE OPTIONS 4 











Ceramic (D-28) 


AD574ASD 


AD574ATD 


AD574AUD 



NOTES 

‘Detailed Timing Specifications appear in the Timing Section. 

2 12/8 Input is not TTL-compatible and must be hard wired to Vlogic or Digital Common. 
3 The reference should be buffered for operation on ± 12V supplies. 

4 See Section 14 for package outline information. 

Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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STATUS 

STS 

DB1l\ 

MSB 


DB10 

DB9 


DB8 

DB7 


DB6 

DB5 


DIGITAL 

DATA 

OUTPUTS 


DB4 

DB3 

DB2 

DB1 

DBO 
LSB / 

DIGITAL COMMON 
DC 


AD574A Block Diagram and Pin Configuration 


ABSOLUTE MAXIMUM RATINGS* 

(Specifications apply to all grades, except where noted) 

Vcc to Digital Common 0 to + 16.5V 

V EE to Digital Common 0 to - 16.5V 

V logic to Digital Common 0 to +7V 

Analog Common to Digital Common ±1V 

Control Inputs (CE, CS, A 0} 12/8, R/C) to 

Digital Common . . -0.5V to V L ogic + 0.5V 
Analog Inputs (REF IN, BIP OFF, 10Vi N ) to 

Analog Common V EE to Vcc 

20Vin to Analog Common ± 24V 

REF OUT Indefinite short to common 

Momentary short to Vcc 


Chip Temperature 175°C 

Power Dissipation 825mW 

Lead Temperature, Soldering + 300°C, 10 sec. 

Storage Temperature (Ceramic) -65°C to + 150°C 

(Plastic) - 25°C to + 100°C 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational secdons of this specificauon is not 
implied. Exposure to absolute maximum rating condiuons for extended 
periods may affect device reliability. 


AD574A ORDERING GUIDE 


Model* 

Temp. Range 

Linearity Error 

MaX^mintoT^) 

Resolution 

No Missing Codes 
(T min tO T ma x) 

Max 

Full Scale 

T.C. (ppm/°C) 

AD574AJ(X) 

0 to + 70°C 

± 1LSB 

1 1 Bits 

50.0 

AD574AK(X) 

0 to + 70°C 

± 1/2LSB 

12 Bits 

27.0 

AD574AL(X) 

0 to + 70°C 

± 1/2LSB 

12 Bits 

10.0 

AD574AS(X) 

-55°Cto + 125°C 

± 1LSB 

11 Bits 

50.0 

AD574AT(X) 

- 55°C to + 125°C 

± 1LSB 

12 Bits 

25.0 

AD574AU(X) 

- 55°C to + 125°C 

± 1LSB 

12 Bits 

12.5 


NOTES 

*X = Package designator. Available packages are: 
D (D-28) for all grades. 

E (E-28) for J, K, S, T, U grades. 

N (N-28) for J, K, and L grades. 

P for PLCC in J , K grades. 

Example: AD574AKN is K grade in plastic DIP. 
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THE AD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 
TEMPERATURE RANGE 

DEFINITIONS OF SPECIFICATIONS 


LINEARITY ERROR 

Linearity error refers to the deviation of each individual code 
from a line drawn from “zero” through “full scale”. The point 
used as “zero” occurs 1/2LSB (1.22mV for 10 volt span) before 
the first code transition (all zeros to only the LSB “on”). “Full 
scale” is defined as a level 1 1/2LSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular code. 

The AD574AK, L, T, and U grades are guaranteed for maximum 
nonlinearity of ± 1/2LSB. For these grades, this means that an 
analog value which falls exactly in the center of a given code 
width will result in the correct digital output code. Values nearer 
the upper or lower transition of the code width may produce the 
next upper or lower digital output code. The AD574AJ and S 
grades are guaranteed to ± 1LSB max error. For these grades, 
an analog value which falls within a given code width will result 
in either the correct code for that region or either adjacent one. 

Note that the linearity error is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the AD574AK, L, T, and U grades, 
which guarantee no missing codes to 12-bit resolution, all 4096 
codes must be present over the entire operating temperature 
ranges. The AD574AJ and S grades guarantee no missing codes 
to 1 1-bit resolution over temperature; this means that all code 
combinations of the upper 1 1 bits must be present; in practice 
very few of the 12-bit codes are missing. 

UNIPOLAR OFFSET 

The first transition should occur at a level 1/2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following two pages. The unipolar offset temperature 
coefficient specifies the maximum change of the transition point 
over temperature, with or without external adjustment. 

BIPOLAR OFFSET 

In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 1/2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 


QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ± 1/2LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be reduced 
for a convener of given resolution. 


LEFT-JUSTIFIED DATA 

The data format used in the AD574A is left- justified. This 
means that the data represents the analog input as a fraction of 
4095 

full-scale, ranging from 0 to wo . This implies a binary point 
to the left of the MSB. 



FULL-SCALE CALIBRATION ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value 1 1/2LSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The full-scale 
calibration error is the deviation of the actual level at the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figures 3 and 4. 


TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T m ,„ or T m» . 


POWER SUPPLY REJECTION 

The standard specifications for the AD574A assume use of 
+ 5.00 and ± 15.00 or ± 12.00V supplies. The only effect of 
power supply error on the performance of the device will be a 
small change in the full-scale calibration. This will result in a 
linear change in all lower-order codes. The specifications show 
the maximum full-scale change from the initial value with the 
supplies at the various limits. 


CODE WIDTH 

A fundamental quantity for A/D converter specifications is the 
code width. This is defined as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to 1 least significant bit 
(LSB) of the full-scale range or 2.44mV out of 10 volts for a 
12-bit ADC. 
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CIRCUIT OPERATION 

The AD574A is a complete 12-bit A/D converter which requires 
no external components to provide the complete successive- 
approximation analog-to-digital conversion function. A block 
diagram of the AD574A is shown in Figure 1. 


+5V SUPPLY 
VlOGIC 

DATA MODE SELECT 
12/8 

CHIP SELECT 
CS 

BYTE ADDRESS/ 
SHORT CYCLE 
Ao 

READ/CONVERT 

R/C 

CHIP ENABLE 
CE 

+12/+15V SUPPLY 
V CC 

+ 10V REFERENCE 
REF OUT 

ANALOG COMMON 
AC 

REFERENCE INPUT 
REFIN 

-12/-15V SUPPLY 
Vee 

BIPOLAR OFFSET 
BIP OFF 

10V SPAN INPUT 
10V IN 

20V SPAN INPUT 
20V 1N 



STATUS 

STS 

DB1l\ 

MSB 

DB10 


OB8 

DB7 


DB6 

DB5 


DIGITAL 

DATA 

OUTPUTS 


DB2 

DB1 

DBO 
LSB / 

DIGITAL COMMON 
DC 


Figure 7. Block Diagram of AD574A 1 2-Bit A-to-D Converter 


When the control section is commanded to initiate a conversion 
(as described later), it enables the clock and resets the successive- 
approximation register (SAR) to all zeros. Once a conversion 
cycle has begun, it cannot be stopped or re-started and data is 
not available from the output buffers. The SAR, timed by the 
clock, will sequence through the conversion cycle and return an 
end-of-convert flag to the control section. The control section 
will then disable the clock, bring the output status flag low, and 
enable control functions to allow data read functions by external 
command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most significant bit 
(MSB) to least significant bit (LSB) to provide an output current 
which accurately balances the input signal current through the 
5kD (or lOkfl) input resistor. The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current stun to be greater or less than the input current; 
if the sum is less, the bit is left on; if more, the bit is turned 
off. After testing all the bits, the SAR contains a 12-bit binary 
code which accurately represents the input signal to within 
± 1/2LSB. 

The temperature-compensated buried zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ±0.2%; it can supply up to 1.5mA to an external 
load in addition to the requirements of the reference input resistor 
(0.5mA) and bipolar offset resistor (1mA) when the AD574A is 
powered from ± 15V supplies. If the AD574A is used with 
± 12V supplies, or if external current must be supplied over the 
full temperature range, an external buffer amplifier is recom- 
mended. Any external load on the AD574A reference must 
remain constant during conversion. The thin-film application 
resistors are trimmed to match the full-scale output current of 
the DAC. There are two 5kf)t input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kll bipolar offset resistor 
is grounded for unipolar operation and connected to the 10 volt 
reference for bipolar operation. 


DRIVING THE AD574 ANALOG INPUT 

The internal circuitry of the AD574 dictates that its analog 
input be driven by a low source impedance. Voltage changes at 
the current summing node of the internal comparator result in 
abrupt modulations of the current at the analog input. For 
accurate 12-bit conversions the driving source must be capable 
of holding a constant output voltage under these dynamically 
changing load conditions. 


FEEDBACK TO AMPLIFIER 



Figure 2. Op Amp - AD574A Interface 

The output impedance of an op amp has an open-loop value 
which, in a closed loop, is divided by the loop gain available at 
the frequency of interest. The amplifier should have acceptable 
loop gain at 500kHz for use with the AD574A. To check whether 
the output properties of a signal source are suitable, monitor the 
AD574’s input with an oscilloscope while a conversion is in 
progress. Each of the 12 disturbances should subside in l|xs or 
less. 

For applications involving the use of a sample-and-hold amplifier, 
the AD585 is recommended. The AD711 or AD544 op amps 
are recommended for dc applications. 

SAMPLE-AND-HOLD AMPLIFIERS 

Although the conversion time of the AD574A is a maximum of 
35|xs, to achieve accurate 12-bit conversions of frequencies greater 
than a few Hz requires the use of a sample-and-hold amplifier 
(SHA). If the voltage of the analog input signal driving the 
AD574A changes by more than 1/2LSB over the time interval 
needed to make a conversion, then the input requires a SHA. 

The AD585 is a high-linearity SHA capable of directly driving 
the analog input of the AD574A. The AD585’s fast acquisition 
time, low aperture and low aperture jitter are ideally suited for 
high-speed data acquisition systems. Consider the AD574A 
converter with a 35 |xs conversion time and an input signal of 
10V p-p: the maximum frequency which may be applied to 
achieve rated accuracy is 1.5Hz. However, with the addition of 
an AD585, as shown in Figure 3, the maximum frequency 
increases to 26kHz. 

The AD585’s low output impedance, fast-loop response, and 
low droop maintain 12-bits of accuracy under the changing load 
conditions that occur during a conversion, making it suitable for 
use in high-accuracy conversion systems. Many other SHAs 
cannot achieve 12-bits of accuracy and can thus compromise a 
system. The AD585 is recommended for AD574A applications 
requiring a sample and hold. 
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Figure 3. AD574A with AD585 Sample and Hold 


SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 

It is critically important that the AD574A power supplies be 
filtered, well regulated, and free from high-frequency noise. Use 
of noisy supplies will cause unstable output codes. Switching 
power supplies are not recommended for circuits attempting to 
achieve 12-bit accuracy unless great care is used in filtering any 
switching spikes present in the output. Remember that a few 
millivolts of noise represents several counts of error in a 12-bit 
ADC. 

Decoupling capacitors should be used on all power supply pins; 
the + 5 V supply decoupling capacitor should be connected 
directly from pin 1 to pin 15 (digital common) and the + Vex: 
and — V E e pins should be decoupled directly to analog common 
(pin 9). A suitable decoupling capacitor is a 4.7|xF tantalum 
type in parallel with a 0. 1 jxF disc ceramic type. 

Circuit layout should attempt to locate the AD574A, associated 
analog input circuitry, and interconnections as far as possible 
from logic circuitry. For this reason, the use of wire-wrap circuit 
construction is not recommended. Careful printed-circuit con- 
struction is preferred. 

GROUNDING CONSIDERATIONS 

The analog common at pin 9 is the ground reference point for 
the internal reference and is thus the “high quality” ground for 
the AD574A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the 
high-accuracy performance available from the AD574A in an 
environment of high digital noise content, the analog and digital 
commons should be connected together at the package. In some 
situations, the digital common at pin 15 can be connected to the 
most convenient ground reference point; analog power return is 
preferred. 


UNIPOLAR RANGE CONNECTIONS FOR THE AD574A 

The AD574A contains all the active components required to 
perform a complete 12-bit A/D conversion. Thus, for most 
situations, all that is necessary is connection of the power supplies 
( + 5, + 12/ + 15 and - 12/- 15 volts), the analog input, and the 
conversion initiation command, as discussed on the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4. 



Figure 4. Unipolar Input Connections 

All of the thin-film application resistors of the AD574A are 
trimmed for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the AD574AK guarantees ± 1LSB max 
zero offset error and ±0.25% (10LSB) max full-scale error. 
(Typical full-scale error is ± 2LSB.) If the offset trim is not 
required, pin 12 can be connected directly to pin 9; the two 
resistors and trimmer for pin 12 are then not needed. If the full- 
scale trim is not needed, a 50H ± 1% metal film resistor should 
be connected between pin 8 and pin 10. 

The analog input is connected between pin 13 and pin 9 for a 0 
to + 10V input range, between 14 and pin 9 for a 0 to + 20V 
input range. The AD574A easily accommodates an input signal 
beyond the supplies. For the 10 volt span input, the LSB has a 
nominal value of 2.44mV; for the 20 volt span, 4.88mV. If a 
10.24V range is desired (nominal 2.5mV/bit), the gain trimmer 
(R2) should be replaced by a 500 resistor, and a 2000 trimmer 
inserted in series with the analog input to pin 13 for a full-scale 
range of 20.48V (5mV/bit), use a 5000 trimmer into pin 14. 

The gain trim described below is now done with these trimmers. 
The nominal input impedance into pin 13 is 5kO, and lOkO 
into pin 14. 
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UNIPOLAR CALIBRATION 

The AD574A is intended to have a nominal 1/2LSB offset so 
that the exact analog input for a given code will be in the middle 
of that code (halfway between the transitions to the codes above 
and below it). Thus, the first transition (from 0000 0000 0000 to 
0000 0000 0001) will occur for an input level of + 1/2LSB (1 .22mV 
for 10V range). 

If pin 12 is connected to pin 9, the unit will behave in this 
manner, within specifications. If the offset trim (Rl) is used, it 
should be trimmed as above, although a different offset can be 
set for a particular system requirement. This circuit will give 
approximately ± 15mV of offset trim range. 

The full-scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.9963 for a 10V range). Trim R2 to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 

BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 5. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient, one or both of the trimmers shown can be replaced 
by a 500 ± 1% fixed resistor. Bipolar calibration is similar to 
unipolar calibration. First, a signal V^LSB above negative full 
scale ( - 4.9988V for the ± 5V range) is applied and Rl is trimmed 
to give the first transition (0000 0000 0000 to 0000 0000 0001). 
Then a signal IV 2 LSB below positive full scale ( + 4.9963V for 
the ± 5 V range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 



Figure 5. Bipolar Input Connections 

CONTROL LOGIC 

The AD574A contains on-chip logic to provide conversion initi- 
ation and data read operations from signals commonly available 
in microprocessor systems. Figure 6 shows the internal logic 
circuitry of the AD574A. 

The control signals CE, CS, and R/C control the operation of 
the converter . The state of R/C when CE and CS are both asserted 
determines whether a data read (R/C = 1) or a convert (R/C = 

0) is in progress. The register control inputs A 0 and 12/8 control 
conversion length and data format. The A 0 line is usually tied 
to the least significant bit of the address bus. If a conversion is 
started with A o low, a full 12-bit conversion cycle is initiated. If 



NOTE 2: 12/8 IS NOT A TTL COMPATIBLE INPUT AND SHOULD ALWAYS BE WIRED DIRECTLY TO 
Vtooic OR DIGITAL COMMON. 


Figure 6. AD574A Control Logic 

Ao is high during a convert start, a shorter 8-bit conversion 
cycle results. During data read operations, Ao determines whether 
the three-state buffers containing the 8 MSBs of the conversion 
result (A 0 = 0) or the 4 LSBs (A 0 = 1) are enabled. The 12/8 
pin determines whether the output data is to be organized as 
two 8-bit words (12/8 tied to DIGITAL COMMON) or a single 
12-bit word (12/8 tied to Vlogic)* The 12/8 pin is not TTL- 
compatible and must be hard-wired to either Vlogic or DIGITAL 
COMMON. In the 8-bit mode, the byte addressed when A 0 is 
high contains the 4 LSBs from the conversion followed by four 
trailing zeroes. This organization allows the data lines to be 
overlapped for direct interface to 8-bit buses without the need 
for external three-state buffers. 

It is not recommended that Ao change state during a data read 
operation. Asymmetrical enable and disable times of the three-state 
buffers could cause internal bus contention resulting in potential 
damage to the AD574A. 

An output signal, STS, indicates the status of the converter. 

STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 


CE 

CS 

R/C 

12/8 

Ao 

Operation 

0 

X 

X 

X 

X 

None 

X 

i 

X 

X 

X 

None 

1 

0 

0 

X 

0 

Initiate 12-Bit Conversion 

1 

0 

0 

X 

1 

Initiate 8-Bit Conversion 

1 

0 

1 

Pin 1 

X 

Enable 12-Bit Parallel Output 

1 

0 

1 

Pin 15 

0 

Enable 8 Most Significant Bits 

1 

0 

1 

Pin 15 

1 

Enable 4LSBs +4 Trailing Zeroes 




Table L 

AD574A Truth Table 


TIMING 

The AD574A is easily interfaced to a wide variety of micropro- 
cessors and other digital systems. The following discussion of 
the timing requirements of the AD574A control signals should 
provide the system designer with useful insight into the operation 
of the device. 
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CONVERT START TIMING - FULL CONTROL MODE 


Symbol 

Parameter 

Min 

Typ Max 

Units 

tDSC 

STS Delay from CE 


400 

ns 

tHEC 

CE Pulse Width 

300 


ns 

l SSC 

CStoCE Setup 

300 


ns 

tHSC 

CS Low During CE High 

200 


ns 

tSRC 

R/C to CE Setup 

250 


ns 

*HRC 

R/C Low During CE High 

200 


ns 

tSAC 

Ao to CE Setup 

0 


ns 

l HAC 

A 0 Valid During CE High 

300 


ns 

tc 

Conversion Time 





8-Bit Cycle 

10 

24 

M-S 


12-Bit Cycle 

15 

35 

M< s 


Figure 7 shows a complete timing diagram for the AD574A 
convert start operation. R/C should be low before both CE and 
CS are asserted; if R/C is high, a read operation will momentarily 
occur, possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion; however, use of CE is 
recommended since it includes one less propagation delay than 
CS and is the faster input. In Figure 7, CE is used to initiate 
the conversion. 



Figure 7. Con vert Start Timing 


Once a conversion is started and the STS line goes high, convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers cannot be enabled during 
conversion. 

Figure 8 shows the timing for data read operations. During data 
read operations, access time is measured from the point where 
CE and R/C both are high (assuming CS is already low). If CS 
is used to enable the device, access time is extended by 100ns. 



Figure 8. Read Cycle Timing 


In the 8-bit bus interface mode (12/8 input wired to DIGITAL 
COMMON), the address bit, A 0 , must be stable at least 150ns 
prior to CE going high and must remain stable during the entire 
read cycle. If Ao is allowed to change, damage to the AD574A 
output buffers may result. 


READ TIMING - FULL CONTROL MODE 


Symbol 

Parameter 

Min Typ 

Max 

Units 

tDD 1 

Access Time (from CE) 


200 

ns 

*HD 

Data Valid after CE Low 

25 


ns 

tHL 2 

Output Float Delay 


100 

ns 

tsSR 

CStoCE Setup 

150 


ns 

tsRR 

R/C toCE Setup 

0 


ns 

tsAR 

A 0 toCE Setup 

150 


ns 

tHSR 

CS_Valid After CE Low 

50 


ns 

tHRR 

R/C High After CE Low 

0 


ns 

tHAR 

A 0 Valid After CE low 

50 


ns 


'too is measured with the load circuit of Figure 9 and defined as the time required for an 
output to cross 0.4V or 2.4V. 

2 t H L is defined as the time required for the data lines to change 0.5 V when loaded with the 
circuit of Figure 10. 


+5V 



a. High-Z to Logic 1 b. High-Z to Logic 0 

Figure 9. Load Circuit for Access Time Test 



a. Logic 1 to High-Z b. Logic 0 to High-Z 

Figure 1 0. Load Circuit for Output Float Delay Test 

“STAND-ALONE” OPERATION 

The AD574A can be used in a “stand-alone” mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. 

In this mode, CE and 12/8 are wired high, CS and A 0 are wired 
low, and conversion is controlled by R/C. The three-state buffers 
are enabled when R/C is high and a conversion starts when R/C 
goes low. This allows two possible control signals - a high pulse 
or a low pulse. Operation with a low pulse is shown in Figure 
11. In this case, the outputs are forced into the high-^ 
impedance state in response to the falling edge of R/C and return 



Figure 1 1. Low Pulse for R/C- Outputs Enabled After 
Conversion 
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to valid logic levels after the conversion cycle is completed. The 
STS line goes high 600ns after R/C goes low and returns low 
300ns after data is valid. 

If conversion is initiated by a high pulse as shown in Figure 12, 
the data lines are enabjed during the time when R/C is high. 
The falling edge of R/C starts the next conversion, and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of R/C. 


R/C 


STS 


DB11-DB0 


1 

n. 


tHRH tDS 

— L_ 

■ . i 


I 


i 

HIGH 

tDDR , I— *-| 

— ] | ‘HDR | 

\ 

tc H 

HIGH-Z 

^ VALID 

■h— ' 

/ 



Figure 12. High Pulse for R/C - Outputs Enabled While R/C 
High, Otherwise High-Z 


STAND-ALONE MODE TIMING 


Symbol 

Parameter 

Min 

Typ Max 

Units 

*HRL 

Low R/C Pulse Width 

250 


ns 

tDS 

STS Delay from R/C 


600 

ns 

tHDR 

Data Valid After R/C Low 

25 


ns 

tHL 

Output Float Delay 


150 

ns 

tHS 

STS Delay After Data Valid 

300 

1000 

ns 

tHRH 

High R/C Pulse Width 

300 


ns 

tDDR 

Data Access Time 


250 

ns 


Usually the low pulse for R/C stand-alone mode will be used. 
Figure 13 illustrates a typical stand-alone confirguration for 
8086 type processors. The addition of the 74F/S374 latches 
improves bus access/release times and helps minimize digital 
feedthrough to the analog portion of the converter. 



Figure 13. 8086 Stand-Alone Configuration 

INTERFACING THE AD574A TO MICROPROCESSORS 

The control logic of the AD574A makes direct connection to 
most microprocessor system buses possible. While it is impossible 
to describe the details of the interface connections for eyery 
microprocessor type, several representative examples will be 
described here. 

GENERAL A/D CONVERTER INTERFACE 
CONSIDERATIONS 

A typical A/D converter interface routine involves several opera- 
tions. First, a write to the ADC address initiates a conversion. 
The processor must then wait for the conversion cycle to complete, 
since most ADCs take longer than one instruction cycle to complete 
a conversion. Valid data can, of course, only be read after the 
conversion is complete. The AD574A provides an output signal 
(STS) which indicates when a conversion is in progress. This 
signal can be polled by the processor by reading it through an 


external three-state buffer (or other input port). The STS signal 
can also be used to generate an interrupt upon completion of 
conversion, if the system timing requirements are critical (bear 
in mind that the maximum conversion time of the AD574A is 
only 35 microseconds) and the processor has other tasks to 
perform during the ADC conversion cycle. Another possible 
time-out method is to assume that the ADC will take 35 micro- 
seconds to convert, and insert a sufficient number of “do-nothing” 
instructions to ensure that 35 microseconds of processor time is con- 
sumed. 

Once it is established that the conversion is finished, the data 
can be read. In the case of an ADC of 8-bit resolution (or less), 
a single data read operation is sufficient. In the case of converters 
with more data bits than are available on the bus, a choice of 
data formats is required, and multiple read operations are needed. 
The AD574A includes internal logic to permit direct interface to 
8-bit or 16-bit data buses, selected by connection of the 12/8 
input. In 16-bit bus applications (12/8 high) the data lines (DB11 
through DB0) may be connected to either the 12 most significant 
or 12 least significant bits of the data bus. The remaining four 
bits should be masked in software. The interface to an 8-bit 
data bus (12/8 low) is done in a left- justified format. The even 
address (A0 low) contains the 8MSBs (DB11 through DB4). 

The odd address (A0 high) contains the 4LSBs (DB3 through 
DB0) in the upper half of the byte, followed by four trailing 
zeroes, thus eliminating bit masking instructions. 

It is not possible to rearrange the AD574A data lines for right- 
justified 8-bit bus interface. 


XXXO(EVENADDR): 


XXXI (ODD ADDR): 


Figure 14. AD574A Data Format for 8-Bit Bus 

SPECIFIC PROCESSOR INTERFACE EXAMPLES 
Z-80 System Interface 

The AD574A may be interfaced to the Z-80 processor in an I/O 
or memory mapped configuration. Figure 15 illustrates an I/O 
mapped configuration. The Z-80 uses address lines A0-A7 to 
decode the I/O port address. 


D7 DO 


DB11 

(MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 1 


DB3 

DB2 

DB1 

DB0 

(LSB) 

0 

0 

0 

Jj 



Figure 15. Z80-AD574A Interface 
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An interesting feature of the Z-80 is that during I/O operations 
a single wait state is automatically inserted, allowing the AD574A 
to be used with Z-80 processors having clock speeds up to 4MHz. 
For applications faster than 4MHz use the wait state generator 
in Figure 16. In a memory mapped configuration the AD574A 
may be interfaced to Z-80 processors with clock speeds of up to 
2.5MHz. 



IBM PC Interface 

The AD574A appears in Figure 17 interfaced to the 4MHz 8088 
processor of an IBM PC. Since the device resides in I/O space, 
its address is decoded from only the lower ten address lines and 
must be gated with AEN (active low) to mask out internal DMA 
cycles which use the sa me I/ O ad dress space. This active low 
signal is applied to CS. IOR and 10 W are used to initiate the 
conversion and read, and are gated together to drive the chip 
enable, CE. Because the data bus width is limited to 8 bits, the 
AD574A data resides in two adjacent addresses selected by AO. 



Figure 17. IBM PC- AD574A Interface 


Note: Due to the large number of of options that may be installed 
in the PC, the I/O bus loading should be limited to one Schottky 
TTL load. Therefore, a buffer/driver should be used when 
interfacing more than two AD574As to the I/O bus. 

8086 Interface 

The data mode select pin (12/8) of the AD574A should be connected 
to Vlogic to provide a 12-bit data output. To prevent possible 
bus contention, a demultiplexed and buffered address/data bus 
is recommended. In the cases where the 8-bit short conversion 
cycle is not used, AO should be tied to digital common. Figure 
18 shows a typical 8086 configuration. 


Vlogic 



Figure 18. 8086-AD574A with Buffered Bus Interface 

For clock speeds greater than 4MHz wait state insertion similar 
to Figure 16 is recommended to ensure sufficient CE and R/C 
pulse duration. 

The AD574A can also be interfaced in a stand-alone m ode (see 
Figure 13). A low-going pulse derived from the 8086’s WR 
signal logically ORed with a low address decode starts the con- 
version. At the end of the conversion, STS clocks the data into 
the three-state latches. 

68000 Interface 

The AD574, when configured in the stand-alone mode, will 
easily interface to the 4MHz version of the 68000 microprocessor. 
The 68000 R/W signal co mbin ed with a low address decode 
initiates conversion. T he UPS o r LDS signal, with the decoded 
address, generates the DTACK input to the processor, latching 
in the AD574A’s data. Figure 19 illustrates this configuration. 



Figure 19. 68000 -AD574A Interface 
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□ ANALOG 
DEVICES 


Complete 10-Bit A/D Converter 
with Serial Output 


A0575* 


FEATURES 

Complete Serial Output 10-Bit A/D Converter with 
Reference, Clock and Comparator 
30ps Conversion 

No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 
Internal or External Clock 
Triggered or Continuous Conversions 
Short Cycle Capability 


GENERAL DESCRIPTION 

The AD575 is a complete 10-bit successive-approximation analog- 
to-digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
serial interface on a single chip. No additional components are 
required to perform a full-accuracy 10-bit conversion in 30jjls. 

The AD575 incorporates the most advanced integrated circuit 
design and processing technology available. The successive 
approximation function is implemented with I 2 L (integrated 
injection logic). Laser trimming of the SiCr thin-film resistor 
ladder network at the wafer stage insures high accuracy, which 
is maintained with a temperature-compensated sub-surface zener 
reference. 

Operating on supplies of + 5V and - 12V to - 15V, the AD575 
will accept full scale analog inputs of OV to + 10V, OV to + 20V, 
- 5V to + 5V or — 10V to + 10V. The rising edge of a positive 
pulse on the CONVERT line initiates the conversion cycle. 
Eleven pulses will appear at the CLOCK OUTPUT pin with 
data valid on the falling edges of the clock waveform. The data 
is presented serially beginning with the MSB which is valid on 
the falling edge of the second clock pulse. The part may be 
programmed to perform 8-bi t con versions or short cycled to 2-, 
4-, 6- or 8-bit word lengths. EOC indicates that conversion is 
complete. The AD575 may be synchronized to an external clock 
if desired. 


AD575 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 

V + V- COMMON CONVERT 



CLOCK 

INHIBIT 


EXTERNAL 

CLOCK 

CLOCK OUTPUT 


DATA OUTPUT 


SHORT CYLE 
AND TERMINATE 


END OF 
CONVERSION 


Two package types are available. All versions are offered in a 

14-pin hermetically-sealed ceramic DIP. The AD575J and 

AD575K are also available in a 14-pin plastic DIP. 

PRODUCT HIGHLIGHTS 

1. The AD575 is a complete 10-bit A/D converter. No external 
active components or control signals are required to perform 
a conversion. 

2. The serial output of the AD575 allows a wide range of micro- 
processor interfacing and data transmission possibilities. 

3. The device offers true 10-bit relative accuracy and exhibits 
no missing codes over its entire operating temperature range. 

4. The AD575 adapts to unipolar or bipolar analog inputs by 
grounding or opening a single pin. 

5. Performance is guaranteed with + 5V and - 12V or - 15V 
supplies. 

6. The AD575 can be synchronized to an external clock. 

7. Conversions can be initiated externally or internally. 

8. The AD575 can be short-cycled to 8 bits by pin 
programming. 

9. The Short Cycle and Terminate feature allows the user to 
program conversions of 2, 4, 6 or 8 bits. 


The AD575 is available in two versions for the 0 to + 70°C 
temperature range, the AD575J and AD575K. The AD575S 
guarantees ± 1LSB relative accuracy and no missing codes from 
- 55°C to -+- 125°C. 


♦Protected by U.S. Patent Nos. 3,940,760; 4,400,689; and 4,400,690. 
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SPECIFICATIONS (@ 25°C, Y+ = +5V, Y- = — 12Y or —15V, unless otherwise noted) 



1 

AD575J 


AD575K 

AD575S 



Min 

Typ 

Max 

Min 

Typ 1 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 





■ 






For Which No Missing Codes 





1 






is Guaranteed 

10 



10 



10 



Bits 

Tmin I® T max 

9 



10 



10 



Bits 

UNIPOLAR OFFSET 



±2 



±1 



±2 

LSB 

TmintoTmax 



±2 



±1 



±2 

LSB 

BIPOLAR ZERO 



±2 



±1 



msmm 

LSB 

Tmin tO T max 



±2 



±1 



mm 

LSB 

GAIN ERROR 1 


±2 




±2 




LSB 

GAIN DRIFT 2 









mm 


Tmin tO +25°C 

■ | 

■ 

±2 


| 

±1 

mi 

| 


LSB 

+ 25°C to T max 



±4 


| 

±2 



In 

LSB 

RELATIVE ACCURACY 3 



±1 

■ 

1M| 

±1/2 

■ 


±i 

LSB 

T min tO T max 



±1 


gll 

±1/2 



±i 

LSB 

POWER SUPPLY REJECTION 4 




■ 




■ 



Positive Supply: 




■ 


m^i 


m 



+ 4.5V<V + < + 5.5V 



±2 


| 




±2 

LSB 

Negative Supply: 





mi 






-15.75V<V-<- 14.25V 



±2 

■ 

m 


i 

i 

±2 

LSB 

-12.6V<V-<- 11.4V 



±2 


ii 

wsm 

i 


±2 

LSB 

ANALOG INPUT IMPEDANCE 











Pin 1 , Pin 2 

6 

10 

14 

6 

10 

14 

6 

10 

14 

kfl 

ANALOG INPUT RANGES 











Unipolar 

OtolO 


OtolO 


OtolO 


V 


0to20 


Oto 20 


Oto 20 


V 

Bipolar 


- 5 to +5 



- 5 to + 5 



- 5 to + 5 


V 



-lOto + 10 


-lOto + 10 


-10to + 10 

V 

OUTPUT CODING 











Unipolar 

NEGATIVE TRUE BINARY 

NEGATIVE TRUE BINARY 

NEGATIVE TRUE BINARY 


Bipolar 

NEGATIVE TRUE OFFSET 

NEGATIVE TRUE OFFSET 

NEGATIVE TRUE OFFSET 



BINARY 


| BINARY 


| BINARY 



LOGIC OUTPUTS (T^ tO Tmax) 

H 


1 

mm 

■ 


■■ 




Vol @ Isink = 3.2mA 

DH 


mC' 



0.4 



0.4 

V 

Voh @ Isource = 0.5mA 

U 


5.0 

19 

|BiBj! 

5.0 

hM 


5.0 

V 

LOGIC INPUTS (Tmin to Tmax) 





■ 



■ 



Iinh@V in = 5V 5 



+ 50 



+ 50 


m 

+ 50 

|xA 

Iinl@Vi N = 0V 5 

-800 



-800 



-800 



|xA 

Vinh 

2.0 


5.5 

2.0 


5.5 

2.0 

mm 

5.5 

V 

Vinl 

0 


0.8 

0 

| 9 §1 

0.8 

0 


0.8 

V 

CONVERSION TIME (T^n to Tmax) 







■as 




Internal Clock 

10 

20 

30 

10 

20 


wm 

20 

30 

|XS 

External Clock 

25 



25 



m 1 



|XS 

POWER SUPPLY 




mm 

■■■■ 


■ 




V + 

+ 4.5 


+ 5.5 



+ 5.5 

I*.™ 


+ 5.5 

V 

V- 

-11.4 


-15.75 

| -11.4 


-15.75 

Hill 


-15.75 

V 

OPERATING CURRENT 





■ 


■ 




V + 


15 

25 

■ 

15 

25 

m 

15 

25 

mA 

V- 


9 

15 

■ 


15 

i 

9 

15 

mA 


NOTES 

'Gain Error is specified with a 1 50 resistor in series with the 10V input (Pins 1 and 2 tied together) or a 
300 resistor in series with the 20V input (Pin 1 with Pin 2 tied to analog common). 

Gain Error is guaranteed trimmable to zero (see text). 

2 The gain drift is calculated from gain measurements at the extremes of the temperature range under consideration. 

3 Relative Accuracy, also referred to as Integral Linearity, is defined as the deviation of the code transition points 
from the ideal transfer points on a straight line from zero to full-scale. It is also a measure of the error which 
remains when offset and full scale errors are trimmed to zero in an application. 

4 Measured at full scale . 

5 These specifications apply to the CONV, XCL, and SCA T inputs. CLI is hardwired to DGND or + V s in most applications. 
Typically Iinh = + 350jxA and Ii NL = 120pA for the CLI input. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used 
to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface 
are tested on all production units. 

Specifications subject to change without notice. 
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AD575 


ABSOLUTE MAXIMUM RATINGS 


V + to Digital Common 0 to 4- 7V 

V-to Digital Common 0 to - 16.5V 

Analog Common to Digital Common ±1V 

Analog Inputs (V-) -0.3V to + 22V 

Control Inputs 0 to V + 

Power Dissipation 800mW 


NOTE 

All pins must be kept more positive than (V - ) - 0. 3V. 


AD575 ORDERING GUIDE 


Model 

Package 

Options* 

Temperature 
Range -°C 

Relative 

Accuracy 

AD575JN 

N-14 

0 to + 70 

± ILSBmax 

AD575KN 

N-14 

Oto + 70 

± l/2LSBmax 

AD575JD 

D-14 

Oto + 70 

± ILSBmax 

AD575KD 

D-14 

0 to + 70 

± l/2LSBmax 

AD575SD 

D-14 

-55 to + 125 

± 1LSB max 


*See Section 14 for package outline information. 


FUNCTIONAL DESCRIPTION 

A block diagram of the AD575 is shown in Figure 1. A c onver sion 
is initiated by a positive pulse on the CONVERT line. EOC 
goes high within 150ns indicating that a conversion has started. 
The internal 10-bit current-output DAC is sequenced by the 
successive approximation register (SAR) from most significant 
bit to least significant bit to provide an output current which 
accurately balances the input signal current through the lOkfl 
input resistor(s). The comparator determines whether the addition 
of each successively-weighted bit current causes the DAC current 
to be higher or lower than the input current. If the sum is less 
the bit is left on (DO set low). If the sum is more, the bit is 
turned off (DO set high). The result of each bit decision is 
passed to DO on the rising edge of CO. 



BIPOLAR OFFSET 

DIGITAL 

COMMON 

V + 

DATA OUTPUT 

CLOCK OUTPUT 

END OF 
CONVERSION 

CLOCK INHIBIT 


Figure 2. AD575 Pin Connections 



After all bits have been tested, the DAC output current will 

match the input signal current to within 0.05% (1/2LSB). EOC 
returns low after the final bit decision to indicate that the AD575 
has been reset and is ready to perform a new conversion. The 
output data stream can be synchronized to an external clock 
using the XCL input and short cycled to any desired word 
length using the SCAT line. 

The AD575 contains all the active components required to 
perform a complete A/D conversion. Thus, for many applications, 
all that is necessary is to connect the power supplies ( + 5V and 
— 12V or - 15V), and the analog input. The pinout is shown in 
Figure 2. 


Figure 1. AD575 Functional Block Diagram 
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ANALOG INPUT CONNECTIONS 

The AD575 can be configured for unipolar or bipolar operation 
on 10V span or 20V span input signals. The appropriate input 
range is selected by connecting pins 2 and 14 according to the 
table of Figure 3. 

The AD575’s low offset and gain errors (shown in the Specifica- 
tions) are adequate for most applications. For these cases, a 
fixed gain resistor (R2 in Figure 3) is the only external component, 
in addition to any power supply decoupling that may be required. 
Pins 3 and 13 should be connected directly together. 

Figure 3 shows a trimming circuit that can be used to adjust the 
offset to zero, using the appropriate value of the R1 potentiometer 
as shown in the table. If gain trim is required, R2 should also 
be replaced by the appropriate potentiometer as shown in the 
table. 


ANALOG INPUT RANGE 

CONNECTIONS 
PIN 2 PIN 14 

COMPONENTS 

R1 (OFFSET) R2 (GAIN) 

0V TO +10V 

PIN 1 

PIN 13 

1011 

150 FIXED OR 5011 POT 

0V TO +20V 

PIN 3 

PIN 13 

2011 

300 FIXED OR 1000 POT 

-5VTO +5V 

PIN 1 

OPEN 

1011 

150 FIXED OR 500 POT 

-10V TO + 10V 

PIN 3 

OPEN 

200 

300 FIXED OR 1000 POT 



Figure 3. AD575 Input Circuit Showing Offset and Gain 
Adjustment 


UNIPOLAR MODE OPERATION 

In unipolar mode, the nominal location of the low side transition 
of the first code (1111111110) occurs at an input voltage of 
+ 1LSB (lOmV for the 10V span, 20mV for the 20V span). The 
offset error of the AD575 can be trimmed out, if required, by 
applying an input voltage of + 1LSB to the analog input and 
adjusting R1 until the low side transition of the first code 
occurs. 

If the Gain Error needs to be trimmed, the gain resistor should 
be replaced with a potentiometer according to Figure 3. The 
nominal location of the low side transition of the full scale code 
(0000000000) in unipolar mode is full scale minus 1LSB (9.99V 
for 10V span, 19.98V for 20V span). Once the offset has been 
adjusted, the full scale range can be set by adjusting the gain 
potentiometer. 


BIPOLAR CONNECTION 

If the bipolar offset control (pin 14) is left open, the AD575 will 
accept bipolar input voltages with 0V as the nominal bipolar 
zero point. The input voltage corresponding to the low side 
transition of the mid-scale code (01 1 1 1 1 1 1 1 1) is - 1/2LSB ( - 5mV 
for 10V spans and — lOmV for 20V spans). The nominal location 
of the code transitions are therefore offset by 1/2LSB as shown 
in Figure 4. This offset may be adjusted using the trim scheme 
shown in Figure 3 with a 1.2kO resistor in place of the lkfl 
resistor shown. 



Figure 4. AD575 Transfer Characteristic (Bipolar 
Operation ) 

The gain error should be adjusted after any offset adjustment. 
An input voltage of full scale minus 1 l/2LSBs is applied (4.985V 
for -5V to + 5V range, 9.971V for - 10V to + 10V range) and 
R2 is adjusted until the low-side transition of the full scale code 
(0000000000) occurs. 

The bipolar offset control input is not directly TTL compatible, 
but a TTL interface for logic control can be constructed as 
shown in Figure 5. 


+ 5V 



GATE OUTPUT = 1 UNIPOLAR INPUT RANGE 

GATE OUTPUT = 0 BIPOLAR INPUT RANGE 


Figure 5. Bipolar Offset Controlled by Logic Gate 
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CONTROL AND TIMING OF THE AD575 

The AD575 has a flexible control architecture which supports 
several operating modes. It can provide its own clock or it can 
be synchronized to an external clock. Conversions can be initiated 
externally, or the part can perform continuous conversions yielding 
a stream of output data. In addition, the AD575 can be short-cycled 
to any of several convenient data word lengths to tailor the 
output to the specific input requirements of the system. Figure 
6 shows the control logic diagram of the AD575. The four inputs 
which control the operation of the AD575 are CONV (convert), 
CLI (clock inhibit), XCL (external clock), and SCAT (short 
cycle and terminate). Three outp uts are provided: DO (Data 
Out), CO (Clock Out), and EOC (End of Conversion). 

EXTERNALLY INITIATED CONVERSIONS 

Figure 7 is the timing diagram which illustrates the operation of 
the AD575 with an externally applied convert signal. Conversions 
are initiated by a positive-going pulse applied to the CONV 
(convert) input. This pu lse sh ould be at least 250ns wide and 
should return low before EOC returns low to prevent the initiation 
of a second conversion. If the internal clock is used, the clock 
will start on the rising edge of the convert start pulse. If an 
external clock is used, the falling edge of the clock must occur 
no earlier than 900ns following the rising edge of the convert com- 
mand. 

INTERNAL CLOCK MODE 

The AD575 can be configured for internal clock operation by 
tying CLI and XCL to + 5 V. CO (clock output) provides the 
necessary syn chronizing information in this mode. Data is trans- 
ferred to DO on the rising clock edge and is stable on the falling 
edge. The duty cycle of the CO waveform in this mode will be 
in the range of 30% to 70%. 

EXTERNAL CLOCK MODE 

When CLI is connected to digital common, an external clock 
can be applied to XCL. The external clock should have a maximum 
frequency of 450kHz with a minimum of 900ns in the high or 
low phase. Arbitrarily slow clocks may be used as long as these 



Figure 6. AD575 Control Logic Diagram 

minimum high and low periods are observed. Conversion time 
will increase as clock frequency decreases. Each data bit will be 
stable within 150ns of the rising edge of the associated external 
clock pulse and will remain stable until the rising edge of the 
subsequent clock pulse. Data is guaranteed to be stable on the 
falling edge of the clock pulse. 

The state of the DO output during the first clock period is 
undefined but it is stable until the risin g edge of the second 
clock period. The MSB appears at DO during the second clock 
period. The subsequent data bits are then clocked out until the 
bit or LSB is clocked out on the (N + 1)* clock pulse. EOC 
returns low within 150ns of the rising edge of this final clock 
pulse. In internal clock mode, the output clock pulse associated 
with the LSB is shorter than the others but the LSB is guaranteed 
to be stable on the falling edge of this pulse. The LSB will 
remain stable until a new conversion is initiated. The value of N 
will be 10 unless the conversion has been short cycled (see “short 
cycle and terminate” text). 
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Figure 8. Continuous Conversion Mode (CON V. Held High ) 


CONTINUOUS CONVERSIONS 

Figure 8 is the timing diagram associated with the con tinuo us 
conversion mode of operation. If CONV is high when EOC goes 
low, another conversion will begin immediately. EOC will be set 
(high) following the falling edge of the (N + l) st CO pulse and 
conversion commences with the rising edge of the next CO 
pulse. The (N + l) st CO pulse is not shortened in this mode. If 
CONVERT is held high the AD575 will pu t out a continuous 
stream of conversions, punctuat ed by EOC which will mark the 
last clock pulse of a conversion. EOC will remain low until the 
falling edge of C O, the output clock, in this mode. Therefore, 
the rising edge of EOC may be used to signal that conversion is 
complete and that data is transferred. This sequence is useful 
for initiating parallel dumps from a serially loaded shift register. 

SHORT CYCLE AND TERMINATE 

For nor mal 10-bit operation, the Short Cycle and Terminate 
(SCAT ) line should be tied high. If 8-bit c onver sions are required, 
SCAT should be tied low. In this mode, EOC will go low after 
the rising edge of the ninth clock pulse to indicate that the 
eighth and final data bit is valid. This mode is useful when 
parallel loads to 8-bit data buses are desired since it avoids the 
complication of suppressing the 9th and 10th data bits. 

Conve rsions of 2, 4, 6 or 8 bits can be performed by pulling 
SCAT low during the negative clock phase prior to the positive 


clock associated with the desired LSB. Figure 9 illustrates the 
timing associated with this mode of operatio n. For example, to 
terminate the conversion after six data bits, SCAT should be 
driven low d uring the negative clock phase following the sixth 
clock pulse. EOC will then go low following the rising edge of 
the seventh clock pulse to indicate that the sixth and final data 
bit is valid. 

This terminate feature can also be used to program conversions 
of 1, 3, 5, 7 or 9 bits. However, the conversion immediately 
following a conversion of an odd number of data bits will be 
spurious. All subsequent conversions will be normal until the 
conversion following another odd data word length conversion. 

The negative edge of the SCAT signal should always occur 
during the negative phase of a clock cycle and it should be held 
low for a minimum of 900ns. SCAT may be held low into the 
next conversion but it must be restored high at least o ne cloc k 
cycle prior to being used to terminate a conversio n. If SCAT is 
not restored high prior to the eighth clock pulse, EOC will go 
low and an 8-b it sh ort cycle will occur. Care should be taken 
not to pulse SCAT from high to low between conversions (when 
EOC is low). This would initiate a terminate sequence which 
will execute on the rising edge of the first clock pulse following 
the next Convert command. 


CONTINUOUS 

CONVERSION 

- —V V7 “ ^ 
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Parameter 


AD575 


Symbol Min Typ Max Units 


EXTERNALLY-INITIATED CONVERSIONS 

Convert Pulse Width 

tcs 

300 


ns 

Convert to EOC Delay 

tDCS 


150 

ns 

CO LSB Clock Pulse Width 

[ WL 

400 


ns 

XCL to EOC Reset 

tDSX 

50 

150 

ns 

tCOto* EOC Reset Delay 

tDSI 

20 

150 

ns 

CONTINUOUS CONVERSIONS 

4 XCL to 4 EOC Reset Delay 

tDCL 

50 

150 

ns 

XCL to 4 EOC Delay 

tDCH 

50 

1000 

ns 

INTERNAL CLOCK TIMING 

Conversion Time 

tcc 

10 20 

30 

p.s 

CO to DO Output Delay 

tDDI 

-100 

+ 100 

ns 

EXTERNAL CLOCK TIMING 


Conversion Time 

tcc 

25 


fXS 

4 XCL to DO Output 

tDDX 

30 

150 

ns 

XCL to CO Output 

tDXC 

30 

160 

ns 

4* Convert to \k XCL 

tDCC 

900 


ns 

Set-Up Time 

XCL Period 

tcE 

2.2 


M'S 

XCL High 

tCH 

900 


ns 

XCL Low 

tCL 

900 


ns 


SHORT CYCLE TIMING 


SCAT Pulse Width tscw | 900 | ns 

Table I. AD575 Timing Specifications 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD575 

Many data acquisition systems for digitizing rapidly changing 
signals require a sample-hold amplifier (SHA) in front of the 
A/D converter. A SHA can be used to accurately define the 
exact point in time at which the signal is sampled. A SHA can 
also serve as a high input-impedance buffer for the AD575. 

Figure 10 shows the AD575 connected to the AD585 monolithic 
SHA. In this configuration, the AD585 will acquire a 10V signal 
in less than 2|xs and droop less than lmV/ms using the on-chip 
hold capacitor. 

EOC goes high after the conversion is initiated to indicate that a 
conversion is underway. In Figure 10 it is also used to put the 
AD585 into the hold mode while the AD575 begins its conversion 
cycle. (The AD585 output settles to final value well in advance 
of the first comparator decision within the AD575.) EOC goes 
low when the conversion is complete placing the AD585 back in 
the sample mode. 

Configured as shown in Figure 10, the next conversion can be 
initiated after a 2|xs delay to allow for signal acquisition by the 
AD585. 



SUPPLY DECOUPLING AND LAYOUT 

For proper operation, the AD575 , s power supplies should be 
free from high-frequency noise. The stability of the transfer 
function is especially sensitive to noise on the V - supply. Noise 
on the V + supply can also propagate to the digital outputs. 

If decoupling is required, tantalum capacitors are suggested. 

Best results will be obtained if the capacitors are connected 
directly to the appropriate pins of the AD575. Decoupling 
capacitors for V - should be connected between pin 4 and Analog 
Common (pin 3). Decoupling capacitors for V + should be 
connected between pin 12 and Digital Common (pin 13). 

Good circuit layout practice suggests that the AD575 and its 
associated analog input circuitry be kept separate from system 
logic circuitry to avoid unwanted interactions. 

GROUNDING CONSIDERATIONS 

The AD575 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200mV of common-mode voltage between the two commons. 
The absolute maximum voltage rating between the two commons 
is ± IV. A parallel pair of back-to-back protection diodes should 
be connected between the commons if they are not connected 
locally. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 
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AD575 TO 8085 INTERFACE 

The 8085 has both serial output (SOD) and serial input (SID) 
capability. A simple 3 hardware line interface can be constructed 
between the AD575 and 8085. These leads can be opto-coupled 
in order to establish galvanic isolation between the two devices 
as shown in Figure 11. 

The software routine in Table II will read a complete 10-bit 
data word from the AD575 in 180|as (3MHz 8085). The software 
generates the clock for the AD575 in order to synchronize the 
data output with the 8085 serial read operation. 

The DATA procedure loads appropriate constants into the 8085 
registers and initiates the conversion. The CONV procedure 
assumes that the AD575 clock was in the high state when the 
CONVERT pulse was generated (upon completion, this sample 
routine leaves the SOD line in the appropriate state to insure 
this). A low clock pulse is generated, and the data bit is read 
into the MSB of the accumulator. The data bit is then shifted 
into the LSB of the temporary register (L), the clock is set 
high, and the procedure is repeated. 

After the loop has executed three times, a logical AND is performed 
to set the first bit (the undefined bit) to zero, and the result is 
placed into the high byte (H) register. The loop counter is then 
reset, and the CONV procedure is executed 8 more times. Upon 
completion of the sample routine, 10 bits of right-justified data 
will reside in the HL register pair. 

Note that the opto-isolators invert the clock and data lines. If 
these are not used (no inversion present), the constants in the D 
and E registers should be swapped, a CMA instruction should 
be inserted after the RIM instruction, and an inverter should be 
connected between the address decoder and the CONVERT 
pin. Also, the results of the first pass through the routine should 
be ignored following power up and reset cycles to insure that 
the AD575 has been reset. 


LABEL 

MNEMONIC 

OPERAND 

COMMENT 

DATA 

MVI 

B,03 

Set inner loop counter to 3 


MVI 

C,02 

Set outer loop counter to 2 


MVI 

D,CO 

Setup register D for clock low 


MVI 

E,40 

Setup register E for clock high 


MVI 

H,10 

AD575 address location 


MVI 

L,00 

Clear temp register 


MOV 

M,B 

Generate CONVERT pulse 

CONV 

MOV 

A,D 

Setup ACC for clock low 


SIM 


Output clock low 


RIM 


Read AD575 data bit into ACC 


RAL 


Shift data bit into Carry 


MOV 

A,L 

Move temp to ACC 


RAL 


Shift data bit from Carry to ACC 


MOV 

L,A 

Replace temp 


MOV 

A,E 

Setup ACC for clock high 


SIM 


Output clock high 


DCR 

B 

Decrement inner loop counter 


JNZ 

CONV 

Repeat CONV until done 


DCR 

C 

Decrement outer loop counter 


JZ 

DONE 

Skip to DONE on 2nd pass 


MOV 

A,L 

Move temp to ACC 


ANI 

03 

Mask undefined bit 


MOV 

H,A 

Store temp in H register 


MVI 

B,OB 

Set inner loop counter to 8 


JMP 

CONV 

Repeat CONV for 8 LSBs 

DONE 

RET 


10 bits of right-justified data 
now reside in HL; return 


Table II. Sample Assembly Code for AD575 to 8085 Isolated 
Interface 



Figure 1 1. AD575 to 8085 Isolated Interface 
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□ ANALOG 
DEVICES 


AD578 


Very Fast, Complete 
12-Bit A/D Converter 


FEATURES 

Performance 

Complete 12-Bit A/D Converter with Reference and 
Clock 

Fast Conversion: 3ps (max) 

Buried Zener Reference for Long Term Stability and 
Low Gain T.C.: ±30ppm/°C max 
Max Nonlinearity: <±0.012% 

No Missing Codes Over Temperature 
Low Power: 875mW 
Hermetic Package Available 
Available to MIL-STD-883 

Versatility 

Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 

Precision + 10V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ± 12V Supplies 


AD578 FUNCTIONAL BLOCK DIAGRAM 


BIT 12 
BIT 11 
BIT 10 
BIT 9 
BIT 8 
BIT 7 
BIT 6 
BIT 5 
BIT 4 
BIT 3 
BIT 2 
BIT 1 
BiTT 
SHORT CYCLE 
DIGITAL GND 
+5V 



GENERAL DESCRIPTION 

The AD578 is a high speed 12-bit successive approximation 
analog- to-digital converter that includes an internal clock, refer- 
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit monolithic 
DAC to provide superior performance and versatility with IC 
size, price and reliability. 

Important performance characteristics of the AD578 include a 
maximum linearity error at +25°C of ±0.012%, maximum gain 
temperature coefficient of ± 30ppm/°C, typical power dissipation 
of 875mW and maximum conversion time of 3(xs. 

The fast conversion speeds of 3|xs (L grade) 4.5|xs (K, T grades) 
and 6|xs (J, S grades) make the AD578 an excellent choice in a 
variety of applications where system throughput rates from 
166kHz to 333kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the AD578 includes scaling resistors that provide 
analog input signal ranges of ± 5V, ± 10V, 0 to + 10V or 0 to 
+ 20V. Adding flexibility and value is the + 10V precision 
reference which can be used for external applications. 

The AD578 is available with either the polymer seal (N) for use 
in benign environmental applications or hermetic solder- 
seal (D) for more harsh or rigorous surroundings. Both are 
contained in a 32-pin side-brazed, ceramic DIP. 

The AD578S, T are available processed to MIL-STD-883 Level 
B, Method 5008. 


PRODUCT HIGHLIGHTS 

1. The AD578 is a complete 12-bit A/D converter. No external 
components are required to perform a conversion. 

2. The fast conversion rate of the AD578 makes it an excellent 
choice for high speed data acquisition and digital signal proc- 
essing applications. 

3. The internal buried zener reference is laser trimmed to 10.00V 
± 1.0% and ± 15ppm/°C typical T.C. The reference is available 
for external use and can provide up to 1mA. 

4. The scaling resistors are included on the monolithic DAC for 
exceptional thermal tracking. 

5. The component count is minimized, resulting in low bond 
wire and chip count and high MTBF. 

6. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds and/or lower 
resolutions. 

7. The integrated package construction provides high quality 
and reliability with small size and weight. 
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SPECIFICATIONS 


(typical @ +25°C, ± 15V and +5V unless otherwise noted) 


Model 

AD578J 

AD578K 

AD578L 

AD578SD 1 

AD578TD 1 

RESOLUTION 

12 Bits 

* 

* 

★ 

* 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 

± 5.0V, ± 10V 

★ 

★ 

★ 

★ 

Unipolar 

0 to + 10V, 0 to + 20V 

* 

* 

* 

★ 

Input Impedance 

Oto + lOV, ±5V 

5kfl 

* 

★ 

★ 

* 

± 10V, 0 to + 20V 

lOkG 

* 

★ 

★ 

* 

DIGITAL INPUTS 

Convert Command 2 

1LSTTL Load 

* 

* 

★ 

★ 

Clock Input 

ILSTTLLoad 

* 

* 

* 

* 

TRANSFER CHARACTERISTICS 

Gain Error 3,4 

± 0. 1% FSR, ± 0.25% FSR max 

* 

★ 

★ 

* 

Unipolar Offset 4 

±0.1%FSR, ±0.25% FSR max 

★ 

★ 

★ 

★ 

Bipolar Error 4,5 

±0.1% FSR, ±0.25% FSR max 

★ 

★ 

* 

★ 

Linearity Error, 25°C 

± 1/2LSB max 

★ 

★ 

★ 

★ 

T min tO T max 

± 3/4LSB 

* 

★ 

± 3/4LSB max 

± 3/4LSB max 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+ 25°C 

12 Bits 

★ 

★ 

★ 

* 

Tmin tO Tjnax 

12 Bits 

★ 

* 

★ 

★ 

POWER SUPPLY SENSITIVITY 

+ 15V ± 10% 

0.005%/%AV s max 

★ 

* 

★ 

★ 

- 15V ± 10% 

0.005%/%AV s max 

* 

★ 

* 

★ 

+ 5V ±10% 

0.005%/%AV s max 

★ 

* 

* 

★ 

TEMPERATURE COEFFICIENTS 

Gain 

± 15ppm/°Ctyp 

* 

* 

* 

★ 


± 30ppm/°C max 

★ 

* 

± 50ppm/°C max 

± 30ppm/°C max 

Unipolar Offset 

± 3ppm/°C typ 

★ 

* 

it 

* 


± 10ppm/°C max 

★ 

★ 

± 1 5ppm/°C max 

± 10ppm/°C max 

Bipolar Offset 

± 8ppm/°C typ 

* 

* 

* 

if 


± 20ppm/°C max 

★ 

* 

± 25ppm/°C max 

± 20ppm/°C max 

Differential Linearity 

± 2ppm/°C typ 

* 

★ 

★ 

★ 

CONVERSION TIME 6,7,8 (max) 

6.0p.s 

4 . 5 |as 

3ps 

6.0|xs 

4.5p.s 

PARALLEL OUTPUTS 

Unipolar Code 

Binary 

* 

★ 

★ 

if 

Bipolar Code 

Offset Binary/Two’s Complement 

★ 

* 

★ 

* 

Output Drive 

2LSTTL Loads 

* 

★ 

* 

if 

SERIAL OUTPUTS (NRZ FORMAT) 

Unipolar Code 

Binary/Complementary Binary 

★ 

* 

★ 

* 

Bipolar Code 

Offset Binary /Comp. Offset Binary 

★ 

* 

* 

* 

Output Drive 

2LSTTL Loads 

★ 

★ 

* 

* 

END OF CONVERSION (EOC) 

Logic “1” During Conversion 

* 

★ 

★ 

★ 

Output Drive 

8LSTTL Loads 

★ 

★ 

* 

★ 

INTERNAL CLOCK 8 

Output Drive 

2LSTTL Loads 

★ 

if 

★ 

* 

INTERNAL REFERENCE 

Voltage 

10.000 ± lOOmV 

if 

* 

* 

* 

Drift 

± 12ppm/°C, ± 20ppm/°C max 

★ 

* 

. ★ 

* 

External Current 

± 1mA max 

* 

* 

* 

★ 

POWER SUPPLY REQUIREMENTS 9 

Range for Rated Accuracy 

4.75 to 5.25 and ±13.5 to ± 16.5 

* 

* 

★ 

★ 

Supply Current + 15V 

3mA typ, 8mA max 

★ 

* 

★ 

it 

-15V 

22mA typ, 35mA max 

★ 

★ 

* 

★ 

+ 5V 

100mA typ, 140mA max 

★ 

* 

★ 

★ 

Power Dissipation 

875mW typ 

★ 

* 

★ 

★ 

TEMPERATURE RANGE 

Operating 

0 to + 70°C 

* 

* 

-55°Cto + 125°C 

- 55°Cto + 125°C 

Storage 

-55°Cto + 150°C 

★ 

★ 

-65°Cto + 150°C 

-65°Cto + 150°C 


NOTES 

'Available to MIL-STD-883, Level B. See ADI Military Products Databook for 
detail specifications. 

2 Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge 
initiates conversion. 

3 With 500, 1% fixed resistor in place of gain adjust potentiometer. 

4 Adjustable to zero. 

5 With 50D, 1 % resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 


Conversion time is defined as the time between the falling edge of 
convert start and the falling edge of the EOC. 

7 Each grade is specified at the conversion speed shown. 
8 Extemally adjustable by a resistor or capacitor (see Figure 7). 
9 For“Z” models order AD578ZJ,ZK,ZL(± 11.6V to ± 16.5V). 
* Specifications same as AD578J. 

Specifications subject to change without notice. 
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AD578 


THEORY OF OPERATION 



-15V 
+1 5V 

ANALOG GND 
ZERO ADJ 
20V SPAN INPUT 
10V SPAN INPUT 
BIPOLAR OFFSET 
GAIN (REF IN) 
REF OUT 
SERIAL OUT 
SERIAL OUT 
CONVERT START 
EOC 

CLOCK IN 
CLOCK OUT 
CLOCK ADJ 


Figure 1. AD 578 Functional Diagram and Pinout 


The AD578 is a complete pretrimmed 12-bit A/D converter 
which requires no external components to provide the successive- 
approximation analog- to-digital conversion function. A block 
diagram of the AD578 is shown in Figure 1. 

When the control section is commanded to initiate a conversion 
it enables the clock and resets the successive-approximation 
register (SAR). The SAR, timed by the clock, sequences through 
the conversion cycle and returns an end-of-convert flag to the 
control section. The control section disables the clock and brings 
the output status flag low. The parallel data bits become valid 
on the rising edge of the clock pulse starting with ti and ending 
with ti 2 (Figure 2), and accurately represent the input signal to 
within ± 1/2LSB. 

The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ± 1.0%, it is buffered and can supply up to 1.0mA 
to an external load in addition to the current required to drive 
the reference input resistor (0.5mA) and bipolar offset resistor 
(1mA). The thin-film application resistors are trimmed to match 
the full scale output current of the DAC. There are two 5kll 
input scaling resistors to allow either a 10 volt or 20 volt span. 
The lOkH bipolar offset resistor is grounded for unipolar operation 
or connected to the 10 volt reference for bipolar operation. 


UNIPOLAR CALIBRATION 

The AD578 is intended to have a nominal 1/2LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 
and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + 1/2LSB (1.22mV for 10V range). 

If pin 26 is connected to pin 30, the unit will behave in this 
manner, within specifications. Refer to Table I and Figure 3 for 
further clarification. If the offset trim (Rl) is used, it should be 
trimmed as above, although a different offset can be set for a 
particular system requirement. This circuit will give approximately 
± 25mV of offset trim range. 

The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.9963V for a 10V range). Trim R2 to 
give the last transition (1111 1111 1110 to 1111 1111 1111). 




Figure 3. Unipolar Input Connections 
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BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient the lOOfl trimmer shown can be replaced by a 
50H ± 1% fixed resistor. The analog input is applied as for the 
unipolar ranges. Bipolar calibration is similar to unipolar cali- 
bration. First, a signal 1/2LSB above negative full scale ( - 4.9988V 
for the ± 5V range) is applied, and R1 is trimmed to give the 
first transition (0000 0000 0000 to 0000 0000 0001). Then a 
signal 1 1/2LSB below positive full scale ( + 4.9963V for the 
± 5V range) is applied and R2 trimmed to give the last transition 

(ini mi mo to mi ini ini). 


and the ground pin of the AD578. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the AD578’s supply terminals should be capacitively 
decoupled as close to the AD578 as possible. A large value 
capacitor such as 10|xF in parallel with a 0.1 |xF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Digital 
GND pin. 



Figure 4. Bipolar Input Connections 

LAYOUT CONSIDERATION 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 




-15V 


ANALOG 

COMMON 


+ 15V 


Figure 5. Basic Grounding Practice 


To minimize noise the reference output (pin 24) should be 
decoupled by a 6.8(jlF capacitor to pin 30. 

CLOCK RATE CONTROL 

The internal clock is preset to a nominal conversion time of 
5.6fxs. It can be adjusted for either faster or slower conversions. 
For faster conversion connect the appropriate 1% resistor between 
pin 17 and pin 18 and short pin 18 to pin 19. 

For slower conversions connect a capacitor between pin 15 and 
pin 17. 

The curves in Figure 6 characterize the conversion time for a 
given resistor or capacitor connection. 

Note: 12-bit operation with no missing codes is not guaranteed 
when operating in this mode if a particular grade’s conversion 
speed specification has been exceeded. 

Short Cycle Input - A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any number 
of desired bits has been converted, allowing somewhat shorter 
conversion times in applications not requiring full 12-bit resolution. 
Short cycle pin connections and associated maximum 12-, 10-, 
and 8-bit conversion times are summarized in Table II. 


Analog Input - Volts 
(Center of Quantization Interval) 

Digital Output Code 
(Binary For Unipolar Ranges; 
Offset Binary for Bipolar Ranges) 

Oto +10V 

Oto +20V 

— 5V to + 5 V 

— 10V to + 10V 

B1 B12 

Range 

Range 

Range 

Range 

(MSB) (LSB) 

+ 9.9976 

+ 19.9951 

+ 4.9976 

+ 9.9951 

111111111111 

+ 9.9952 

+ 19.9902 

+ 4.9952 

+ 9.9902 

111111111110 

+ 5.0024 

+ 10.0049 

+ 0.0024 

+ 0.0049 

100000000001 

+ 5.0000 

+ 10.0000 

+ 0.0000 

+ 0.0000 

100000000000 

+ 0.0024 

+ 0.0051 

-4.9976 

-9.9951 

000000000001 

+ 0.0000 

+ 0.0000 

-5.0000 

- 10.0000 

000000000000 


Table I. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Flanges 
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© 


AD578 


© 


© 


3ps 

CONVERSION 

RATE 


4.5/us 

CONVERSION 

RATE 


6/iS 

CONVERSION 

RATE 


K,T GRADES >T J,S GRADES 

i 82512 ^ 3.32kl2 


© 

© 


TO SLOW 
CONVERSION, 
USEC 
FROM 
FIGURE 6 


? 

S 


CAPACITANCE - pF 

1000 680 330 



RESISTANCE - 12 


Figure 6. Conversion Times vs. R or C Values 


Resolution (Bits) 

12 

10 

8 

Connect Pin 14 to Pin 

16 

2 

4 

Conversion Speed (juls) 

3 

2.5 

2 


Table II. Short Cycle Connections 


External Clock - An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode, the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conversion 
cycle. A positive going pulse width of 100 to 200 nanoseconds 
will provide a continuous string of conversions that start on the 
first rising edge of the external clock after the EOC output has 
gone low. 

External Buffer Amplifier - In applications where the AD578 is 
to be driven from high impedance sources or directly from an 
analog multiplexer a fast slewing, wideband op amp like the 
AD711 should be used. 



MICROPROCESSOR INTERFACING 

The 3|xs conversion times of the AD578 suggests several different 
methods of interface to microprocessors. In systems where the 
AD578 is used for high sampling rates on a single signal which 
is to be digitally processed, CPU-controlled conversion may be 
inefficient due to the slow cycle times of most microprocessors. 
It is generally preferable to perform conversions independently, 
inserting the resultant digital data directly into memory. This 
can be done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hardware 


is facilitated by the guaranteed data validity on the falling edge 
of the EOC signal. 

In many multichannel data acquisition systems, the processor 
spends a good deal of time waiting for the ADC to complete its 
cycle. Converters with total conversion times of 25jxs to 100fxs 
are not slow enough to justify use of interrupts, nor fast enough 
to finish converting during one instruction and are usually timed 
out with loops, or continuously polled for status. The AD578 
allows the microprocessor to time out the convener with just a 
few dummy instructions. For example, an 8085 system running 
at a 5MHz clock rate will time out an AD578 by pushing a 
register pair onto the stack and popping the same pair back off 
the stack. Such a time-out routine only occupies two bytes of 
program memory but requires 22 clock cyles (4.4jxs). The time 
saved by not having to wait for the converter allows the processor 
to run much more efficiently particularly in multichannel 
systems. 


+5V + 15V -15V 



Figure 8. AD578—8085A Interface Connections 


Clearly, 12 bits of data must be broken up for interface to an 8- 
bit wide data bus. There are two possible formats: right-justified 
and left- justified. In a right- justified system, the least-significant 
8 bits occupy one byte and the four MSBs reside in the low 
nybble of another byte. This format is useful when the data 
from the ADC is being treated as a binary number between 0 
and 4095. The left-justified format supplies the eight most-sig- 
nificant bits in one byte and the 4LSBs in the high nybble of 
another byte. The data now represents the fractional binary 
number relating the analog signal to the full-scale voltage. An 
advantage to this organization is that the most-significant eight 
bits can be read by the processor as a coarse indication of the 
true signal value. The full 12-bit word can then be read only 
when all 12 bits are needed. This allows faster and more efficient 
control of a process. 

Figure 8 shows a typical connection to an 8085-type bus, using 
left-justified data format for unipolar inputs. Status polling is 
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optional, and can be read simultaneously with the 4LSBs. If it 
is desired to right-justify the data, pins 1 through 12 of the 
AD578 should be reversed, as well as the connections to the 
data bus and high and low byte address signals. 

When dealing with bipolar inputs ( ± 5V, ± 10V ranges), using 
the MSB directly yields an offset binary-coded output. If two’s 
comp lement coding is desired, it can be produced by substituting 
MSB (pin 13) for the MSB. This facilitates arithmetic operations 
which are subsequently performed on the ADC output data. 

SAMPLED DATA SYSTEMS 

The conversion speed of the AD578 allows accurate digitization 
of high frequency signals and high throughput rates in multi- 
channel data acquisition systems. The AD578LD, for example, 


is capable of a full accuracy conversion in 3|xs. In order to benefit 
from this high speed, a fast sample-hold amplifier (SHA) such 
as the HTC-0300 is required. This SHA has an acquisition time 
to 0.01% of approximately 300ns, so that a complete sample-con- 
vert-acquire cycle can be accomplished in approximately 4p.s. 
This means a sample rate of 250kHz can be realized, allowing a 
signal with no frequency components above 125kHz to be sampled 
with no loss of information. Note that the EOC signal from the 
AD578 places the SHA in the hold mode in advance of the 
actual start of the conversion cycle, and releases the SHA from 
the HOLD mode only after completion of the conversion. After 
allowing at least 300ns for the SHA to acquire the next analog 
value, the converter can again be started. 


AD578 ORDERING GUIDE* 



Conversion 

Speed 

Temperature 

Range 

Package Option 1 

AD578JN(JD) 

6.0pis 

0 to + 70°C 

Solder Seal (DH-32B) 

AD578KN(KD) 

4.5|xs 

0 to + 70°C 

Solder Seal (DH-32B) 

AD578LN(LD) 

3. Ojas 

0 to + 70°C 

Solder Seal (DH-32B) 

AD578SD 

6. Ojas 

— 55°Cto +125°C 

Solder Seal (DH-32B) 

AD578SD/883B 

6.0jxs 

-55°Cto + 125°C 

Solder Seal(DH-32B) 

AD578TD/883B 

4.5|xs 

— 55°Cto + 125°C 

Solder Seal (DH-32B) 


*For ± 12V operation “Z” version order: AD578ZJN, . . . 
1 See Section 14 for package outline information. 
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ANALOG 

DEVICES 


Very Fast, Complete 
10-Bit A/D Converter 

AD579 


FEATURES 

Performance 

Complete 10-Bit A/D Converter with Reference and Clock 
Fast Successive Approximation Conversion: 1.8ms 
Buried Zener Reference for Long Term Stability and Low 
Gain T.C.: ±40ppm/°C max 
Max Nonlinearity: <±0.048% 

Low Power: 775mW 
MIL-STD-883B Processing Available 


Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 

Precision +10V Reference for External Applications 
Adjustable Internal Clock 
"Z" Models for ±12V Supplies 

PRODUCT DESCRIPTION 

The AD 5 79 is a high speed low cost 10-bit successive approxi- 
mation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design uti- 
lizes MSI digital and linear monolithic chips in conjunction 
with a 10-bit monolithic DAC to provide superior perform- 
ance and versatility with IC size, price and reliability. 

Important performance characteristics of the AD 5 7 9 include 
a maximum linearity error at +25°C of ±0.048%, maximum 
gain temperature coefficient of ±40ppm/°C, typical power 
dissipation of 775mW and maximum conversion time of 
1.8jus. 

The fast conversion speeds of 1.8/us (K and T grades) and 
2.2/xs (J grade) make the AD579 an excellent choice in a 
variety of applications where system throughput rates from 
454kHz to 555kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the AD579 includes scaling resistors that provide 
analog input signal ranges of ±5V, ±10V, 0 to +10V or 0 to 
+20V. Adding flexibility and value is the +10V precision refer- 
ence which can be used for external applications. 


AD579 FUNCTIONAL BLOCK DIAGRAM 


TEST POINT 
TEST POINT 
BIT 10 
BIT 9 
BIT 8 
BIT 7 
BIT 6 
BIT 5 
BIT 4 
BIT 3 
BIT 2 
BIT 1 

BiTT 
SHORT CYCLE 
DIGITAL GND 
+5V 

32-PIN DIP 

PRODUCT HIGHLIGHTS 

1. The AD579 is a complete 10-bit A/D converter. No external 
components are required to perform a conversion. 

2. The fast conversion rate of the AD579 makes it an excellent 
choice for high speed data acquisition on systems requiring 
high throughput rate. 

3. The internal buried Zener reference is laser trimmed to 
10.00V ±0.1% and ±15ppm/°C typ T.C. The reference is 
available externally and can provide up to 1mA. 

4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 

5. Short cycle and external clock capabilities are provided for 
applications requiring faster conversion speeds and/or 
lower resolutions. 

6. The integrated package construction provides high quality 
and reliability with small size and weight. 



The AD579 is available with solder-seal (D) for harsh or 
rigorous surroundings and is contained in a 32-pin side- 
brazed, ceramic DIP. 

AD579 ORDERING GUIDE 


Model 

Conversion 

Speed 

Package 

Temperature 

Range 

Power Supply 
Range 

Package 

Outline* 

AD579JN 

2.2/is 

Hermetic-Seal 

0 to +70° C 

±15V ±10% 

DH-32B 

AD579KN 

1.8ms 

Hermetic -Seal 

Oto +70° C 

± 15V ±10% 

DH-32B 

AD579TD 

1.8/us 

Hermetic-Seal 

-55°C to +125°C 

±15V ±10% 

DH-32B 

AD579ZJN 

2.2/xs 

Hermetic-Seal 

0 to +70° C 

±12V ±5% 

DH-32B 

AD579ZKN 

1.8ms 

Hermetic-Seal 

0 to +70° C 

±12V ±5% 

DH-32B 

AD579ZTD 

1.8ms 

Hermetic-Seal 

-55°C to +125°C 

±12V ±5% 

DH-32B 

AD579TD/883B 

1.8ms 

Hermetic-Seal 

-55°C to +125°C 

±15V ±10% 

DH-32B 

AD579ZTD/883B 

1.8ms 

Hermetic-Seal 

-55°C to +125°C 

±12V ±5% 

DH-32B 


*See Section 14 for package outline information. 
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(typical @ + 25°C; ± 15V and +5V power supplies unless otherwise noted) 


Model 

AD579JN 

AD579KN 

AD579TD 

RESOLUTION 

10 Bits 

4 

* 


ANALOG INPUTS 


Voltage Ranges 


Bipolar 

Unipolar 

Input Impedance 

0 to +10V, ±5V 
±10V, 0 to +20V 

±5.0V, ±10V 

0 to +10V, 0 to +20V 

5kQ (±20%) 

10k£2 (±20%) 

* 

* 

* 

* 

DIGITAL INPUTS 

Convert Command 1 

1LS TTL Load 

* 

♦ 

Clock Input 

1LS TTL Load 

* 

* 

TRANSFER CHARACTERISTICS 

Gain Error 2,3 

±0.1% FSR (±0.25% FSR max) 

* 

* 

Unipolar Offset 3 

±0.1% FSR (±0.25% FSR max) 

* 

* 

Bipolar Offset 3,4 

±0.1% FSR (±0.25% FSR max) 

* 

* 

Linearity Error 

+25 C 

±1/2LSB max 

* 

* 

Tmin to T ma x 

±3/4LSB max 

* 

* 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+25 C 

10 Bits 


* 

Tmin to T max 

10 Bits 

* 

* 

POWER SUPPLY SENSITIVITY 

+15V ±10% 

0.005%/%AV s max 



-15V ±10% 

0.005%/%AV s max 

* 

* 

+5V ±10% 

0.001%/%AV s max 

♦ 

♦ 

“Z” Versions 

+12V ±5% 

0.007%/% AV§ max 

* 

* 

-12V ±5% 

0.007%/%AV s max 

* 

* 

TEMPERATURE COEFFICIENTS 

Gain 

±25ppm/°C typ 

* 

* 


±40ppm/°C max 

* 

* 

Unipolar Offset 

±5ppm/°C typ 

* 



±15ppm/°C max 

* 

* 

Bipolar Offset 

±8ppm/"C typ 

* 

* 


±20ppm/°C max 

* 

♦ 

Differential Linearity 

±2ppm/°C typ 

* 

* 

CONVERSION TIME 5,6 (max) 

2.2ms 

1.8/Us 

** 

Conversion Time T m i n to T max 

2.4jus 

2.0/is 

** 

PARALLEL OUTPUTS 

Unipolar Code 

Binary 

* 

* 

Bipolar Code 

Offset Binary /Two’s Complement 

* 

* 

Output Drive 

2LSTTL Loads 

* 

* 

SERIAL OUTPUTS (NRZ FORMAT) 

Unipolar Code 

Binary/Complementary Binary 

* 

* 

Bipolar Code 

Offset Binary /Comp. Offset Binary 


♦ 

Output Drive 

2LSTTL Loads 

* 

* 

END OF CONVERSION (EOC) 

Logic “1” During Conversion 

* 

* 

Output Drive 

8LSTTL Loads 

* 

* 

INTERNAL CLOCK 7 

Output Drive 

2LSTTL Loads 

* 

* 

INTERNAL REFERENCE 

Voltage 

10.000 ±10mV typ 


* 

Temperature Coefficient 

15ppm/°C 

* 

* 

External Current 

±lmA max 

* 

♦ 

POWER SUPPLY REQUIREMENTS 

Range for Rated Accuracy 

4.75 to 5.25 and ±13.5 to ±16.5 

* 

* 

Z Models 8 

4.75 to 5.25 and ±11.4 to ±16.5 

♦ 

* 

Supply Current +15V 

3mA typ, 8mA max 

* 

* 

-15V 

22mA typ, 35mA max 

’ 

♦ 

+ 5V 

100mA typ, 150mA max 

* 

* 

Power Dissipation 

775mW typ 

* 

♦ 

TEMPERATURE RANGE 

Operating 

0 to +70°C 

* 

-55°C to +125°C 

Storage 

-55°C to +150° C 

* 

* 


N ° TES 

1 Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge 6 Each grade is specified at the conversion speed shown. See Figure 7 

initiates conversion. for appropriate connections. 

2 With 500, 1% fixed resistor in place of gain adjust potentiometer. 7 Externally adjustable by a resistor or capacitor. 

3 Adjustable to zero. 8 For “Z” models order AD579ZJN, AD579ZKN or AD579ZTD. 

4 With 50fl, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26). ’Specifications same as AD579JN. 

Conversion time is defined as the time between the falling edge of * ’Specifications same as AD579KN. 

convert start and the falling edge of the EOC. Specifications subject to change without notice. 
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AD579 


THEORY OF OPERATION 

The AD579 is a complete 10-bit A/D converter which requires 
no external components to provide the successive-approxi- 
mation analog-to-digital conversion function. A block diagram 
of the AD579 is shown in Figure 1. 



Figure 1. AD 579 Functional Diagram and Pinout 

On receipt of a CONVERT START command, the AD 5 79 
converts the voltage at its analog input into an equivalent 
bit binary number. This conversion is accomplished as follows: 
the 10-bit successive-approximation register (SAR) has its 
10-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

The temperature-compensated buried Zener reference pro- 
vides the primary voltage reference to the DAC and guaran- 
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts ±0.1%; it is buffered and 
can supply up to 1.0mA to an external load in addition to the 
current required to drive the reference input resistor (0.5mA) 
and bipolar offset resistor ( 1mA). The thin film application re- 
sistors are trimmed to match the full scale output current of 
the DAC. There are two 5kl2 input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10k£2 bipolar offset re- 
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 


TIMING 

The timing diagram is shown in Figure 2. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 10 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 
Bi is reset and B 2 -Bio are set unconditionally. At tj the 
Bit 1 decision is made (keep) and Bit 2 is unconditionally 
reset. At t£, the Bit 2 decision is made (keep) and Bit 3 is 
reset unconditionally. This sequence continues until Bit 10 
(LSB) decision (keep) is made at tio- After a 15ns delay 
period, the STATUS flag is reset, indicating that the con- 
version is complete and that the parallel output data is 
valid. Resetting the STATUS flag restores the gated clock 
inhibit signal, forcing the clock output to Logic “0” state. 


\-m- 200ns, 1 


r _n 


-CONVERSION TIME - 


— | 70ns -»-J | 100ns 

RMlMilllM 
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B |T 8 
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u 

SERIAL B1 ' 82 B3 | B4 | B5 | B6 | B7 | B8 B9 JBIoj 


INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, T M in OF 100ns. 


Figure 2. AD 579 Timing Diagram 

Serial data does not change and is guaranteed valid on negative- 
going clock edges, therefore; serial data can be transferred 
quite simply by clocking it into a receiving shift register on 
these edges (see Figure 2). 

Incorporation of this 15ns delay guarantees that the parallel 
(and serial) data are valid at the Logic “1” to “0” transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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UNIPOLAR CALIBRATION 

The AD579 is intended to have a nominal 1/2 LSB offset so 
that the exact analog input for a given code will be in the mid- 
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 00 to 0000 0000 01) will occur 
for an input level of +1/2LSB (4.88mV for 10V range). 

If pin 26 is connected to pin 30, the unit will behave in this 
manner, within specifications. Refer to Table I and Figure 3 
for further clarification. If the offset trim (Rl) is used, it 
should be trimmed as above, although a different offset can 
be set for a particular system requirement. This circuit will 
give approximately ±50mV of offset trim range. 

The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.985V for a 10V range). Trim R2 to 
give the last transition (1111 1111 10 to 1111 1111 11). 


+ 15V 



Figure 3. Unipolar Input Connections 
BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain spec- 
ifications are sufficient, the 10012 trimmer shown can be 
replaced by a 5012 ±1% fixed resistor. The analog input is 



Figure 4. Bipolar Input Connections 


applied as for the unipolar ranges. Bipolar calibration is similar 
to unipolar calibration. First, a signal 1/2LSB above negative 
full scale (-4.9957V for the ±5V range) is applied, and Rl is 
trimmed to give the first transition (0000 0000 00 to 
0000 0000 01). Then, a signel 1 1/2LSB below positive 
full scale (+4.985 3 V for the ±5V range) is applied and R2 
trimmed to give the last transition (1111 1111 10 to 
1111 1111 11 ). 

ERROR SOURCES 

The analog continuum is partitioned into 2 10 discrete ranges 
for 10-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of ±1/2 LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 

The matching and tracking errors in the AD5 79 have been mini- 
mized by the use of a monolithic DAC that includes the scaling 
network. The initial gain and offset errors are specified at ±0.1% 
FSR typical. These errors may be trimmed to zero by the use 
of the external trim circuits as shown in Figures 3 and 4. Lin- 
earity error is defined as the deviation from a true straight line 
transfer characteristic from a zero analog input which calls for 
a zero digital output to a point which is defined as full scale. 
The linearity error is unadjustable and is the most meaningful 
indication of A/D converter accuracy. Differential nonlinearity 
is a measure of the deviation in staircase step width between 
codes from the ideal least significant bit step size (Figure 5). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
having missing codes-, the AD579TD is specified as having no 
missing codes from -55 C to +125 C and thus is monotonic. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer character- 
istic about the zero or minus full scale point. The worst case 
accuracy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves as 
the root-sum-squared (RSS) and can be shown as: 

RSS = y/e g 2 + €q 2 + ei } 

Cg = Gain Drift Error (ppm/°C) 

eo = Offset Drift Error (ppm of FSR/°C) 

6l = Linearity Error (ppm of FSR/°C) 


Analog Input — Volts 
(Center of Quantization Interval) 

Digital Output Code 
(Binary for Unipolar Ranges; 

Offset Binary for Bipolar Ranges) 

0 to +10V 
Range 

0 to +20V 
Range 

-5V to +5V 
Range 

-10V to +10V 
Range 

B1 B10 

(MSB) (LSB) 

+9.9902 

+9.9804 

+ 19.9804 
+ 19.9609 

+4.9902 

+4.9804 

+9.9804 

+9.9609 

1111111111 

1111111110 

+5.0097 

+5.0000 



+0.0195 

+0.0000 

1000000001 

1000000000 

+0.0097 

+0.0000 




0000000001 

0000000000 


Table I. Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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Figure 5. Transfer Characteristic for an Ideal Bipolar A/D 


LAYOUT CONSIDERATIONS 

Many data acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD579. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the AD579’s supply terminals should be capacitively 
decoupled as close to the AD579 as possible. A large value 
capacitor such as lOjuF in parallel with a O.ljuF capaci- 
tor is usually sufficient. Analog supplies are bypassed to the 
Analog Power Return pin and the logic supply is bypassed to 
the Digital GND pin. 



Figure 6. Basic Grounding Practice 


To minimize noise the reference output (Pin 24) should be 
decoupled by a 6.8/tF capacitor to pin 30. 

CLOCK RATE CONTROL 

The internal clock is preset to a nominal conversion time of 
4.8/ts. It can be adjusted for either faster or slower conver- 
sions. For faster conversion connect the appropriate 1% 
resistor between pin 17 and pin 18 and short pin 18 to pin 19. 



Figure 7. Clock Rate Control Connection 


Short Cycle Input — A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, allowing some- 
what shorter conversion times in applications not requiring 
full 10-bit resolution. Short cycle pin connections and as- 
sociated maximum 10- and 8-bit conversion times are sum- 
marized in Table II. 


Resolution (Bits) 

10 


Connect Pin 14 to Pin 

2 


Conversion Speed (jus) 

1.8 

1 . 

Table II. Short Cycle Connections 


External Clock — An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conver- 
sion cycle. 

External Buffer Amplifier — In applications where the AD579 
is to be driven from high impedance sources or directly from 
an analog multiplexer a fast slewing, wideband op amp like 
the AD841 should be used. 


.DIGITAL 

OUTPUTS 


Figure 8. Input Buffer 
SAMPLED DATA SYSTEMS 

The conversion speed of the AD579 allows accurate digiti- 
zation of high frequency signals and high throughput rates in 
multichannel data acquisition systems. The AD579TD, for 
example, is capable of a full accuracy conversion in l.Sps. In 
order to benefit from this high speed, a fast sample-hold 
amplifier (SHA) such as the HTC-0300 is required. This SHA 
has an acquisition time to 0.01% of approximately 300ns, so 
that a complete sample-convert-ac quire cycle can be accom- 
plished in approximately 2.5jus. This means a sample rate of 
400kHz can be realized, allowing a signal with no frequency 
components above 200kHz to be sampled with no loss of in- 
formation. Note that the EOC signal from the AD579 places 
the SHA in the hold mode in advance of the actual start of 
the conversion cycle, and releases the SHA from the HOLD 
mode only after completion of the conversion. After allowing 
at least 300ns for the SHA to acquire the next analog value, 
the converter can again be started. 

CONVERT 


EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 
NOTES: t S E = 100ns 

Figure 9. Start /E OC Timing for Sampled Data System 
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INPUTS 

(16) 



Figure 12. High Speed 10-Bit DAS 


A fast (85kHz) 10-bit DAS can be configured using the ADI 362 
and the AD579. The AD 13 62 contains two 8-channel multi- 
plexers, a differential amplifier, a sample-and-hold with high- 
speed output amplifier, a channel address latch and control 
logic. The multiplexers may be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the ADI 362 is an 
internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard- 
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 



Figure 13. High Speed- 165kHz- 1 0-Bit DAS 

A high speed 10-bit DAS with a throughput rate of 165kHz 
can be built around an AD579. The DAS of Figure 13 “Ping 
Pongs” two sample and hold amplifiers to eliminate the 
effects of the acquisition time of the sample and hold ampli- 
fiers. By applying sequential channel address the AO of the 
address enables one of the two multiplexers. The incorpora- 
tion of the flip-flops on the SHA mode controls and the 
switch address allows a new channel address to be latched in 
while a conversion is in progress. 
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ANALOG 

DEVICES 


Low Cost Signal 
Conditioning 8-Bit ADC 



FEATURES AD670 BLOCK DIAGRAM AND 

Complete 8-Bit Signal Conditioning A/D Converter TERMINAL CONFIGURATION 

Including Instrumentation Amp and Reference (ALL PACKAGES) 

Microprocessor Bus Interface 
lOps Conversion Speed 

Flexible Input Stage: Instrumentation Amp Front End 
Provides Differential Inputs and High Common-Mode 
Rejection 

No User Trims Required 
No Missing Codes Over Temperature 
Single +5V Supply Operation 
Convenient Input Ranges 
20-Pin DIP or Surface-Mount Package 
Low Cost Monolithic Construction 


POWER GND +V CC 



GENERAL DESCRIPTION 

The AD670 is a complete 8-bit signal conditioning analog-to-digital 
converter. It consists of an instrumentation amplifier front end 
along with a DAC, comparator, successive approximation register 
(SAR), precision voltage reference, and a three-state output 
buffer on a single monolithic chip. No external components or 
user trims are required to interface, with full accuracy, an analog 
system to an 8-bit data bus. The AD670 will operate on the 
4- 5 V system supply. The input stage provides differential inputs 
with excellent common-mode rejection and allows direct interface 
to a variety of transducers. 

The device is configured with input scaling resistors to permit 
two input ranges: 0 to 255mV (lmV/LSB) and 0 to 2.55V 
(lOmV/LSB). The AD670 can be configured for both unipolar 
and bipolar inputs over these ranges. The differential inputs and 
common-mode rejection of this front end are useful in applications 
such as conversion of transducer signals superimposed on common- 
mode voltages. 

The AD670 incorporates advanced circuit design and proven 
processing technology. The successive approximation function is 
implemented with I 2 L (integrated injection logic). Thin-film 
SiCr resistors provide the stability required to prevent missing 
codes over the entire operating temperature range while laser 
wafer trimming of the resistor ladder permits calibration of the 
device to within ± 1LSB. Thus, no user trims for gain or offset 
are required. Conversion time of the device is 10|xs. 


The AD670 is available in four package types and five grades. 
The J and K grades are specified over 0 to 4- 70°C and come in 
20-pin plastic DIP packages or 20-terminal PLCC packages. 

The A and B grades ( — 40°C to 4- 85°C) and the S grade (- 55°C 
to 4- 125°C) come in 20-pin ceramic DIP packages. 

The S grade is also available with optional processing to MIL-STD- 
883 in 20-pin ceramic DIP or 20-terminal LCC packages. The 
Analog Devices Military Products Databook should be consulted 
for details on these configurations. 

PRODUCT HIGHLIGHTS 

1. The AD670 is a complete 8-bit A/D including three-state 
outputs and microprocessor control for direct connection to 
8-bit data buses. No external components are required to 
perform a conversion. 

2. The flexible input stage features a differential instrumentation 
amp input with excellent common-mode rejection. This 
allows direct interface to a variety of transducers without 
preamplification . 

3. No user trims are required for 8-bit accurate performance. 

4. Operation from a single 4- 5 V supply allows the AD670 to 
run off of the microprocessor’s supply. 

5. Four convenient input ranges (two unipolar and two bipolar) 
are available through internal scaling resistors: 0 to 255mV 
(lmV/LSB) and 0 to 2.55V (lOmV/LSB). 

6. Software control of the output mode is provided. The user 
can easily select unipolar or bipolar inputs and binary or 2’s 
complement output codes. 
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(@ V cc = +5V and +25°C unless otherwise noted) 


Model 

AD670J 

AD670K 



Min Typ Max 

Min Typ Max 

Units 

OPERATING TEMPERATURE RANGE 

0 +70 

0 +70 

°C 

RESOLUTION 

8 

8 

Bit 

CONVERSION TIME 

10 

10 

M'S 

RELATIVE ACCURACY 

±1/2 

±1/4 

LSB 

T min tO T max 

±1/2 

±1/2 

LSB 

DIFFERENTIAL LINEARITY ERROR 




TmintoT,,*, 

GUARANTEED NO MISSING CODES ALL GRADES 


GAIN ACCURACY 




@ + 25°C 

±1.5 

±0.75 

LSB 

TmintoT^ 

±2.0 

±1.0 

LSB 

UNIPOLAR ZERO ERROR 




@+25°C 

±1.5 

±0.75 

LSB 

T min tO T max 

±2.0 

±1.0 

LSB 

BIPOLAR ZERO ERROR 




@+25°C 

±1.5 

±0.75 

LSB 

Tmin toTmax 

±2.0 

±1.0 

LSB 

ANALOG INPUT RANGES 




DIFFERENTIAL ( - Vp, to + V m ) 




Low Range 

0 to + 255 

0 to +255 

mV 


-128 to +127 

-128 to + 127 

mV 

High Range 

0 to + 2.55 

0 to +2.55 

V 


-1.28 to + 1.27 

-1.28to + 1.27 

V 

ABSOLUTE (Inputs to Power Gnd) 




Low Range Tmin to Tmax 

-0.150 V cc -3.4 

-0.150 V cc -3.4 

V 

High Range T min to T max 

-1.50 Vcc 

-1.50 Vcc 

V 

BIAS CURRENT (255mV RANGE) 




Tmin tO Tmax 

200 500 

200 500 

nA 

OFFSET CURRENT (255mV RANGE) 




Tmin to Tmax 

40 200 

40 200 

nA 


8.0 12.0 

8.0 12.0 

kfl 

2.55V RANGE FULL SCALE MATCH 




+ AND - INPUT 

±1/2 

±1/2 

LSB 

COMMON-MODE REJECTION 




RATIO (255mV RANGE) 

1 

1 

LSB 

COMMON-MODE REJECTION 




RATIO (2.55V RANGE) 

1 

1 

LSB 

POWER SUPPLY 




Operating Range 

4.5 5.5 

4.5 5.5 

V 

Current Ice 

30 45 

30 45 

mA 

Rejection Ratio Tmj n to T ma . 

0.015 

0.015 

%ofFS/% 

DIGITAL OUTPUTS 




SINK CURRENT (Vout = 0.4V) 




T min tO T max 

1.6 

1.6 

mA 

SOURCE CURRENT (Vout = 2.4V) 




Tmin tO T max 

0.5 

0.5 

mA 

THREE-STATE LEAKAGE CURRENT 

±40 

±40 

p,A 

OUTPUT CAPACITANCE 

5 

5 

pF 

DIGITAL INPUT VOLTAGE 




V,NL 

0.8 

0.8 

V 

Vinh 

2.0 

2.0 

V 

DIGITAL INPUT CURRENT 




> 

+ 

VI 

z 

> 

VI 

© 




IjNL 

-100 

-100 

M-A 

IlNH 

+ 100 

+ 100 

pA 

INPUT CAPACITANCE 

10 

10 

pF 


NOTES 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 
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AD670 


Model 

AD670A 

AD670B 

AD670S 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OPERATING TEMPERATURE RANGE 

-40 +85 

-40 +85 

-55 +125 

°C 

RESOLUTION 

8 

8 

8 

Bit 

CONVERSION TIME 

10 

10 

10 

ps 

RELATIVE ACCURACY 

±1/2 

±1/4 

±1/2 

LSB 

TnUntoT,™ 

±1/2 

±1/2 

±1 

LSB 

DIFFERENTIAL LINEARITY ERROR 





Tmin tO Tjnj,* 

[ GUARANTEED NO MISSING CODES ALL GRADES 



GAIN ACCURACY 





@ + 25°C 

±1.5 

±0.75 

±1.5 


Tn^toT^ 

±2.5 

±1.5 

±2.5 


UNIPOLAR ZERO ERROR 





@ +25°C 

±1.0 

±0.5 

±1.0 

LSB 

Tom. toTm,, 

±2.0 

±1.0 

±2.0 

LSB 

BIPOLAR ZERO ERROR 





@ +25°C 

±1.0 

±0.5 

±1.0 

LSB 

Tmu, toTnuu 

±2.0 

±1.0 

±2.0 

LSB 

ANALOG INPUT RANGES 





DIFFERENTIAL ( - V IN to + V IN ) 





Low Range 

0 to + 255 

0 to +255 

Oto +255 

mV 


-128 to +127 

- 128 to + 127 

- 128 to + 127 

mV 

High Range 

0 to + 2.55 

0 to +2.55 

Oto + 2.55 

V 


- 1.28 to +1.27 

- 1.28 to + 1.27 

-1.28 to + 1.27 

V 

ABSOLUTE (Inputs to Power Gnd) 





Low Range T min to T max 

-0.150 Vcc-3.5 

-0.150 Vcc-3.5 

-0.150 Vcc-3.5 

V 

High Range Tmin to T max 

-L50 V cc 

-1.50 Vcc 

-1.50 Vcc 

V 

BIAS CURRENT (255mV RANGE) 





T min tO T max 

200 500 

200 500 

200 750 

nA 

OFFSET CURRENT (255mV RANGE) 





T min tO T max 

40 200 

40 200 

40 200 

nA 

2.55V RANGE INPUT RESISTANCE 

8.0 12.0 

8.0 12.0 

8.0 12.0 

kfl 

2.55 V RANGE FULL SCALE MATCH 





+ AND - INPUT 

±1/2 

±1/2 

±1/2 

LSB 

COMMON-MODE REJECTION 





RATIO (255mV RANGE) 

1 

1 

1 

LSB 

COMMON-MODE REJECTION 





RATIO (2. 55 V RANGE) 

1 

1 

1 

LSB 

POWER SUPPLY 





Operating Range 

4.5 5.5 

4.5 5.5 

4.75 5.5 

V 

Current Ice 

30 45 

30 45 

30 45 

mA 

Rejection Ratio Tmi n to T ma x 

0.015 

0.015 

0.015 

%of FS/ 

DIGITAL OUTPUTS 





SINK CURRENT (Vout = 0.4V) 





Tmin tO T max 

1.6 

1.6 

1.6 

mA 

SOURCE CURRENT (Vout = 2.4V) 





Tmin tO Tmax 

0.5 

0.5 

0.5 

mA 

THREE-STATE LEAKAGE CURRENT 

±40 

±40 

±40 

pA 

OUTPUT CAPACITANCE 

5 

5 

5 

pF 

DIGITAL INPUT VOLTAGE 





V,NL 

0.8 

0.8 

0.7 

V 

Vinh 

2.0 

2.0 

2.0 

V 

DIGITAL INPUT CURRENT 





(0*V in s + 5V) 





IlNL 

-100 

-100 

-100 

p.A 

IlNH 

+ 100 

+ 100 

+ 100 

M-A 

INPUT CAPACITANCE 

10 

10 1 

10 

pF 


NOTES 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 
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CE CS R/W FORMAT BPO/UPO 



POWER GND +V CC 


ABSOLUTE MAXIMUM RATINGS* 

Vex: to Ground 0Vto+7.5V 

Digital Inputs (Pins 11-15) -0.5V to Vcc + 0.5V 

Digital Outputs (Pins 1-9) . Momentary Short to Vcc or Ground 

Analog Inputs (Pins 16-19) - 30V to + 30V 

Power Dissipation 450mW 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 


* Stresses above those listed under “Absolute M aximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Figure 1. AD670 Block Diagram and Terminal Configuration 
(All Packages) 


AD670 ORDERING GUIDE 


Model 

Temperature 

Range 

Relative Accuracy 
@ 25°C 

Gain Accuracy 
@ 25°C 

Package Options* 

AD670JN 

0 to + 70°C 

± 1/2LSB 

± 1.5LSB 

Plastic DIP (N-20) 

AD670JP 

0 to + 7 0°C 

± 1/2LSB 

± 1.5LSB 

PLCC (P-20A) 

AD670KN 

0 to 4- 70°C 

± 1/4LSB 

±0.75LSB 

Plastic DIP (N-20) 

AD670KP 

0 to + 70°C 

± 1/4LSB 

±0.75LSB 

PLCC (P-20A) 

AD670AD 

- 40°C to +85°C 

± 1/2LSB 

± 1.5LSB 

Ceramic DIP (D-20) 

AD670BD 

- 40°C to + 85°C 

± 1/4LSB 

±0.75LSB 

Ceramic DIP (D-20) 

AD670SD 

- 55°C to + 125°C 

± 1/2LSB 

± 1.5LSB 

Ceramic DIP (D-20) 


^Section 13 for package outline information. 


CIRCUIT OPERATION/FUNCTIONAL DESCRIPTION 

The AD670 is a functionally complete 8-bit signal conditioning 
A/D converter with microprocessor compatibility. The input 
section uses an instrumentation amplifier to accomplish the 
voltage to current conversion. This front end provides a high 
impedance, low bias current differential amplifier. The common- 
mode range allows the user to directly interface the device to a 
variety of transducers. 

The A/D conversions are controlled by R/W, CS, and CE. The 
R/W line directs the converter to read or start a conversion. A 
minimum write/start pulse of 300ns is required on either CE or 
CS. The STATUS line goes high, indicating that a conversion is 
in process. The conversion thus begun, the internal 8-bit DAC 
is sequenced from MSB to LSB using a novel successive ap- 
proximation technique. In conventional designs, the DAC is 
stepped through the bits by a clock. This can be thought of as a 
static design since the speed at which the DAC is sequenced is 
determined solely by the clock. No clock is used in the AD670. 
Instead, a “dynamic SAR” is created consisting of a string of 
inverters with taps along the delay line. Sections of the delay 
line between taps act as one shots. The pulses are used to set 
and reset the DAC’s bits and strobe the comparator. When 
strobed, the comparator then determines whether the addition 
of each successively weighted bit current causes the DAC current 


sum to be greater or less than the input current. If the sum is 
less, the bit is turned off. After all bits are tested, the SAR 
holds an 8-bit code representing the input signal to within 1/2LSB 
accuracy. Ease of implementation and reduced dependence on 
process related variables make this an attractive approach to a 
successive approximation design. 

The SAR provides an end-of-con version signal to the control 
logic which then brings the STATUS line low. Data outputs 
remain in a high impedance state until R/W is brought high 
with CE and CS low and allows the converter to be read. Bringing 
CE or CS high during the valid data period ends the read cycle. 
The output buffers cannot be enabled during a conversion. Any 
convert start commands will be ignored until the conversion 
cycle is completed; once a conversion cycle has been started it 
cannot be stopped or restarted. 

The AD670 provides the user with a great deal of flexibility by 
offering two input spans and formats and a choice of output 
codes. Input format and input range can each be selected. The 
BPO/UPO pin controls a switch which injects a bipolar offset 
current of a value equal to the MSB less 1/2LSB into the summing 
node of the comparator to offset the DAC output. Two precision 
10 to 1 attenuators are included on board to provide input range 
selection of 0 to 2.55V or 0 to 255mV. Additional ranges of 
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- 1.28 to 1.27V and - 128 to 127mV are possible if the BPO/UPO 
switch is high when the conversion is started. Finally, output 
coding can be chosen using the FORMAT pin when the conversion 
is started. In the bipolar mode and with a logic 1 on FORMAT, 
the output is in two’s complement; with a logic 0, the output is 
offset binary. 

CONNECTING THE AD670 

The AD670 has been designed for ease of use. All active com- 
ponents required to perform a complete A/D conversion are on 
board and are connected internally. In addition, all calibration 
trims are performed at the factory, assuring specified accuracy 
without user trims. There are, however, a number of options 
and connections that should be considered to obtain maximum 
flexibility from the part. 

INPUT CONNECTIONS 

Standard connections are shown in the figures that follow. An 
input range of 0 to 2.55V may be configured as shown in Figure 
2a. This will provide a one LSB change for each lOmV of input 
change. The input range of 0 to 255mV is configured as shown 
in Figure 2b. In this case, each LSB represents lmV of in put 
change. When unipolar input signals are used, Pin 11, BPO/UPO, 
should be grounded. Pin 11 selects the input format for either 
unipolar or bipolar signals. Figures 3a and 3b show the input 
connections for bipolar signals. Pin 11 should be tied to +Vcc 
for bipolar inputs. 

Although the instrumentation amplifier has a differential input, 
there must be a return path to ground for the bias currents. If it 
is not provided, these currents will charge stray capacitances 
and cause internal circuit nodes to drift uncontrollably causing 
the digital output to change. Such a return path is provided in 
Figures 2a and 3a (larger input ranges) since the lk resistor leg 




2b. 0 to 255mV (ImV/LSB) 


NOTE: PIN 11. BPO/UPO SHOULD BE LOW WHEN 
CONVERSION IS STARTED. 

Figure 2. Unipolar Input Connections 



i 

(j) VcM 


3b. ±128mV Range 

NOTE: PIN 11, BPO/UPO SHOULD BE HIGH WHEN 
CONVERSION IS STARTED. 

Figure 3. Bipolar input Connections 

is tied to ground. This is not the case for Figures 2b and 3b 
(the lower input ranges). When connecting the AD670 inputs to 
floating sources, such as transformers and ac-coupled sources, 
there must still be a dc path from each input to common. This 
can be accomplished by connecting a lOkfl resistor from each 
input to ground. 

Bipolar Operation 

Through special design of the instrumentation amplifier, the 
AD670 accommodates input signal excursions below ground, 
even though it operates from a single 5V supply. To the user, 
this means that true bipolar input signals can be used without 
the need for any additional external components. Bipolar signals 
can be applied differentially across both inputs, or one of the 
inputs can be grounded and a bipolar signal applied to the 
other. 

Common-Mode Performance 

The AD670 is designed to reject dc and ac common-mode voltages. 
In some applications it is useful to apply a differential input 
signal Vi N in the presence of a dc common-mode voltage Vqm- 
The user must observe the absolute input signal limits listed in 
the specifications, which represent the maximum voltage V rN + 
V C m that can be applied to either input without affecting proper 
operation. Exceeding these limits (within the range of absolute 
maximum ratings), however, will not cause permanent damage. 

The excellent common-mode rejection of the AD670 is due to 
the instrumentation amplifier front end, which maintains the 
differential signal until it reaches the output of the comparator. 
In contrast to a standard operational amplifier, the instrumentation 
amplifier front end provides significantly improved CMRR over 
a wide frequency range (Figure 4a). 
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Ik 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 4a. CMRR over Frequency 


TO 



DIGITAL CURRENTS SHARE CONDUCTOR 
WITH ANALOG SIGNAL 


Figure 4b. AD670 Input Rejects Common-Mode Ground 
Noise 


BPO/UPO 

0 

1 

0 

1 


FORMAT INPUT RANGE/OUTPUT FORMAT 

0 Unipolar/Straight Binary 

0 Bipolar/Offset Binary 

1 Unipolar/2 ’s Complement 

1 Bipolar/2’s Complement 


Table I. AD670 Input Selection/Output Format Truth Table 


+ V|N 

-V IN 

DIFF 

V,N 

STRAIGHT BINARY 
(FORMAT = 0, BPO/UPO = 0) 

0 

0 

0 

0000 0000 

128mV 

0 

128mV 

1000 0000 

255mV 

0 

255mV 

1111 1111 

255mV 

255mV 

0 

0000 0000 

128mV 

127mV 

ImV 

0000 0001 

128mV 

- 127 mV 

255mV 

1111 1111 


Figure 5a. Unipolar Output Codes (Low Range) 





OFFSET BINARY 

2's COMPLEMENT 



DIFF 

(FORMAT = 0 f 

(FORMAT = 1, 

+V 1N 

-v 1N 

V||\| 

BPO/UPO = 1) 

BPO/UPO = 1) 

0 

0 

0 

1000 0000 

0000 0000 

127mV 

0 

127mV 

1111 1111 

0111 1111 

1.127V 

1.000V 

127mV 

1111 1111 

0111 1111 

255mV 

255mV 

0 

1000 0000 

0000 0000 

128mV 

127mV 

ImV 

1000 0001 

0000 0001 

127mV 

128mV 

-ImV 

0111 1111 

1111 1111 

127mV 

255mV 

- 128mV 

0000 0000 

1000 0000 

> 

£ 

00 

CM 

1 

0 

— 128mV 

0000 0000 

1000 0000 


Good common-mode performance is useful in a number of 
situations. In bridge- type transducer applications, such perform- 
ance facilitates the recovery of differential analog signals in the 
presence of a dc common-mode or a noisy electrical environment. 
High-frequency CMRR also becomes important when the analog 
signal is referred to a noisy, remote digital ground. In each case, 
the CMRR specification of the AD670 allows the integrity of 
the input signal to be preserved. 

The AD670’s common-mode voltage tolerance allows great 
flexibility in circuit layout. Most other A/D converters require 
the establishment of one point as the analog reference point. 

This is necessary in order to minimize the effects of parasitic 
voltages. The AD670, however, eliminates the need to make the 
analog ground reference point and A/D analog ground one and 
the same. Instead, a system such as that shown in Figure 4b is 
possible as a result of the AD670’s common-mode performance. 
The resistors and inductors in the ground return represent 
unavoidable system parasitic impedances. 

Input/Output Options 

Data output coding (2’s complement vs. straight binary) is 
selected using Pin 12, the FORMAT pin. The selection of input 
format (bipolar vs. unipolar) is controlled using Pin 1 1 , BP O/UPO . 
Prior to a write/convert, the state of FORMAT and BPO/UPO 
should be available to the converter. These lines may be tied to 
the data bus and may be changed with each conversion if desired. 
The configurations are shown in Table I. Output coding for 
representative signals in each of these configurations is shown in 
Figure 5. 

An output signal, STATUS, indicates the status of the conversion. 
STATUS goes high at the beginning of the conversion and 
returns low when the conversion cycle has been completed. 


Figure 5b. Bipolar Output Codes (Low Range) 

Calibration 

Because of its precise factory calibration, the AD670 is intended 
to be operated without user trims for gain and offset; therefore, 
no provisions have been made for such user trims. Figures 6a, 
6b, and 6c show the transfer curves at zero and full scale for the 
unipolar and bipolar modes. The code transitions are positioned 
so that the desired value is centered at that code. The first LSB 
transition for the unipolar mode occurs for an input of + 1/2LSB 
(5mV or 0.5mV). Similarly, the MSB transition for the bipolar 
mode is set at — 1/2LSB (-5mV or — 0.5mV). The full scale 
transition is located at the full scale value — 1 1/2LSB. These 
values are 2.545V and 254. 5mV. 


OUTPUT 

CODES 



Figure 6a. Unipolar Transfer Curve 
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OUTPUT 

CODES 



(0.255V) 

2.550V 



Figure 6. Transfer Curves 



Figure 7. Control Logic Block Diagram 


R/W 

CS 

CE 

OPERATION 

0 

0 

0 

WRITE/CONVERT 

1 

0 

0 

READ 

X 

X 

1 

NONE 

X 

1 

X 

NONE 


Table II. AD670 Control Signal Truth Table 


CONTROL AND TIMING OF THE AD670 
Control Logic 

The AD670 contains on-chip logic to provide conversion and 
data read operations from signals commonly available in micro- 
processor systems. Figure 7 shows the internal logic circuitry of 
the AD670. The control signals, CE, CS, and R/W control the 
operation of the converter. The read or write function is determined 
by R/W when both CS and CE are low as shown in Table II. If 
all three control inputs are held low longer than the conversion 
time, the device will continuously convert until one input, CE, 
CS, or R/W is brought high. The relative timing of these signals 
is discussed later in this section. 


Timing 

The AD670 is easily interfaced to a variety of microprocessors 
and other digital systems. The following discussion of the timing 
requirements of the AD670 control signals will provide the 
designer with useful insight into the operation of the device. 

Write/Convert Start Cycle 

Figure 8 shows a complete timing diagram for the write/convert 
start cycle. CS (chip select) and CE (chip enable) are active low 
and are interchangeable signals. Both CS and CE must be low 
for the converter to read or start a conversion. The minimum 
pulse width, t w , on either CS or CE is 300ns to start a 
conversion. 


Table III. AD670 TIMING SPECIFICATIONS 

Boldface indicates parameters tested 100% unless otherwise noted. See Specifications page for explanation. 


Symbol 

Parameter 

Min 

@ + 25°C 

Typ Max 

Units 

WRITE/CONVERT START MODE 

t w Write/Start Pulse Width 

300 


ns 

*DS 

Input Data Setup Time 

200 


ns 

*DH 

Input Data Hold 

10 


ns 

*RWC 

Read/W rite Setup Before Control 

0 


ns 

toe 

Delay to Convert Start 


700 

ns 

tc 

Conversion Time 


10 

|XS 

READ MODE 

tR 

Read Time 

250 


ns 

tSD 

Delay from Status Low to Data Read 


250 

ns 

tTD 

Bus Access Time 


200 250 

ns 

*DH 

Data Hold Time 

25 


ns 

Idt 

Output Float Delay 


150 

ns 

tRT 

R/W before CE or CS low 

0 


ns 
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R/W 


CS 

CE 

FORMAT 

BPO/UPO 

STATUS 


Figure 8. Write/Convert Start Timing 

The R/W line is used to direct the converter to start a conversion 
(R/W low) or read data (R/W high). The relative sequencing of 
the three control signals (R/W, CE, CS) is unimportant. However, 
when all three signals remain low for at least 300ns (t w ), STATUS 
will go high to signal that a conversion is taking place. 

Once a conversion is started and the STATUS line goes high, 
convert start commands will be ignored until the conversion 
cycle is complete. The output data buffer cannot be enabled 
during a conversion. 

Read Cycle 

Figure 9 shows the timing for the data read operation. The data 
outputs are in a high impedance state until a read cycle is initiated. 
To begin the read cycle, R/W is brought high. During a read 
cycle, the minimum pulse length for CE and CS is a function of 
the length of time required for the output data to be valid. The 
data becomes valid and is available to the data bus in a maximum 
of 250ns. This delay between the high impedance state and 
valid data is the maximum bus access time or t T D- Bringing CE 
or CS high during valid data ends the read cycle. The outputs 
remain valid for a minimum of 25ns (t DH ) and return to the 
high impedance state after a delay, t DT , of 150ns maximum. 




Figure 9. Read Cycle Timing 


STAND-ALONE OPERATION 

The AD670 can be used in a “stand-alone” mode, which is 
useful in systems with dedicated input ports available. Two 
typical conditions are described and illustrated by the timing 
diagrams which follow. 

Single Conversion, Single Read _ 

When the AD670 is used in a stand-alone mode, CS and CE 
should be tied together. Conversion will be initiated by bringing 
R/W low. Within 700ns, a conversion will begin. The R/W 
pulse should be brought high again once the conversion has 
started so that the data will be valid upon completion of the 
conversion. Data will remain valid until CE andCS are brought 
high to indicate the end of the read cycle or R/Wgoes low. The 
timing diagram is shown in Figure 10. 


— WRITE *-j— READ 

r/w { , j , 



*DT !"■*- 


Figure 10. Stand-Alone Mode Single Conversion/ 
Single Read 

Continuous Conversion, Single Read 
A variety of applications may call for the A/D to be read after 
several conversions. In process control systems, this is often 
the case since a reading from a sensor may only need to be 
updated every few conversions. Figure 11 shows the timing 
relationships. 

Once again, CE and_CS should be tied together. Conversion will 
begin when the R/W signal is brought low. The device will 
convert repeatedly as indicated by the status line. A final conversion 
will take place once the R/W line has been brought high. The 
rising edge of R/W must occur while STATUS is high. R/W 
should not return high while STATUS is low since the circuit is 
in a reset state prior to the next conversion. Since theorising 
edge of R/W must occur while STATUS is high, R/W’s length 
must be a minimum of 10.25|xs (tc + t TD ). Data becomes valid 
upon completion of the conversion and will remain so until the 
CE and CS Jines are brought high indicating the end of the read 
cycle or R/W goes low initiating a new series of conversions. 



Figure 1 1. Stand-Alone Mode Continuous Conversion/ 
Single Read 
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APPLYING THE AD670 

The AD670 has been designed for ease of use, system compatibility, 
and minimization of external components. Transducer interfaces 
generally require signal conditioning and preamplification before 
the signal can be converted. The AD670 will reduce and even 
eliminate this excess circuitry in many cases. To illustrate the 
flexibility and superior solution that the AD670 can bring to a 
transducer interface problem, the following discussions are 
offered. 

Temperature Measurements 

Temperature transducers are one of the most common sources 
of analog signals in data acquisition systems. These sensors 
require circuitry for excitation and preamplification/buffering . 
The instrumentation amplifier input of the AD670 eliminates 
the need for this signal conditioning. The output signals from 
temperature transducers are generally sufficiently slow that a 
sample/hold amplifier is not required. Figure 12 shows the 
AD590 IC temperature transducer interfaced to the AD670. 

The AD580 voltage reference is used to offset the input for 0°C 
calibration. The current output of the AD590 is converted into 
a voltage by Rl. The high impedance unbuffered voltage is 
applied directly to the AD670 configured in the - 128mV to 
127mV bipolar range. The digital output will have a resolution 
of 1°C. 



DIGITAL OUTPUT 
±127°C 

1“C RESOLUTION 


Figure 12. AD670 Temperature Transducer Interface 

Platinum RTDs are also a popular, temperature transducer. 
Typical RTDs have a resistance of 1000 at 0°C and change 
resistance 0.40 per °C. If a constant excitation current is caused 
to flow in the RTD, the change in voltage drop will be a 
measure of the change in temperature. Figure 13 shows such a 
method and the required connections to the AD670. The 
AD580 2.5V reference provides the accurate voltage for the 
excitation current and range offsetting for the RTD. The op- 
amp is configured to force a constant 2.5mA current through 
the RTD. The differential inputs of the AD670 measure the 
difference between a fixed offset voltage and the temperature 
dependent output of the op-amp which varies with the resistance 
of the RTD. The RTD change of approximately 0.4fl/ o C results 
in a lmV/°C voltage change. With the AD670 in the lmV/LSB 
range, temperatures from 0 to 255°C can be measured. 


+ 5V 



Figure 13. Low Cost RTD Interface 

Differential temperature measurements can be made using an 
AD590 connected to each of the inputs as shown in Figure 14. 
This configuration will allow the user to measure the relative 
temperature difference between two points with a 1°C resolution. 
Although the internal lk and 9k resistors on the inputs have 
± 20% tolerance, trimming the AD590 is unnecessary as most 
differential temperature applications are concerned with the 
relative differences between the two. However, the user may see 
up to a 20% scale factor error in the differential temperature to 
digital output transfer curve. 

This scale factor error can be eliminated through a software 
correction. Offset corrections can be made by adjusting for any 
difference that results when both sensors are held at the same 
temperature. A span adjustment can then be made by immersing 
one AD590 in an ice bath and one in boding water and eliminating 
any deviation from 100°C. For a low cost version of this setup, 
the plastic AD592 can be substituted for the AD590. 


+ 9V OR GREATER 



DIGITAL OUTPUT = 

AT ±127°C 
1°C RESOLUTION 
( ± 20% OF ABSOLUTE ERROR) 


Figure 14. Differential Temperature Measurement Using 
the AD 590 
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STRAIN GAUGE MEASUREMENTS 

Many semiconductor-type strain gauges, pressure transducers, 
and load cells may also be connected directly to the AD670. 
These types of transducers typically produce 30 millivolts full- 
scale per volt of excitation. In the circuit shown in Figure 15, 
the AD670 is connected directly to a Data Instruments model 
JP-20 load cell. The AD584 programmable voltage reference is 
used along with an AD741 op-amp to provide the ±2.5V 
excitation for the load cell. The output of the transducer will be 
± 150mV for a force of ±20 pounds. The AD670 is configured 
for the ±128 millivolt range. The resolution is then approximately 
2.1 ounces per LSB over a range of ± 17 pounds. Scaling to 
exactly 2 ounces per LSB can be accomplished by trimming the 
reference voltage which excites the load cell. 


+ 12V 



Figure 15. AD670 Load Cell Interface 

MULTIPLEXED INPUTS 

Most data acquisition systems require the measurement of 
several analog signals. Multiple A/D converters are often used to 
digitize these inputs, requiring additional preamplification and 
buffer stages per channel. Since these signals vary slowly, a 
differential MUX can multiplex inputs from several transducers 
into a single AD670. And since the AD670’s signal-conditioning 
capability is preserved, the cost of several ADCs, differential 
amplifiers, and other support components can be reduced to 
that of a single AD670, a MUX, and a few digital logic gates. 


An AD7502 dual 4-channel MUX appears in Figure 16 multi- 
plexing four differential signals to the AD670. The AD7502’s 
decoded address is gated with the microprocessor’s write signal 
to pro vice a latching strobe at the flip-flops. A write cycle to the 
AD7502’s address then latches the two LSBs of the data word 
thereby selecting the input channel for subsequent conversions. 



Figure 16. Multiplexed Analog Inputs to AD670 

SAMPLED INPUTS 

For those applications where the input signal is capable of slewing 
more than 1/2LSB during the AD670’s 10jjls conversion cycle, 
the input should be held constant for the cycle’s duration. The 
circuit shown in Figure 17 uses a CMOS switch and two capacitors 
to sample/hold the input. The AD67(Vs STATUS output, once 
inverted, supplies the sample/hold (S/H) signal. 

A convert command applied on the CE, CS OR R/W lines will 
initiate the conversion. The AD670’s STATUS output, once 
inverted, supplies the sample/hold signal to the CD4066. The 
CD4066 CMOS switch shown in Figure 17 was chosen for its 
fast transition times, low on-resistance and low cost. The control 
input’s propagation delay for switch-closed to switch-open should 
remain less than 150ns to ensure that the sample-to-hold transition 
occurs before the first bit decision in the AD670. 
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Figure 17. Low Cost Sample-and-Hold Circuit for AD670 

Since settling to 1/2LSB at 8-bits of resolution requires 6.2 RC 
time constants, the 500pF hold capacitors and CD4066’s 3000 
on-resistance yield an acquisition time of under lps, assuming a 
low impedance source. 

This sample/hold approach makes use of the differential capabilities 
of the AD670. Because 500pF hold capacitors are used on both 
V IN + and V IN — inputs, the droop rate depends only on the 
offset current of the AD670, typically 20nA. With the matched 
500pF capacitors, the droop rate is 40fxV//jis. The input will 
then droop only 0.4mV (0.4LSB) during the AD670’s 10|xs 
conversion time. The differential approach also minimizes pedestal 
error since only the difference in charge injection between the 
two switches results in errors at the A/D. 

The fast conversion time and differential and common-mode 
capabilities of the AD670 permit this simple sample-hold design 
to perform well with low sample-to-hold offset, droop rate of 
about 40(xV/(xs and acquisition time under lp-s. The effective 
aperture time of the AD670 is reduced by about 2 orders of 
magnitude with this circuit, allowing frequencies to be converted 
up to several kilohertz. 

While no input anti-aliasing filter is shown, filtering will be 
necessary to prevent output errors if higher frequencies are 
present in the input signal. Many practical variations are possible 
with this circuit, including input MUX control, for digitizing a 
number of AC channels. 

IBM PC INTERFACE 

The AD670 appears in Figure 18 interfaced to the IBM PC. 
Since the device resides in I/O space, its address is decoded 
from only the lower ten address fines and must be gated with 
AEN (active low) to mask out internal (DMA) cycles which use 
the same I/O address space. This active low_signal is applied to 
CS. AO, meanwhile, is reserved for the R/W input. This places 



Figure 18. IBM PC Interface to AD670 

the AD670 in two adjacent addresses; one for sta rting the con- 
version and the other for reading the result. The IOR and IOW 
signals are then gated and applied to CE, whi le the lower two 
data fines are applied to FORMAT and BPO/UPO inputs to 
provide software programmable input formats and output 
coding. 

In BASIC, a simple OUT ADDR, WORD command initiates a 
conversion. While the upper six bits of the data WORD are 
meaningless, the lower two bits define the analog input format 
and digital output coding according to Table IV. The data is 
available ten microseconds later (which is negligible in BASIC) 
and can be read using INP (ADDR+ 1). The 3-fine subroutine 
in Figure 19, used in conjunction with the interface of Figure 
18, converts an analog input within a bipolar range to an offset 
binary coded digital word. 

NOTE: Due to the large number of options that may be installed 
in the PC, the I/O bus loading should be limited to one Schottky 
TTL load. Therefore, a buffer/driver should be used when 
interfacing more than two AD670’s to the I/O bus. 


DATA INPUT FORMAT 

0 Unipolar 

1 Bipolar 

2 Unipolar 

3 Bipolar 


OUTPUT CODING 

Straight Binary 
Offset Binary 
2’s Complement 
2’s Complement 


Table IV. 

10 OUT 8tH310,1 'INITIATE CONVERSION 

20 ANALOGIN = INP (&H31 1 ) 'READ ANALOG INPUT 

30 RETURN 

Figure 19. Conversion Subroutine 
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ANALOG 

DEVICES 


8-Bit A/D Converter 


AD673* 


FEATURES 

Complete 8-Bit A/D Converter with Reference, Clock 
and Comparator 

30ps Maximum Conversion Time 

Full 8- or 16-Bit Microprocessor Bus Interface 

Unipolar and Bipolar Inputs 

No Missing Codes Over Temperature 

Operates on +5V and -12V to -15V Supplies 


PRODUCT DESCRIPTION 

The AD673 is a complete 8-bit successive approximation analog- to- 
digital converter consisting of a DAC, voltage reference, clock, 
comparator, successive approximation register (SAR) and 3 state 
output buffers-all fabricated on a single chip. No external com- 
ponents are required to perform a full accuracy 8-bit conversion 
in 20|xs. 

The AD673 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with I 2 L (integrated injection logic). Laser trim- 
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 

Operating on supplies of +5V and - 12V to - 15V, the AD673 
will accept analog inputs of 0 to + 10V or - 5V to + 5V. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20|xs conversion cycle. DATA READY indicates completion 
of the conversion. 

The AD673 is available in two versions. The AD673J as specified 
over the 0 to + 70°C temperature range and the AD673S guarantees 
± V 2 LSB relative accuracy and no missing codes from - 55°C to 
+ 125°C. 

Two package configurations are offered. All versions are also 
offered in a 20-pin hermetically sealed ceramic DIP. The AD673J 
is also available in a 20-pin plastic DIP. 

♦Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 


AD673 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 

V+ V- COMMON CONVERT 



PRODUCT HIGHLIGHTS 

1. The AD673 is a complete 8-bit A/D converter. No external 
components are required to perform a conversion. 

2. The AD673 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. 

3. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD673 adapts to either unipolar (0 to + 10V) or bipolar 
( - 5 V to + 5 V) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with +5V and — 12V or - 15V 
supplies. 
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CDHPinrATmMC CT A =25°C, V+ = + 5V, V- = -12V or -15V, all voltages measured with respect to digital common, 
Ol Cl# III 0 FI 1 1 UNO unless otherwise indicated) 



AD673J 

AD673S 


Model 

Min Typ Max 

Min Typ Max 

Units 

RESOLUTION 

8 

8 

Bits 

RELATIVE ACCURACY, 1 

±1/2 

±1/2 

LSB 

Ta = T m i n tO T max 

±1/2 

±1/2 

LSB 

FULL SCALE CALIBRATION 2 

±2 

±2 

LSB 

UNIPOLAR OFFSET 

±1/2 

±1/2 

LSB 

BIPOLAR OFFSET | 

±1/2 

■■■B9 

LSB 

DIFFERENTIAL NONLINEARITY, 3 

8 

8 

Bits 

T A = T min toT max 

8 

8 

Bits 

TEMPERATURE RANGE 

0 +70 

-55 +125 

°C 

TEMPERATURE COEFFICIENTS 




Unipolar Offset 

±1 

±1 

LSB 

Bipolar Offset 

±1 

±1 

LSB 

Full Scale Calibration 2 

±2 

±2 

LSB 

POWER SUPPLY REJECTION 




Positive Supply 




+ 4.5<V + < + 5.5V 

±2 

±2 

LSB 

Negative Supply 




-15.75V<V-<- 14.25V 

±2 

±2 

LSB 

-12.6V<V-<- 11.4V 

±2 

m 1 

LSB 

ANALOG INPUT IMPEDANCE 

3.0 5.0 7.0 

3.0 5.0 7.0 

kft 

ANALOG INPUT RANGES 




Unipolar 

0 +10 

0 +10 

V 

Bipolar 

-5 +5 

-5 +5 

V 

OUTPUT CODING 




Unipolar 

Positive True Binary 

Positive True Binary 


Bipolar 

Positive True Offset Binary 

Positive True Offset Binary 


LOGIC OUTPUT 




Output Sink Current 




(Vout = 0.4V max, T min to T max ) 

3.2 

3.2 

mA 

Output Source Current 4 




(Vout = 2.4V min, T^ to T max ) 

0.5 

0.5 

mA 

Output Leakage 

±40 

±40 

|xA 

LOGIC INPUTS 




Input Current 

±100 

±100 

|aA 

Logic “1” 

2.0 

2.0 

V 

Logic “0” 

0.8 

0.8 

V 

CONVERSION TIME, T A and 




Tmin ft) T max 

10 20 30 

10 20 30 

JXS 

POWER SUPPLY 




V + 

+ 4.5 +5.0 +7.0 

+ 4.5 +5.0 +7.0 

V 

V- 

-11.4 -15 -16.5 

-11.4 -15 -16.5 

V 

OPERATING CURRENT 




V + 

15 20 

15 20 

mA 

V- 

9 15 

9 15 

mA 


NOTES 

Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

2 Full scale calibration is guaranteed trimmable to zero with an external 200ft potentiometer in place of the 15ft 
fixed resistor. 

Full scale is defined as 10 volts minus 1LSB, or 9.961 volts. 

3 Defined as the resolution for which no missing codes will occur. 

4 The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 
a nominal 6kft internal pull-up resistor. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD673 


ABSOLUTE MAXIMUM RATINGS 

V + to Digital Common 0 to + 7V 

V- to Digital Common 0 to - 16.5V 

Analog Common to Digital Common ± IV 

Analog Input to Analog Common ± 15V 

Control Inputs 0 to V + 

Digital Outputs (High Impedance State) 0 to V + 

Power Dissipation 800mW 


AD673 ORDERING GUIDE 

Temperature Relative 

Model Range Accuracy Package Options* 

AD673JN 0 to + 70°C ±l/2LSBmax Plastic DIP (N-20) 

AD673JD 0 to + 70°C ±l/2LSBmax Ceramic DIP (D-20) 

AD673SD -55°Cto + 125°C ±l/2LSBmax Ceramic DIP (D-20) 
AD673JP 0 to + 70°C ±l/2LSBmax PLCC(P-20A) 

*See Section 14 for package outline information. 


FUNCTIONAL DESCRIPTION 

A block diagram of the AD673 is shown in Figure 1 . The positive 
CONVERT pulse must be at least 500ns wide. DR goes high 
within 1.5jxs after the leading edge of the convert pulse indicating 
that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal 8-bit 
current output DAC is sequenced by the integrated injection 
logic (I 2 L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the 5kD resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
more, the bit is turned off. After testing all bits, the SAR contains 
a 8-bit binary code which accurately represents the input signal 
to within (0.05% of full scale). 

The SAR drives DR low to indicate that the conversion is complete 
and that th e data is available to the output buffers. DATA 
ENABL E can then be acti vated to enable the 8-bits of data 
desired. DATA ENABLE should be brought high prior to the 


DIGITAL 

V+ V- COMMON CONVERT 



next conversion to place the output buffers in the high impedance 
state. 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less V 2 LSB) to be 
injected into the summing ( 4- ) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + 10V unipolar input 
range becomes a - 5V to + 5V range. The 5kO thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 

UNIPOLAR CONNECTION 

The AD673 contains all the active components required to 
perform a complete A/D conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies ( + 5 V 
and - 12V to - 15V), the analog input and the convert pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. 


The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 



•PINS 1 & 2 ARE INTERNALLY CONNECTED TO TEST POINTS 


AND SHOULD BE LEFT FLOATING 


Figure 1. AD673 Functional Block Diagram 


Figure 2. AD673 Pin Connections 
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Full Scale Calibration 

The 5kH thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
D AC-plus about 0.3%-when an analog input voltage of 9.961 
volts (10 volts - 1LSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 
is inserted in series with the input signal, the input current at 
the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.961 volt full scale can be achieved 
to sufficient accuracy by simply inserting a 150 resistor in series 
with the analog input to pin 14. Typical full scale calibration 
error will then be within ±2LSB or ±0.8%. If more precise 
calibration is desired, a 2000 trimmer should be used instead. 
Set the analog input at 9.961 volts, and set the trimmer so that 
the output code is just at the transition between 111111 10 and 
11111111. Each LSB will then have a weight of 39.06mV. If a 
nominal full scale of 10.24 volts is desired (which makes the 
LSB have a weight of exactly 40.0m V), a 1000 resistor and a 
1000 trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of 5kO. Figure 3 illustrates the connections 
required for full scale calibration. 
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Figure 3. Standard AD673 Connections 


Unipolar Offset Calibration 

Since the Unipolar Offset is less than ± V&LSB for all versions 
of the AD673, most applications will not require trimming. 
Figure 4 illustrates two trimming methods which can be used if 
greater accuracy is necessary. 

Figure 4a shows how the converter zero may be offset to correct 
for initial offset and/or input signal offsets. As shown, the circuit 
gives approximately symmetrical adjustment in unipolar mode. 



& 


ion 
OR 2011 
POT. 


SIGNAL COMMON 


'h BIT ZERO OFFSET 


Figure 4b. 


Figure 4. Unipolar Offset Trimming 


Figure 5 shows the nominal transfer curve near zero for an 
AD673 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 



NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 



OFFSET CHARCTERISTICS WITH 

1011 IN SERIES WITH ANALOG COMMON 


Figure 5. AD673 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration , Nominal 
Bit Weights % 39. 06m V) 

This offset can easily be accomplished as shown in Figure 4b. 

At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 10O resistor in series with this 
terminal will result in approximately the desired Vi bit offset of 
the transfer characteristics. The nominal 2mA Analog Common 
current is not closely controlled in manufacture. If high accuracy 
is required, a 20H potentiometer (connected as a rheostat) can 
be used as Rl. Additional negative offset range may be obtained 
by using larger values of Rl. Of course, if the zero transition 
point is changed, the full scale transition point will also move. 
Thus, if an offset of ViLSB is introduced, full scale trimming as 
described on the previous page should be done with an analog 
input of 9.941 volts. 

NOTE: During a conversion, transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle appropriately during a conversion. Capacitive 
decoupling will “pump up” and fail to settle resulting in conversion 
errors. Power supply decoupling, which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 
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Applying the AD673 


BIPOLAR CONNECTION 

To obtain the bipolar - 5V to + 5V range with an offset binary 
output code, the bipolar offset control pin is left open. 

A - 5.00 volt signal will give a 8-bit code of 00000000; an input 
of 0.00 volts results in an output code of 10000000 and +4.961 
volts at the input yields the 11111111 code. The nominal transfer 
curve is shown in Figure 6. 



INPUT VOLTAGE - mV 

Figure 6. AD673 Transfer Curve-Bipolar Operation 

Note that in the bipolar mode, the code transitions are offset 
14LSB such that an input voltage of 0 volts - 5mV to + 35mV 
yields the code representing zero (10000000). Each output code 
is then centered on its nominal input voltage. 

Full Scale Calibration 

Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is +4.61 
volts. 

Negative Full Scale Calibration 

The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally — 5 V) which results in the 
000000 00 code. R2 should be omitted to obtain a symmetrical 
range. 

The bipolar offset control input is not directly TTL compatible 
but a TTL interface for logic control can be constructed as 
shown in Figure 7. 



Figure 7 . Bipolar Offset Controlled by Logic Gate 
Gate Output = 1 Unipolar 0-1 OV Input Range 
Gate Output = 0 Bipolar ±5V Input Range 


SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD673 

Many situations in high-speed acquisition systems or digitizing 
rapidly changing signals require a sample-hold amplifier (SHA) 
in front of the A-D converter. The SHA can acquire and hold a 
signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the AD673, a SHA can 
also serve as a high input impedance buffer. 

Figure 8 shows the AD673 connected to the AD582 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
AD582 will acquire a 10 volt signal in less than 10p,s with a 
droop rate less than 100fxV/ms. 

DR goes high after the conversion is initiated to indicate that 
reset of the SAR is complete. In Figure 8 it is also used to put 
the AD582 into the hold mode while the AD673 begins its 
conversion cycle. (The AD582 settles to final value well in advance 
of the first comparator decision inside the AD673). 

DR goes low when the conversion is complete placing the AD582 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 10|xs delay to allow for 
signal acquisition by the AD582. 

Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 



Figure 8. Sample-Hold Interface to the AD673 
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GROUNDING CONSIDERATIONS 

The AD673 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common mode voltage between the two commons. 
This permits more flexible control of system common bussing 
and digital and analog returns. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 

The absolute maximum voltage rating between the two commons 
is ± 1 volt. It is recommended that a parallel pair of back-to-back 
protection diodes be connected between the commons if they 
are not connected locally. 

CONTROL AND TIMING OF THE AD673 

The operation of the AD673 is controlled by two inputs: CON- 
VERT and DATA ENABLE. 

Starting a Conversion 

The conversion cycle is initiated by a positive-going CONVERT 
pulse at least 500ns wide. The rising edge of this pulse resets 
the inter nal l ogic, clears the result of the previous conversion, 
and sets DR high. The falling edge of CONVERT begins the 
conversion cycle. When conversion is completed DR returns 
low . During the conversion cycle, DE should be held high. If 
DE goes low during a conversion, the data output buffers will 
be enabled and intermediate conversion results will be present 
on the data output pins. This may cause bus conflicts if other 
devices in a system are trying to use the bus. 
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Figure 9. Convert Timing 

Reading the Data 

The three-state data output buffers is enabled by DE. Access 
time of these buffers is typically 150ns (250 maximum). The 
Data outputs remain valid until 50ns after the enable signal 
returns high, and are completely into the high-impedance state 
100ns later. 


DB0-DB7 



TIMING SPECIFICATIONS 


Parameter 

Symbol Min 

Typ 

Max 

Units 

CONVERT Pulse Width 

tcs 

500 

- 

- 

ns 

DR Delay from CONVERT t DS c 

- 

1 

1.5 

|XS 

Conversion Time 

tc 

10 

20 

30 

|AS 

Data Access Time 

Data Valid after DE 

tDD 

0 

150 

250 

ns 

High 

tHD 

50 

- 

- 

ns 

Output Float Delay 

tHL 

- 

100 

200 

ns 


MICROPROCESSOR INTERFACE CONSIDERATIONS - 
GENERAL 

When an analog-to-digital converter like the AD673 is interfaced 
to a microprocessor, several details of the interface must be 
considered. First, a signal to start the converter must be generated; 
then an appropriate delay period must be allowed to pass before 
valid conversion data may be read. In most applications, the 
AD673 can interface to a microprocessor system with little or no 
external logic. 

The most popular control signal configuration consists of decoding 
the address assigned to the AD673, then gating this signal with 
the system’s WR signal to generate the CONVERT pulse, and 
gating it with RD to enable the output buffers. The use of a 
memory address and memory WR and RD signals denotes “mem- 
ory-mapped” I/O interfacing, while the use of a separate I/O 
address space denotes “isolated I/O” interfacing. 

Figure 1 1 shows a generalized diagram of the control logic for 
an AD673 interfaced to an 8-bit data bus, where an address 
ADC ADDR has been decoded. ADC ADDR starts the converter 
when written to (the actual data being written to the converter 
does not matter) and contains the high byte data during read 
operations. 



Figure 1 1. General AD673 Interface to 8-Bit 
Microprocessor 
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In systems where this read-write interface is used, at least 30 
microseconds (the maximum conversion time) must be allowed 
to pass between starting a conversion and reading the results. 
This delay or “timeout” period can be implemented in a short 
software routine such as a countdown loop, enough dummy 
instructions to consume 30 microseconds, or enough actual 
useful instructions to consume the required time. In tightly- timed 
systems, the DR line may be read through an external three-state 
buffer to determine precisely when a conversion is complete. 
Higher-speed systems may choose to use DR to signal an interrupt 
to the processor at the end of a conversion. 



Figure 12. Typical AD673 Timing Diagram 


Interfacing to the AD673 

CONVERT Pulse Generation 

The AD673 is tested with a CONVERT pulse width of 500ns 
and will typically operate with a pulse as short as 300ns. However, 
some microprocessors produce active WR pulses which are 
shorter than this. Either of the circuits shown in Figure 13 can 
be used to generate an adequate CONVERT pulse for the AD673. 
In both circuits, the short low-going WR pulse sets the CONVERT 
line high through a flip-flop. The rising edge of DR (which 
signifies that the internal logic has been reset) resets the flip-flop 
and brings CONVERT low, which starts the conversion. 

Note that t DS c is slightly longer when the result of the previous 
conversion contains a logic 1 on the LSB. This means that the 
actual CONVERT pulse generated by the circuits in Figure 13 
will vary slightly in width. 



Figure 13a. Using 74LS00 Figure 13b. Using 1/2 74LS74 
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ANALOG 

DEVICES 


Complete 
12-Bit A/D Converter 



FEATURES 

Complete 12-Bit A/D Converter with Reference 
and Clock 

Faster Version of AD574A 
8- and 16-Bit Bus Interface 
No Missing Codes Over Temperature 
15ps max Conversion Time 
± 12V and ±15V Operation 
Unipolar and Bipolar Inputs 
DIP Package 


PRODUCT DESCRIPTION 

The AD674A is a complete 12-bit successive-approximation 
analog-to-digital converter with three-state output buffer circuitry 
for direct interface to an 8- and 16-bit microprocessor bus. A 
high-precision voltage reference and clock are included on-chip, 
and the circuit requires only power supplies and control signals 
for operation. 

The AD674A is pin compatible with the industry-standard 
AD574A but offers faster conversion time and bus-access speed. 

The AD674A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. The 
chips are laser trimmed at the wafer stage to obtain full rated 
performance without external trims. 

The AD674A is available in six different grades. The AD674AJ, 
K, and L grades are specified for operation over the 0 to + 70°C 
temperature range. The AD674AS, T, and U are specified for 
the -55°C to + 125°C range. All grades are available in a 28-pin 
hermetically sealed ceramic DIP. 

The S, T, and U grades are also available with optional processing 
to MIL-STD-883C Class B in 28-pin DIP. The Analog Devices 
Military Products Databook should be consulted for details on 
/883B testing of the AD674A. 


AD674A FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 

1. The AD674A interfaces to most 8- or 16-bit microprocessors. 
Multiple-mode three-state output buffers connect directly to 
the data bus while the read and convert commands are taken 
from the control bus. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 

2. The precision, laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges: 0 to +10 and 0 to +20 volts 
unipolar, - 5 to +5 and - 10 to + 10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of ±0.1% can 
be trimmed to zero with one external component each. 

3. The internal buried zener reference is trimmed to 10.00 volts 
with 1% maximum error and 15ppm/°C typical T.C. The 
reference is available externally and can drive up to 2.0mA 
beyond the requirements of the reference and bipolar offset 
resistors. 



♦Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; 
RE 28,633. 
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SPECIFICATIONS (@ =m ^ v <* = +i5v ° r +i2v - w = +sv, v* = -w or -i» 

WI i-vii ivm iviiy unless otherwise indicated) 




AD674AJ 



AD674AK 



AD674AL 



Model 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 

1 » 1 

» 1 

!?_l 

Bits 

LINEARITY ERROR 



±1 



±1/2 



±1/2 

LSB 

T min 1° T max 



±1 



±1/2 



±1/2 

LSB 

DIFFERENTIAL LINEARITY ERROR 











(Minimum resolution for which no 
missing codes are guaranteed) 











TmintoTmax 

11 



12 



12 



Bits 

UNIPOLAR OFFSET (Adjustable to zero) 

±2 

±2 

±2 

LSB 

BIPOLAR OFFSET (Adjustable to zero) 

±10 

±4 

±4 

LSB 

FULL-SCALE CALIBRATION ERROR 











(with fixed 50fl resistor from REF OUT to REF IN) 
(Adjustable to zero) 


0.1 

0.25 


0.1 

0.25 


0.1 

0.25 

%ofF.S. 

TEMPERATURE RANGE 

0 


+ 70 

0 


+ 70 

0 


+ 70 

°C 

TEMPERATURE COEFFICIENTS 











(Using internal reference) 











Tmin tO T max 











Unipolar Offset 



±2(10) 



±1(5) 



±1(5) 

LSB (ppm/°C) 

Bipolar Offset 



±2(10) 



±1(5) 



±1(5) 

LSB (ppm/°C) 

Full-Scale Calibration 



±9(50) 



±5(27) 



±2(10) 

LSB (ppm/°C) 

POWER SUPPLY REJECTION 











Max change in Full Scale Calibration 











V C c=15V ± 1.5V or 12V ±0.6V 



; £,:m 



±1 



±1 

LSB 

Vlogic=5V±0.5V 



19 



±1/2 



±1/2 

LSB 

Vee= - 15V ± 1.5V or - 12V ±0.6V 



Warn 



±1 



±1 

LSB 

ANALOG INPUT 











Input Ranges 











Bipolar 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 


-10 


+ 10 

-10 


+ 10 

-10 


+ 10 

Volts 

Unipolar 

0 


+ 10 

0 


+ 10 

0 


+ 10 

Volts 


0 


+ 20 

0 


+ 20 

0 


+ 20 

Volts 

Input Impedance 











10 Volt Span 

3 

5 

7 

3 

5 

7 

3 

5 

7 

kn 

20 Volt Span 

6 

10 

14 

6 

10 

14 

6 

10 

14 

kft 

DIGITAL CHARACTERISTICS 1 (T^n to T max ) 











Inputs 











Logic “1” Voltage 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

Volts 

Logic “0” Voltage 

-0.5 


+ 0.8 

■ 


+ 0.8 

-0.5 


+ 0.8 

Volts 

Current 

-100 


+ 100 

-100 


+ 100 

-100 


+ 100 

HA 

Capacitance 

Outputs (DB 1 1-DB0, STS) 


5 



5 



5 


pF 

Logic “1” Voltage (Isource 2 500jjlA) 

+ 2.4 



+ 2.4 



+ 2.4 



Volts 

Logic “0” Voltage (Isink— 1 .6mA) 



+ 0.4 



+ 0.4 



+ 0.4 

Volts 

Leakage (DB1 1-DB0, High-Z State) 

-20 


+ 20 

-20 


+ 20 

-20 


+ 20 

HA 

Capacitance 


5 



5 



5 


pF 

POWER SUPPLIES 











Operating Range 











Vlogic 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5, 

Volts 

Vcc 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

Volts 

V EE 

Operating Current 

-11.4 


- 16.5 

- 11.4 


-16.5 

-11.4 


-16.5 

Volts 

I LOGIC 


30 

40 


30 

40 


30 

40 

mA 

Icc 


2 

5 


2 

5 


2 

5 

mA 

Iee 


18 

29 


18 

29 


18 

29 

mA 

POWER DISSIPATION 


390 

720 


390 

720 


390 

720 

mW 

INTERNAL REFERENCE VOLTAGE 

9.9 

10.0 

10.1 

9.9 

10.0 

10.1 

9.9 

10.0 

10.1 

Volts 

Output current (available for external loads) 2 
(External load should not change during conversion) 



2.0 



2.0 



2.0 

mA 


NOTES 

1 Detailed Timing Specifications appear in the Timing Section . Specifications shown in boldface are tested on all production units at final electri- 

2 The reference should be buffered for operation on ± 12V supplies. cal test. Results from those tests are used to calculate outgoing quality levels. All 

Specifications subject to change without notice. min and max specifications are guaranteed, although only those shown in 

boldface are tested on all production units. 
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AD674A 



| 

AD674AS 



AD674AT 


| Min 

AD674AU 



Model 


Typ 

Max 

Min 

Typ 

Max 


Typ 

Max 

Units 

RESOLUTION 

1 -2 H 

1 1 

1 u 1 

Bits 

LINEARITY ERROR 



±1 







LSB 

Tmin tO T max 



±1 



KSfl 



Ban 

LSB 

DIFFERENTIAL LINEARITY ERROR 











(Minimum resolution for which no 
missing codes are guaranteed) 











T mir to T max 

11 



12 



12 



Bits 

UNIPOLAR OFFSET (Adjustable to zero) 

±2 

±2 

±2 

LSB 

BIPOLAR OFFSET (Adjustable to zero) 

±10 

±4 

±4 

LSB 

FULL-SCALE CALIBRATION ERROR 











(with fixed 500 resistor from REF OUT to REF IN) 
(Adjustable to zero) 


0.1 

0.25 


0.1 

0.25 


0.1 

0.25 

%ofF.S. 

TEMPERATURE RANGE 

-55 


+ 125 

-55 


+ 125 

-55 


+ 125 

°C 

TEMPERATURE COEFFICIENTS 











(Using internal reference) 











Trn.ntoT^ 











Unipolar Offset 



±2(5) 



±1(2.5) 



±1(2.5) 

LSB (ppm/°C) 

Bipolar Offset 



±4(10) 



±2(5) 



±1(2.5) 

LSB (ppm/°C) 

Full-Scale Calibration 



±20(50) 



±10(25) 



±5(12.5) 

LSB (ppm/°C) 

POWER SUPPLY REJECTION 









msm 

__ 

Max change in Full Scale Calibration 









■ 

' ' I 

V CC =15V ± 1.5V or 12V ±0.6V 



±2 



±1 




E 

V L ogic = 5V±0.5V 



±1/2 



±1/2 




m 

V EE = - 15V ± 1.5V or - 12V ±0.6V 



±2 



±1 




HM 

ANALOG INPUT 











Input Ranges 











Bipolar 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 


-10 


+ 10 

-10 


+ 10 

-10 


+ 10 

Volts 

Unipolar 

0 


+ 10 

0 


+ 10 

0 


+ 10 

Volts 


0 


+ 20 

0 


+ 20 

0 


+ 20 

Volts 

Input Impedance 











10 Volt Span 

3 

5 

7 

3 

5 

7 

3 

5 

7 

kSl 

20 Volt Span 

6 

10 

14 

6 

10 

14 

6 

10 

14 

kft 

DIGITAL CHARACTERISTICS 1 to T^) 











Inputs 











Logic “ 1” Voltage 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

+ 2.0 


+ 5.5 

Volts 

Logic “0” Voltage 

-0.5 


+ 0.8 

-0.5 


+ 0.8 

-0.5 


+ 0.8 

Volts 

Current 

-100 


+ 100 

-100 


+ 100 

-100 


+ 100 

pA 

Capacitance 

Outputs (DB 1 1-DB0, STS) 


5 



5 



5 


pF 

Logic “ 1” Voltage (Isource^ 500pA) 

+ 2.4 



+ 2.4 



+ 2.4 



Volts 

Logic “0” Voltage (Isink- 1 -6mA) 



+ 0.4 



+ 0.4 



+ 0.4 

Volts 

Leakage (DB1 1-DBO, High-Z State) 

-20 


+ 20 

-20 


+ 20 

-20 


+ 20 

pA 

Capacitance 


5 



5 



5 


pF 

POWER SUPPLIES 











Operating Range 











Vlogic 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5 

+ 4.5 


+ 5.5 

Volts 

Vcc 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

+ 11.4 


+ 16.5 

Volts 

Vee 

Operating Current 

-11.4 


-16.5 

-11.4 


-16.5 

-11.4 


-16.5 

Volts 

I LOGIC 


30 

40 


30 

40 


30 

40 

mA 

Icc 


2 

5 


2 

5 


2 

5 

mA 

Iee 


18 

29 


18 

29 


18 

29 

mA 

POWER DISSIPATION 


390 

720 



720 


390 

720 

mW 

INTERNAL REFERENCE VOLTAGE 

9.9 

10.0 

10.1 

9.9 

10.0 

10.1 

9.9 

10.0 

10.1 

Volts 

Output current (available for external loads) 2 
(External load should not change during conversion) 



2.0 



2.0 



2.0 

mA 


NOTES 

1 Detailed Timing Specifications appear in the Timing Section . Specifications shown in boldface are tested on all production units at final electri- 

2 The reference should be buffered for operation on ± 12V supplies. cal test. Results from those tests are used to calculate outgoing quality levels. All 

Specifications subject to change without notice. min and max specifications are guaranteed, although only those shown in 

boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS* 

Vcc to Digital Common 0 to + 16.5V 

V EE to Digital Common 0 to - 16.5V 

Vlogic to Digital Common 0 to +7V 

Analog Common to Digital Common ±1V 

Digital Inputs to Digital Common . -0.5V to Vlogic + 0.5V 

Analog Inputs to Analog Common V EE to Vcc 

20Vin to Analog Common ± 24V 

REF OUT Indefinite short to common 

Momentary short to Vcc 


Chip Temperature 175°C 

Power Dissipation . 825mW 

Lead Temperature, Soldering 300°C, lOsec 

Storage Temperature -65°Cto + 150°C 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational section of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


AD674A ORDERING GUIDE 




Linearity Error 

No Missing Codes 

Full Scale 

Package 

Model 

Temperature Range 

(Tjnin T max ) 

(T m in to T max ) 

T.C.(ppm/°C) 

Option* 

AD674AJD 

Oto 4-70°C 

± 1LSB 

11 Bits 

50.0 

D-28 

AD674AKD 

0 to + 70°C 

± 1/2LSB 

12 Bits 

27.0 

D-28 

AD674ALD 

Oto + 70°C 

± 1/2LSB 

12 Bits 

10.0 

D-28 

AD674ASD 

-55°Cto + 125°C 

± 1LSB 

11 Bits 

50.0 

D-28 

AD674ATD 

-55°Cto + 125°C 

± 1LSB 

12 Bits 

25.0 

D-28 

AD674AUD 

- 55°Cto + 125°C 

± 1LSB 

12 Bits 

12.5 

D-28 


*See Section 14 for package outline information. 
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AD674A 


DEFINITIONS OF SPECIFICATIONS 
LINEARITY ERROR 

Linearity error refers to the deviation of each individual code 
from a line drawn from “zero” through “full scale”. The point 
used as “zero” occurs 1/2LSB (1.22mV for 10 volt span) before 
the first code transition (all zeros to only the LSB “on”). “Full 
scale” is defined as a level 1 1/2LSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular code. 

The AD674AK, L, T, and U grades are guaranteed for maximum 
nonlinearity of ± 1/2LSB. For these grades, this means that an 
analog value which falls exactly in the center of a given code 
width will result in the correct digital output code. Values nearer 
the upper or lower transition of the code width may produce the 
next upper or lower digital output code. The AD674AJ and S 
grades are guaranteed to ± 1LSB max error. For these grades, 
an analog value which falls within a given code width will result 
in either the correct code for that region or either adjacent one. 

Note that the linearity error is not user adjustable. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the AD674AK, L, T, and U grades, 
which guarantee no missing codes to 12-bit resolution, all 4096 
codes must be present over the entire operating temperature 
ranges. The AD674AJ and S grades guarantee no missing codes 
to 1 1-bit resolution over temperature; this means that all code 
combinations of the upper 11 bits must be present; in practice 
very few of the 12-bit codes are missing. 

UNIPOLAR OFFSET 

The first transition should occur at a level 1/2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
later. The unipolar offset temperature coefficient specifies the 
maximum change of the transition point over temperature, with 
or without external adjustment. 

BIPOLAR OFFSET 

In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 1/2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ± 1/2LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be reduced 
for a converter of given resolution. 


LEFT-JUSTIFIED DATA 

The data format used in the AD674A is left- justified. This 
means that the data represents the analog input as a fraction of 
4095 

full scale, ranging from 0 to TqqZ. This implies a binary point 
to the left of the MSB. 

FULL-SCALE CALIBRATION ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value 1 1/2LSB below the nominal 
full scale (9.9963 volts for 10.000 volts full scale). The full-scale 
calibration error is the deviation of the actual level at the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figures 3 and 4. The full-scale calibration error over temperature 
is given with and without the initial error trimmed out. The 
temperature coefficients for each grade indicate the maximum 
change in the full-scale gain from the initial value using the 
internal 10V reference. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T^ or T,^. 

POWER SUPPLY REJECTION 

The standard specifications for the AD674A assume use of 
+ 5.00 and ± 15.00 or ± 12.00V supplies. The only effect of 
power supply error on the performance of the device will be a 
small change in the full-scale calibration. This will result in a 
linear change in all lower-order codes. The specifications show 
the maximum full-scale change from the initial value with the 
supplies at the various limits. 

CODE WIDTH 

A fundamental quantity for A/D converter specifications is the 
code width. This is defined as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to 1 least significant bit 
(LSB) of the full-scale range or 2.44mV out of 10 volts for a 
12-bit ADC. 
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CIRCUIT OPERATION 

The AD674A is a complete 12-bit A/D converter which requires 
no external components to provide the complete successive-ap- 
proximation analog- to-digital conversion function. A block dia- 
gram of the AD674A is shown in Figure 1 . 



I STATUS 
ll\ 


DB7 

DB6 

DB5 

DB4 

DBS 

DB2 

OBI 


DIGITAL 

DATA 

OUTPUTS 


1 DIGITAL COMMON 


Figure 1. Block Diagram of AD674A 12-Bit A-to-D Converter 

When the control section is commanded to initiate a conversion 
(as described later), it enables the clock and resets the successive- 
approximation register (SAR) to all zeros. Once a conversion 
cycle has begun, it cannot be stopped or re-started and data is 
not available from the output buffers. The SAR, timed by the 
clock, will sequence through the conversion cycle and return an 
end-of-convert flag to the control section. The control section 
will then disable the clock, bring the output status flag low, and 
enable control functions to allow data read functions by external 
command. 

During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output current 
which accurately balances the input signal current through the 
5kH (or lOkf!) input resistor. The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current sum to be greater or less than the input current; 
if the sum is less, the bit is left on; if more, the bit is turned 
off. After testing all the bits, the SAR contains a 12-bit binary 
code which accurately represents the input signal to within 
± 1/2LSB. 

The temperature-compensated buried zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ± 1%; it can supply up to 1.5mA to an external 
load in addition to the requirements of the reference input resistor 
(0.5mA) and bipolar offset resistor (1mA) when the AD674A is 
powered from ± 15V supplies. If the AD674A is used with 
± 12V supplies, or if external current must be supplied over the 
full temperature range, an external buffer amplifier is recom- 
mended. Any external load on the AD674A reference must 
remain constant during conversion. The thin film application 
resistors are trimmed to match the full-scale output current of 


the DAC. There are two 5kfl input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kfl bipolar offset resistor 
is grounded for unipolar operation and connected to the 10 volt 
reference for bipolar operation. 

DRIVING THE AD674A ANALOG INPUT 

The AD674A is a successive-approximation analog-to-digital 
converter. During the conversion cycle, the ADC input current 
is modulated by the DAC test current at approximately a 1MHz 
rate. Thus it is important to recognize that the signal source 
driving the AD674A must be capable of holding a constant 
output voltage under dynamically-changing load conditions. 


FEEDBACK TO AMPLIFIER 



Figure 2. Op Amp - AD674A Interface 

The closed-loop output impedance of an op amp is equal to the 
open-loop output impedance (usually a few hundred ohms) 
divided by the loop gain at the frequency of interest. It is often 
assumed that the loop gain of a follower-connected op amp is 
sufficiently high to reduce the closed-loop output impedance to 
a negligibly small value, particularly if the signal is low frequency. 
However, the amplifier driving an AD674A must either have 
sufficient loop gain at 1MHz to reduce the closed-loop output 
impedance to a low value or have low open-loop output impedance. 
This can be accomplished by using a wideband op amp, such as 
the AD711. 

If a sample-hold amplifier is required, the monolithic AD585 is 
recommended. Its output buffer will drive the AD674A input 
directly. 

SUPPLY DECOUPLING AND LAYOUT 
CONSIDERATIONS 

It is critically important that the AD674A power supplies be 
filtered, well regulated, and free from high frequency noise. Use 
of noisy supplies will cause unstable output codes. Switching 
power supplies are not recommended for circuits attempting to 
achieve 12-bit accuracy unless great care is used in filtering any 
switching spikes present in the output. Remember that a few 
millivolts of noise represents several counts of error in a 12-bit 
ADC. 

Decoupling capacitors should be used on all power supply pins; 
the + 5 V supply decoupling capacitor should be connected 
directly from Pin 1 to Pin 15 (digital common) and the + V C c 
and - V E e pins should be decoupled directly to analog common 
(Pin 9). A suitable decoupling capacitor is a 4.7|xF tantalum 
type in parallel with a 0.1 |xF disc ceramic type. 

Circuit layout should attempt to locate the AD674A, associated 
analog input circuitry, and interconnections as far as possible 
from logic circuitry. For this reason, the use of wire-wrap circuit 
construction is not recommended. Careful printed-circuit con- 
struction is preferred. 
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Analog Circuit Details - AD674A 


UNIPOLAR RANGE CONNECTIONS FOR THE AD674A 

The AD674A contains all the active components required to 
perform a complete 12-bit A/D conversion. Thus, for most 
situations, all that is necessary is connection of the power supplies 
( + 5, +12/ +15 and - 12/- 15 volts), the analog input, and the 
conversion initiation command, as discussed on the next page. 



If Pin 12 is connected to Pin 9, the unit will behave in this 
manner, within specifications. If the offset trim (Rl) is used, it 
should be trimmed as above, although a different offset can be 
set for a particular system requirement. This circuit will give 
approximately ± 15mV of offset trim range. 

The full-scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.9963 for a 10V range). Trim R2 to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 

BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient, one or both of the trimmers shown can be replaced 
by a 50ff ± 1% fixed resistor. The analog input is applied as for 
the unipolar ranges. Bipolar calibration is similar to unipolar 
calibration. First, a signal V6LSB above negative full scale 
(- 4.9988V for the ±5V range) is applied and Rl is trimmed to 
give the first transition (0000 0000 0000 to 0000 0000 0001). 
Then a signal II/ 2 LSB below positive full scale ( + 4.9963V for 
the ± 5V range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111). 


Figure 3. Unipolar Input Connections 


All of the thin-film application resistors of the AD674A are 
trimmed for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the AD674A guarantees ± 2LSB max zero 
offset error and ±0.25% (10LSB) max full scale error. If the 
offset trim is not required. Pin 12 can be connected directly to 
Pin 9; the two resistors and trimmer for Pin 12 are then not 
needed. If the full-scale trim is not required, a 50fl ± 1% metal 
film resistor should be connected between Pin 8 and Pin 10. 

The analog input is connected between Pins 13 and 9 for a 0 to 
+ 10V input range, between Pins 14 and 9 for a 0 to +20V 
input range. The AD674A easily accommodates input signals 
beyond the supplies. For the 10 volt span input, the LSB has a 
nominal value of 2.44mV; for the 20 volt span, 4.88mV. If a 
10.24V range is desired (nominal 2.5mV/bit), the gain trimmer 
(R2) should be replaced by a 50 Cl resistor, and a 2000 trimmer 
inserted in series with the analog input to Pin 13 (for a full-scale 
range of 20.48V (5mV/bit), use a 5000 trimmer into Pin 14). 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into Pin 13 is 5kO, and lOkO 
into Pin 14. 

UNIPOLAR CALIBRATION 

The connections for unipolar ranges are shown in Figure 3. The 
AD674A is trimmed to a nominal 1/2LSB offset so that the 
exact analog input for a given code will be in the middle of that 
code (halfway between the transitions to the codes above and 
below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + 1/2LSB (1.22mV for 10V range). 


ANALOG 

INPUTS 



Figure 4. Bipolar Input Connections 


GROUNDING CONSIDERATIONS 

The analog common at Pin 9 is the ground reference point for 
the internal reference and is thus the “high quality” ground for 
the AD674A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the high 
accuracy performance available from the AD674A in an environ- 
ment of high digital noise content, it is required that the analog 
and digital commons be connected together at the package. In 
some situations, the digital common at Pin 15 can be connected 
to the most convenient ground reference point; digital power 
return is preferred. 
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CONTROL LOGIC 

The AD674A contains on-chip logic to provide conversion initi- 
ation and data read operations from signals commonly available 
in microprocessor systems. Figure 5 shows the internal logic 
circuitry of the AD674A. 



Figure 5. AD674A Control Logic 

The control signals CE, CS, and R/C control the operation of 
the converter. The state of R/C when CE and CS are both asserted 
determines whether a data read (R/C = 1) or a convert ^R/C = 
0) is in progress. The register control inputs A 0 and 12/8 control 
conversion length and data format. If a conversion is started 
with A 0 low, a full 12-bit conversion cycle is initiated. If A 0 is 


high during a convert start, a shorter 8-bit conversion cycle 
results. During data read operations, A 0 determines whether 
the three-state buffers containing the 8 MSBs of the conversion 
result (A 0 = 0) or the 4 LSBs (A 0 = 1) are enabled. The 12/8 
pin determines whether the output data is to be organized as 
two 8-bit words 02/8 tied to DIGITAL COMMON) or a single 
12-bit word (12/8 tied to V logic)- In the 8-bit mode, the byte 
addressed when Aq is high contains the 4 LSBs from the conversion 
followed by four trailing zeroes. This organization allows the 
data lines to be overlapped for direct interface to 8-bit buses 
without the need for external three-state buffers. 

An output signal, STS, indicates the status of the converter. 

STS goes high at the beginning of a conversion and returns low 
when the conversion cycle is complete. 


CE 

CS 

R/C 

12/8 

Ao 

Operation 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

1 

0 

0 

X 

0 

Initiate 12-Bit Conversion 

1 

0 

0 

X 

1 

Initiate 8-Bit Conversion 

1 

0 

1 

1 

X 

Enable 12-Bit Parallel Output 

1 

0 

1 

0 

0 

Enable 8 Most Significant Bits 

1 

0 

1 

0 

1 

Enable 4LSBs + 4 Trailing Zeroes 


Table I. AD674A Truth Table 


TIMING 

The AD674A is easily interfaced to a wide variety of micropro- 
cessors and other digital systems. Discussion of the timing re- 
quirements of the AD674A control signals will provide the 
system designer with useful insight into the operation of the de- 
vice. 

Figure 6 shows a complete timing diagram for the AD674A con- 
vert start operation. R/C should be low before both CE and CS 
are asserted; if R/C is high, a read operation will momentarily 


CE i 


CS \j^-*ssc— 

-.'"vy 



_ V tSRC 

R/C jfc"*--— — 

t HRC ^y 



Ao tSAC^» — ► 

-t , hac — 3 

STS 


— y . ' \ — 

DB1 1-DBO 

tQSC 

— HIGH IMPEDANCE 


occur, possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion. As shown in Figure 6, 
CE is used. Note that CE includes one less propagation delay 
than CS and is therefore the faster input. 

Once a conversion is started and the STS line goes high, convert 
start commands will be ignored until the conversion cycle is 
complete. The output data buffers cannot be enabled during 
conversion. 


CONVERT START TIMING - FULL CONTROL MODE 


Symbol 

Parameter 


1 T yp I 

Max 

Units 

l DSC 

STS Delay from CE 



200 

ns 

*HEC 

CE Pulse Width 

50 



ns 

tssc 

CS to CE Setup 

50 



ns 

*HSC 

CS Low During CE High 

M 



ns 

*SRC 

R/C to CE Setup 




ns 

*HRC 

R/C Low During CE High 




ns 

tsAC 

A 0 to CE Setup 




ns 

*HAC 

A 0 Valid During CE High 

50 



ns 

tc 

Conversion Time 






8-Bit Cycle 

6 


wm 

|XS 


12-Bit Cycle 

9 

12 | 

if 

|XS 


Figure 6. Convert Start Timing 
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Analog Circuit Details -AD674A 


Figure 7 shows the timing for data read operations. During data 
read operations, access time is measured from the point where 
CE and R/C both are high (assuming CS is already low). 



Figure 7. Read Cycle Timing 


READ TIMING - FULL CONTROL MODE 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

tDD 1 

Access Time (from CE) 


75 

150 

ns 

tHD 

Data Valid after CE Low 

25 



ns 

tHL 2 

Output Float Delay 



150 

ns 

tsSR 

CS to CE Setup 

50 



ns 

tSRR 

R/CtoCE Setup 

0 



ns 

tSAR 

A 0 to CE Setup 

50 



ns 

tHSR 

CS Valid After CE Low 

0 



ns 

r HRR 

R/C High After CE Low 

0 



ns 

tHAR 

A 0 Valid After CE low 

i. 

50 



ns 


‘too is measured with the load circuit of Figure 8 and defined as the time required for an 
output to cross 0.4V or 2.4V. 

2 t H L is defined as the time required for the data lines to change 0. 5 V when loaded with the 
circuit of Figure 9. 


+5V 



a. High-Z to Logic 1 b. High-Z to Logic 0 
Figure 8. Load Circuit for Access Time Test 



a. Logic 1 to High-Z b. Logic 0 to High-Z 


Figure 9. Load Circuit for Output Float Delay Test 


“STAND-ALONE” OPERATION 

The AD674A can be used in a “stand-alone” mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. 

In this mode, CE and 12/8 are wired high, CS and A 0 are wired 
low, and conversion is controlled by R/C. The three-state buffers 
are enabled when R/C is high and a conversion starts when R/C 
goes low. This gives rise to two possible control signals-a high 
pulse or a low pulse. Operation with a low pulse is shown in 
Figure 10. In this case, the outputs are forced into the high- 
impedance state in response to the falling edge of R/C and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes high 200ns after R/C goes low and returns low 
600ns after data is valid. 

If conversion is initiated by a high pulse as shown in Figure 11, 
the data lines are enabled during the time when R/C is high. 

The falling edge of R/C starts the next conversion and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of R/C. 



Figure 10. Low Pulse fo R/C-Outputs Enabled After 
Conversion 



Figure 1 7. High Pulse for R/C-Outputs Enable While R/C 
High , Otherwise High-Z 


STAND-ALONE MODE TIMING 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

tHRL 

Low R/C Pulse Width 

50 



ns 

l DS 

STS Delay from R/C 



200 

ns 

tHDR 

Data Valid After R/C Low 

25 



ns 

tHS 

STS Delay After Data Valid 

30 

55 

600 

ns 

l HRH 

High R/C Pulse Width 

150 



ns 

tDDR 

Data Access Time 



150 

ns 


ANALOG-TO-DIGITAL CONVERTERS 3-97 




GENERAL A/D CONVERTER INTERFACE 
CONSIDERATIONS 

A typical A/D converter interface routine involves several opera- Once conversion is complete, the data can be read. For converters 

tions. First, a write to the ADC address initiates a conversion. with more data bits than are available on the bus, a choice of 

The processor must then wait for the conversion cycle to complete, data formats is required, and multiple read operations are needed, 
since most integrated circuit ADCs take longer than one instruction The AD674A includes internal logic to permit direct interface to 

cycle to complete a conversion. Valid data can, of course, only 8-bit and 16-bit data buses, selected by the state of the 12/8 

be read after the conversion is complete. The AD674A provides input. In 16-bit bus applications (12/8 high) the data lines (DB11 

an output signal (STS) which indicates when a conversion is in through DBO) may be connected to either the 12 most significant 

progress. This signal can be polled by the processor by reading or 12 least significant bits of the data bus. The remaining four 
it through an external three-state buffer (or other input port). bits should be masked in software. The interface to an 8-bit 

The STS signal can also be used to generate an interrupt upon data bus (12/8 low) is done in a left-justified format. The even 

completion of conversion, if the system timing requirements are address (AO low) contains the 8MSBs (DB11 through DB4). 
critical (bear in mind that the maximum conversion time of the The odd address (AO high) contains the 4LSBs (DB3 through 

AD674A is only 15 microseconds) and the processor has other DBO) in the upper half of the byte, followed by four trailing 

tasks to perform during the ADC conversion cycle. Another zeroes, thus eliminating bit masking instructions, 

possible time-out method is to assume that the ADC will take lt is not possible t0 rearran g e the AD674A data lines for right- 

15 microseconds to convert, and insert a sufficient number of justified 8-bit bus interface. 

“no-op” instructions to ensure that 15 microseconds of processor 
time is consumed. 


XXXO (EVEN ADDR) : 

XXXI (ODD ADDR): 


Figure 12. AD674A Data Format for 8-Bit Bus 
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ANALOG 

DEVICES 


12-Bit 200 KSPS 
Complete Sampling ADC 


AD678 


FEATURES 

AC and DC Characterized and Specified 
200k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
72 dB S/N+D (K Grade) 

Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 

10 MU Input Impedance 
8-Bit or 16-Bit Bus Interface 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 


PRODUCT DESCRIPTION 

The AD678 is a complete, multipurpose 12-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 


AD678 FUNCTIONAL BLOCK DIAGRAM 



DIP are available. Contact factory for surface-mount package 
options. 


The AD678 is similar to the AD 1678 in that it is specified for ac 
(or “dynamic”) parameters such as S/N+D ratio, THD and 
IMD which are important in signal processing applications. In 
addition, the AD678 is fully specified for dc parameters which 
are important in measurement applications. 

The AD678 offers a choice of digital interface formate; the 12 
data bits can be accessed by a 16-bit bus in a single read opera- 
tion or by an 8-bit bus in two read operations (8+4), with right 
or left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High inpu| - 
impedance (10 M SI) allows direct connection to unbuffered 
sources without signal degradation. 


Screening to MIL-STD-883C Class B is also available. 

PRODUCT HIGHLIGHTS 

1, COMPLETE INTEGRATION: The AD678 minimizes 
external component requirements by combining a high speed 
Sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 


2. SPECIFICATIONS: The AD678 is specified for both dc and 
ac parameters. DC specifications (such as INL, gain and off- 




9gt) af & important in control and measurement applications. 
§§g 0 % AC specifications (such as S/N+D ratio, THD and IMD) are 
of value in signal processing applications. 


This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD678 operates from +5 V and ±12 V supplies and dissi- 
pates 745 mW. A 28-pin plastic DIP and a 0.6" wide ceramic 


3. EASE OF USE; The pinout is designed for easy board lay- 
out, and the choice of single or two read cycle output pro- 
vides compatibility with 16- or 8-bit buses. Factory trimming 
eliminates the need for calibration modes or external trim- 
ming to achieve rated performance. 

4. RELIABILITY: The AD678 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


AD678 ORDERING GUIDE 


Temperature Range and Package Options 1 


Plastic DIP (N-28A) 

PLCC (P-28A) 

Ceramic DIP (D-28A) 

Ceramic DIP (D-28A) 

Integral Nonlinearity 


0 to +70°C 

0 to +70°C 

0 to +70°C 

— 55°C to +I25°C 

T min to T max 

S/N&D 2 

AD678JN 

AD678JP 

AD678JD 

AD678SD 

±1 LSB 

71 

AD678KN 

AD678KP 

AD678KD 

AD678TD 

±1/2 LSB 

73 


NOTE 

^ee Section 14 for package outline information. 
2 Typical at 10 kHz, -0.5 dB input. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD678 


DC SPECIFICATIONS (T m j n to T max , V cc = +12 V ±5%, V EE = —12 V ±5%, V DD = +5 V ±10% unless otherwise indicated) 


Parameter 

AD678J 

Min Typ Max 

AD678K 

Min Typ Max 

Units 

TEMPERATURE RANGE 

0 +70 

0 +70 

°C 

ACCURACY 




Resolution 

12 

12 

Bits 

Integral Linearity Error 

±1 

±1/2 

LSB 

Differential Linearity 

11 

12 

Bits 

Unipolar Zero Error (@ 25°C) 1 

±2 

±2 

LSB 

Bipolar Zero Error (@ 25°^ 

±2 

±2 

LSB 

Gain Error (@ 25°C)‘> 2 

±8 

±4 

LSB 

Temperature Drift (Coefficients) 




Unipolar Zero 3 

±2 (10) 

± H5) 

LSB (ppm/°C) 

Bipolar Zero 3 

±2 (10) 

± K5) 

LSB (ppm/°C) 

Gain 3 

±9 (50) 

±5 (27) 

LSB (ppm/°C) 

Gain 4 

±2 (10) 

±2 (10) | 

LSB (ppm/°C) 

ANALOG INPUT 




Input Ranges 




Unipolar Range 

o | 

© : - +10 

V 

Bipolar Range 

-5 +5 

^5 ** ( +5. 

V 

Input Resistance 

10 

10 W% % 

m n 

Input Capacitance 

10 

10 

pF 

Input Settling Time 

1 

- ; 1 

|XS 

Aperture Delay * 

10 

10 

ns 

Aperture Jitter 

150 

150 

ps 

INTERNAL VOLTAGE REFERENCE 




Output Voltage 5 

4.95 5.05 

4.98 5.02 

V 

External Load 




Unipolar Mode 

+ 1.5 

+ 1.5 

mA 

Bipolar Mode 

+0.5 

+0.5 

mA 

POWER SUPPLIES 




Power Supply Rejection 




V cc = +12 V ±5% 6 

±1 

±1 

LSB 

V EE = -12 V ±5% 

±1 

±1 

LSB 

V DD = +5 V ±10% 

±1 

±1 

LSB 

Operating Current 




lee 

18 20 

18 20 

mA 

Iee 

25 34 

25 34 

mA 

Idd 

8 12 

8 12 

mA 

Power Consumption 

560 745 

560 745 

mW 


NOTES 

Adjustable to zero. See Figures 6 and 7. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 Excludes internal voltage reference drift. 

5 With maximum external load applied. 

6 1.4 V of headroom is required between V cc and AIN. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 

DC SPECIFICATIONS (T m j n to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V DD = +5 V ±10% unless otherwise indicated) 



AD678S 

AD678T 


Parameter 

Min Typ Max 

Min Typ Max 

Units 

TEMPERATURE RANGE 

-55 +125 

-55 +125 

°C 

ACCURACY 




Resolution 

12 

12 

Bits 

Integral Linearity Error 

±1 

±1/2 

LSB 

Differential Linearity 

11 

12 

Bits 

Unipolar Zero Error (@ 25°C) 1 

±2 

±2 

LSB 

Bipolar Zero Error (@ 25°C) 1 

±2 

±2 

LSB 

Gain Error (@ 25°C) 1,2 

Temperature Drift (Coefficients) 

±8 

±4 

LSB 

Unipolar Zero 3 

±4 (10) 

± 4 (10) 

LSB (ppm/°C) 

Bipolar Zero 3 

±4 (10) 

± 4 (10) 

LSB (ppm/°C) 

Gain 3 

±18 (44) 

±18 (44) 

LSB (ppm/°C) 

Gain 4 

±4 (10) 

±4 (10) 

LSB (ppm/°C) 

ANALOG INPUT 


,!& 11, ,'M 


Input Ranges 




Unipolar Range 



V 

Bipolar Range 

-V'i imfi 

10 

V 

Input Resistance 

* ^ 

MU 

Input Capacitance 

Input Settling Time 

Aperture Delay 

Cjpw' 3 * " .. . 

10 

“ 

"pF 

fXS 

ns 

Aperture Jitter 

150 


ps 

INTERNAL VOLTAGE REFERENCE 
Output Voltage 5 

External Load 

I* 

4.95 5.05 

* 

i%8 % 5.02 

V 

Unipolar Mode 

+ 1.5 

+ 1.5 

mA 

Bipolar Mode 

+0.5 

+0.5 

mA 

POWER SUPPLIES 




Power Supply Rejection 




V cc = +12 V ±5% 6 

±1 

±1 

LSB 

V EE = -12 V ±5% 

±1 

±1 

LSB 

V DD = +5 V ±10% 

Operating Current 

±1 

±1 

LSB 

Icc 

18 20 

18 20 

mA 

Iee 

25 34 

25 34 

mA 

Idd 

8 12 

8 12 

mA 

Power Consumption 

560 745 

560 745 

mW 


NOTES 

Adjustable to zero. See Figures 6 and 7. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 Excludes internal voltage reference drift. 

5 With maximum external load applied. 

6 1.4 V of headroom is required between V cc and AIN. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Timing - AD678 


TIMING SPECIFICATIONS 


(All grades, T min to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, 
V DD = +5 V ±10% unless otherwise noted) 


Symbol 

Min 

Typ 

Max 

Units 

t sc 

50 



ns 

tcR 



5 

P'S 




5.23 

IXS 1 

tcp 

150 



ns 

l AD 

5 


20 

ns 

tc 


3.9 

4.47 

M'S 

k: 


4.1 

4.70 

(XS 3 

tSD 

0 


400 

ns 

l BA 



100 

ns 

t FD 

10 


80 

ns 

tUD 



200 

ns 


SC Delay t sc 50 

Conversion Rate tc R 5 

5.23 

Convert Pulse Width tc P 150 

Aperture Delay t AD 5 20 

Conversion Time 2 tc 3.9 4.47 

tc 4.1 4.70 

Status Delay t SD 0 400 

Access Time 4 t BA 100 

Float Delay 5 t FD 10 80 

Update Delay t UD 200 

Format Setup t FS 60 

OE Delay t 0 E 20 

Read Pulse Width tRp 100 

150 

Conversi on Delay t CD 150 

EOCEN Delay t EO 20 

notes . ,gpi|| wZm, i 

’S/T grades in 8-bit read mode (see Figure 4). 

includes Acquisition Time. '' ^ m 

3 S, T grades. ,, } 

4 Measured from the falling edge of OE/EOCEN (0.8 V) to the time at 

See Figure 3; C OUT = 100 pF. ,, 

5 Measured from the rising edge of OE/EOCEN (2.0 V) to the time at v 
See Figure 3; C OUT = 10 pF. ^ 

6 12-bit read mode. 

7 8-bit read mode. 

Specifications subject to change without notice. 


data Iines/EOC cross 2.0 V or 0.8 V. 
output voltage changes by 0.5 V. 


-H t sc K*- 

1 

t CP L 


-Ht EO k- 

r / 

CEN \j j 

K^aH -*1 K-*r 

^1 / vl 


SHA TRACK HOLD 


’SEE END-OF-CONVERT (EOC) PARAGRAPH FOR DETAILS. 


Figure 2. EOC Timing 


CONTENT OF 
OUTPUT 
REGISTER 


NOTES 

’IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION. SEE THE START 
CONVE RSION TRUTH TABLE FOR DETAILS. 

2 EOCEN = LOW; FIGURE 2. IN SYNCHRONOUS MODE, EOC IS A THREE-STATE OUTPUT. 

IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. 

3 DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


TEST 

V CP 

CoUT 

ACCESS TIME HIGH Z TO LOGIC LOW 

5 V 

100 pF 

FLOAT TIME LOGIC HIGH TO HIGH Z 

5 V 

10 pF 

ACCESS TIME HIGH Z TO LOGIC HIGH 

0 V 

100 pF 

FLOAT TIME LOGIC LOW TO HIGH Z 

0 V 

10 pF 


Figure 1. Conversion Timing 


Figure 3. Load Circuit for Bus Timing Specifications 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 



ANALOG-TO-DIGITAL CONVERTERS 3-103 





CONVERSION CONTROL 

In synchronous mode_(SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver- 
sion. CS should be LOW t sc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started by 
bringing SC low, regardless of the state of CS. 

Before a conversion is started, End-of-Convert (EOC) is HIGH, 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. EOC goes HIGH when the con- 
version is finished. 

In track mode, the sample-hold will settle to ±0.01% (12 bits) 
in 1 |xs maximum. The acquisition time does not affect the 
throughput rate as the AD678 goes back into track mode more 

12-BIT MODE CODING FORMAT (1 LSB = 2.44 mV) 


Unipolar Coding 
(Straight Binary) 

Bipolar Coding 
(Twos Complement) 

Vm 

Output Code 

V,N 

Output Code 

0 

000 . . 

. 0 

-5.000 V 

100 ... 0 

5.000 V 

100 . . 

. 0 

-0.002 V 

i ml 

9.9964 V 

Ill . . 

. 1 

0 

000 . . . 0 




+2.500 V 

010 . . .0 




+4.9964 V 

Oil . . .1 


OUTPUT ENABLE TRUTH TABLES 


12-BIT MODE (12/8 = HIGH) 


INPUTS 

OUTPUT 

(CSUOE) 

DBI1-DB0 

i 

High Z 

\ 

Enable 12-Bit Output 


8-BIT MODE (12/8 = LOW) 



INPUTS | 

OUTPUTS 


RVL 

HBE 

(CS U OE) 



DB11 . 

. . DB4 




X 

X 

1 

^ High Z ► 


1 

0 

\ 

0 

0 

0 

0 

a 

b 

c 

d 

Unipolar 

1 

1 

\ 

e 

f' 

g 

h 

i 

j 

k 

1 

Mode 

0 

0 

\ 

a 

b 

c 

d 

e 

f 

g 

h 


0 

1 

\ 

i 

j 

k 

1 

0 

0 

0 

0 


1 

0 

\ 

a 

a 

a 

a 

a 

b 

c 

d 

Bipolar 

1 

1 


e 

f 

g 

h 

i 

j 

k 

1 

Mode 

0 

0 

\ 

a 

b 

c 

d 

e 

f 

g 

h 


0 

1 

\ 

i 

j 

k 

1 

0 

0 

0 

0 


NOTES 

1 = HIGH voltage level. 
0 = LOW voltage level. 
X = Don’t care. 

U = Logical OR. 


a = MSB. 

1 = LSB. 

= HIGH to LOW transition. Must 
stay low for t = t^. 


than 1 |xs before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput rate is needed. 

END-OF-CONVERT 

In asynchronous mode, End-of-Convert (EOC) is an open drain 
output (requiring a mini mum 3 kO pull-up resistor) enabled by 
End-of-Convert ENable (EOCEN). In sync hronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
the Conversion Status Truth Table for details. Access (t BA ) and 
float (t FD ) timing specifications do not apply in asynchronous 
mode where they are a function of the time constant formed by 
the 10 pF output capacitance and the pull-up resistor. 


START CONVERSION TRUTH TABLE 



INPUTS 



SYNC CS SC 

STATUS 

Synchronous 

Mode 

|fdb 
. \ * 

1 1 X 

l%f° "t 
€S \ o 

1*. 0 0 j 

No Conversion 

Start Conversion 

Start Conversion 
(Not Recommended) 

Continuous Conversion 

}/ ^ 8 

v* X 1 

No Conversion 

Asynchronous 

0 X \ 

Start Conversion 

Mode 

0 X 0 

Continuous Conversion 


||NOtSS 

ji ■:%, = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

\ = HIGH to LOW transition. Must stay low for t = t CP . 


CONVERSION STATUS TRUTH TABLE 



INPUTS 

OUTPUT 

STATUS 

SYNC CS EOCEN 

EOC 

Synchronous 

Mode 

1 0 0 

1 0 0 

1 1 X 

1 X 1 

^^9 

Converting 

Not Converting 

Either 

Either 

Asynchronous 

Mode* 

0X0 

0X0 

0 X 1 

0 

High Z 

High Z 

Converting 

Not Converting 

Either 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

*EOC requires a pull-up resistor in asynchronous mode. 
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Dynamic Performance - AD678 


OUTPUT ENABLE OPERATION 

The data bits (DB11-DB0) are three-state outputs enabled by 
Chip Select (CS) and Output Enable (OE). CS should be LOW 
t OE be fore OE is brought LOW. Bits DB1 (R/L) and DBO 
(HBE) are bidirectional. In 12-bit mode they are data output 
bits. In 8-bit mode they are inputs which define the format of 
the output register. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REF oux ), 
output coding is twos complement binary. 

When EOC goes HIGH, the output register contains the results 
of the previous conversion. A period of time t UD is required for 
the present conversion results to be loaded into the output regis- 
ter. Bringing OE LOW t OE after CS goes LOW makes the out- 
put register contents available on the data bits. A period of time 
t CD is required after OE is brought HIGH before the next SC 
instruction is issued. This allows internal logic states to reset 
and guarantees minimum aperture jitter for the next conversion. 

Output Enable (OE) must be toggled to update the output 
register in both 8- and 12-bit read modes. 

Figure 4 illustrates the 8-bit read mode (12/8 - LOW), where 
only DB11-DB4 are used as output lines onto an 8-bit bus. The 
output is read in two steps, with the high byte r ead first, fol- 
lowed by the low byte. High Byte Enable (HBE) control the , 
output sequence. The 12-bit Result can be right or left justified® 
depending on the state of R/L. Note that for S and T grades, 
the 8-bit read mode results in a conversion rate of 5.23 fJkS. 

In 12-bit read mode (12/8 = HIGH), a single READ operation 
accesses all 12 output bits on DB11-DB0 for interface to a 16- 
bit bus. Figure 5 provides the output timing relationships. Note 
that t CR must be ovserved, in that SC pulses should not be 
issued at intervals closer than 5 |xs. If SC is asserted sooner than 
5 |xs, conversion accuracy may deteriorate. For this reason, SC 
should not be held LOW in an attempt to operate in a continu- 
ous convert mode. 



■*\ 

t OE 

t CR » 

r 



U ” 

-* 

t 

- -i •» 

f*- -*jt CD 


\ 

/ 





N 

LU \ / 

l 


- (high byte) ( Low BYTEy 


Figure 4. Output Timing , 8-Bit Read Mode 



mmmm 


OE 




K-T 


DATA 


Figure 5. Output Timing , 12-Bit Read Mode 


POWER-UP 

A conversion sequence, consisting of one SC instruction, is 
required after power-up to reset internal logic. 
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Definition of Specifications 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 

TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 


INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL LINEARITY (DNL) 

In an ideal ADC, code transitions are 1LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci- 
fied in terms of resolution for which no missing codes (NMC) 
are guaranteed. 

This specification is 12 bits from T min to T max for the AD678K 
and T grades, which guarantees that all 4096 codes are present 
over temperature. The AD678J and S grades specify 11 bits 
NMC T min to T max , which means that missing codes do not 
occur adjacent to each other. 


PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 

... mm. 

« |jp| 

INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1, 2, 3 . . . Intermodulation 
terms are those for which m or n is not equal to zero. For Exam- 
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) ancJJ|. 
(fa - 2 fb). The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals applied to the con- 
verter are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a 0 dB input signal. 

BANDWIDTH 


UNIPOLAR ZERO ERROR 

In unipolar mode, the fifst transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
t i discussed in the Input Connections and Calibration 


BIPOLAR ZERO ERROR 

In the bipolar mode, the major carry transition (1111 1111 1111 
to 0000 0000 0000 ) should occur at an analog value 1/2 LSB 
below analog ground. Bipolar zero error is the deviation of the 
ial transition from that point. This error can be adjusted as 
isM in the Input Connections and Calibration section. 



GAIN ERROR 

The last transition should occur at an analog value 1 1/2 LSB 
below the nominal full scale (9.9963 volts for a 0-10 V range, 
4.9963 volts for a ±5 V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 


The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 

At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 


INTEGRAL LINEARITY ERROR (INL) 

The ideal transfer function for a linear ADC is a straight line 
drawn between “zero” and “full scale.” The point used as 
“zero” occurs 1/2LSB before the first code transition. “Full 
scale” is defined as a level 1 1/2LSB beyond the last code transi- 
tion. Integral linearity error is the worst-case deviation of a code 
from the straight line. The deviation of each code is measured 
from the middle of that code. 


The AD678 has been designed to optimize input bandwidth, 
allowing the AD678 to undersample input signals with frequen- 
cies significantly above the converter’s Nyquist frequency. 

APERTURE DELAY 

Aperture delay is a measure of the SHA’s performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 


The AD678K and T grades are guaranteed for maximum inte- 
gral linearity error of ± 1/2LSB T min to T max . For these grades, 
this means that an analog value which falls exactly in the center 
of a given code will result in the correct digital output code. 
Values nearer the upper or lower transition of the code may pro- 
duce the next upper or lower digital output code. The AD678J 
and S grades are guaranteed to ±1LSB max error. For these 
grades, an analog value which falls within a given code width 
will result in either the correct code for that region or either 
adjacent one. 


APERTURE JITTER 

Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 


Note that the linearity error is not user adjustable. 
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Definition of Specifications - AD678 


POWER SUPPLY REJECTION 

Variations in power supply will affect the full-scale calibration. 
This will result in a linear change in all lower-order codes. The 
specifications show the maximum change in the full-scale transi- 
tion point due to a change in power-supply voltage from the 
nominal value. 


TEMPERATURE COEFFICIENT 

This is the maximum change in the parameter from the initial 
value (@ 25°C) to the value at T mi n or T max . 


AD678 PIN DESCRIPTION 


Symbol 

Pin No. 

Type 

Name and Function 

AGND 

7 

P 

Analog Ground. This is the ground return for AIN only. 

AIN 

6 

Al 

Analog Signal Input. 

BIPOFF 

10 

Al 

Bipolar Offset. Connect to AGND for +10 V input unipolar mode and straight binary output 
coding. Connect to REF OUT through 50 Cl resistor for ±5 V input bipolar mode and twos com- 
plement binary output coding. See Figures 7 and 8. 

CS 

4 

Dl 

Chip Select. Active LOW. 

DGND 

14 

P 

Digital Ground ~ %§ 

DB1I-DB4 

26-19 

DO 

Data Bits 11 through 4. In 12-bit format ($e£ 12/8 pin), these pins provide the upper 8 bits of 
data. In 8-bit format, these i>ibs provide all 12 bits in two bytes (see R/L pin). Active HIGH. 

DB3, DB2 

18, 17 

DO 

Data Bits 3 and 2. In 12-bit format, these pins provide Data Bit 3 and Data Bit 2. Active 

HIGH. In 8 -bit format they are undefined and should be tied to V DE) . 

DB1 (R/L) 

16 

DO 

In 12-bit format. Data Bit 1. Active HIGH. 

DBO(HBE) 

15 

DO 

In 12-bit format, Data Bit 0. Active HIGH. 

EOC 

27 

DO 

End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the conversion 
is finillied. In asynchronous mode, EOC is an open drain output and requires an external 3 kH 
pull-up resistor. See EOCEN and SYNC pins for information on EOC gating. 

EOCEN 

1 

DI 

End-Of-Convert Enable. Enables EOC pin. Active LOW. 

HBE (DBO) 

15 

DI 

In 8-bit format, High Byte Enable. If LOW, output contains high byte. If HIGH, output con- 
tains low byte. 

OE 

2 

DI 

Output Enable. The falling edge of OE enables DB11-DB0 in 12-bit format and 

DB11-DB4 in 8-bit format. Gated with CS. Active LOW. 

REF in 

9 

AI 

Reference Input. +5 V input gives 10 V full scale range. 

REF out 

8 

AO 

+5 V Reference Output. Tied to REF IN through 50 Cl resistor for normal operation. 

R/L (DB1) 

16 

DI 

In 8-bit format, Right/Left justified. Sets alignment of 12-bit result within 16-bit field. Tied to 

V DD for right-justified output and tied to DGND for left-justified output. 

SC 

3 

DI 

Start Convert. Active LOW. See SYNC pin for gating. 

SYNC 

13 

DI 

SYNC Control. If tied to V DD (synchronous mode), SC, EOC and EOCEN are gated by CS. If 
tied to DGND (asynchronous mode), SC and EOCEN are independent of CS, and EOC is an 
open drain output. EOC requires an external 3 kfl pull-up resistor in asynchronous mode. 

Vcc 

11 

P 

+ 12 V Analog Power. 

v EE 

5 

P 

- 12 V Analog Power. 

Vdd 

28 

P 

+5 V Digital Power. 

12/8 

12 

DI 

Twelve/eight bit format. If tied HIGH, sets output format to 12-bit parallel. If tied LOW, sets 
output format to 8 -bit multiplexed. 


Type: AI = Analog Input. 

AO = Analog Output. 

DI = Digital Input (TTL and 5 V CMOS compatible). 

DO = Digital Output (TTL and 5 V CMOS compatible). All DO pins are three-state drivers. 
P = Power. 
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ABSOLUTE MAXIMUM RATINGS* 


PIN CONFIGURATION 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

Vcc 

AGND 

-0.3 

+ 18 

V 

Vee 

AGND 

-18 

+0.3 

V 

Vcc 

Vee 

-0.3 

+26.4 

V 

V DD 

DGND 

0 

+7 

V 

AGND 

DGND 

-1 

+ 1 

V 

AIN, REF in 

AGND 

-12 

+ 12 

V 

REF in 

Vee 

0 

Vcc 

V 

REf in 

Vcc 

Vee 

0 

V 

Digital Inputs 

DGND 

-0.5 

+7 

V 

Digital Outputs 

DGND 

-0.5 

V DD +0.3 

V 

Max Junction 





Temperature 



175 

°c 

Operating Temperature 





J and K Grades 


0 

+70 

°c 

S and T Grades 


-55 

+ 125 

°c 

Storage Temperature 


-65 

+ 150 

°c 

Lead Temperature 





(10 sec max) 



+300 

°c 


OE 


SC 


CS 


AIN 


AGND I 


REF 0 , 


REF in 


BIPOFF 


V CC | 

12/8 I 


^Stresses above those listed under “Absolute Maximum Ratings” may 
permanent damage to the device. This is a stress rating only and fun< 
operation of the device at these or any other conditions above those 
cated in the operational sections of this specification is not implied: 
sure to absolute maximum rating conditions for extended periods may 
device reliability. m 

* ,***■ * 

ESD SENSITIVITY 1 . : 



d 

KJ 

• 

28 

[I 


27 1 

n 


26 1 

n 


25 1 

d 


24 1 

d 


23 I 

d 

AD678 

22 

d 

TOP VIEW 
(Not to Scale) 

21 | 

d 


20 | 

d 


19 1 

d 


18 | 

d 

jp 

, 

17 1 

d 


16 1 



15 1 


I DB11 


DB10 


DB8 


DB7 


DB6 


DB5 


DB4 


DB2 


| DB1 (R/L) 

I DBO (HBE) 


The AD678 features input protection circuitry consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges, (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD678 
has been classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 



Application Information 

INPUT CONNECTIONS AND CALIBRATION 

The high (10 MO) input impedance of the AD678 eases the task 
of interfacing to high source impedances or multiplexer channel- 
to-channel mismatches of up to 1000 Cl. The 10 V p-p full-scale 
input range accepts the majority of signal voltages without the 
need for voltage divider networks which could deteriorate the 
accuracy of the ADC. 

The AD678 is factory trimmed to minimize linearity, offset and 
gain errors. In unipolar mode, the only external component that 
is required is a 50 Cl ±1% resistor. Two resistors are required in 
bipolar mode. If offset and gain are not critical (as in some ac 
applications), even these components can be eliminated. 

In some applications, offset and gain errors need to be trimmed 
out completely. The following sections describe the correct pro- 
cedure for these various situations. 


UNIPOLAR RANGE INPUTS 

Offset and gain errors can be trimmed out by using the con- 
figuration shown in Figure 6. This circuit allows approximately 
±25 mV of offset trim range (±10 LSB) and ±0.5% of gain 
trim (±20 LSB). 

The nominal offset is 1/2 LSB so that the analog range that 
corresponds to each code will be centered in the middle of that 
code (halfway between the transitions to the codes above and 
below it). Thus the first transition (from 0000 0000 0000 to 0000 
0000 0001) should nominally occur for an input level of 
+ 1/2 LSB (1.22 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 1.22 mV signal to 
AIN and adjust R1 until the first transition is located, range 

The gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal 1 1/2 LSB below full scale (9.9963 V for 
a 10 V range) and adjust R2 until the last transition is located 

(ini mi mo to mi mi ini). 
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Application Information - AD678 


If offset adjustment is not required, BIPOFF should be con- 
nected directly to AGND. If gain adjustment is not required, 

R2 should be replaced with a fixed 50 Cl ±1% metal film resis- 
tor. If REFqut 1S connected directly to REF INr , the additional 
gain error will be approximately 1%. 

BIPOLAR RANGE INPUTS 

The connections for the bipolar mode are shown in Figure 7. In 
this mode, data output coding will be in twos-complement 
binary. This circuit will allow approximately ±25 mV of offset 
trim range (±10 LSB) and ± 0.5% of gain trim range (20 LSB). 

Either or both of the trim pots can be replaced with 50 fl ± 1% 
fixed resistors if the AD678 accuracy limits are sufficient for the 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 1%. 

To trim bipolar zero to its nominal value, apply a signal 
1/2 LSB below midrange (-1.22 mV for a ±5 V range) and 
adjust R1 until the major carry transition is located (1111 1111 
1111 to 0000 0000 0000). To trim the gain, apply a signal 
1 1/2 LSB below full scale (+4.9963 V for a ±5 V range) and 
adjust R2 to give the last positive transition (0111 1111 1110 to 
0111 1111 1111). These trims are interactive so several iterations 
may be necessary for convergence. 

A single-pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit* First, apply a signal 
1/2 LSB above minus full scale (-4.9988 V for a ± 5 V range) 
and adjust R1 until the minus full-scale transition is located 
(1000 0000 0000 to 1000 0000 001). Then perform the gain error 
trim as outlined above. 



Figure 6. Unipolar Input Figure 7. Bipolar Input 

Connections with Gain Connections with Gain 

and Offset Trims and Offset Trims 


BOARD LAYOUT 

Designing with high-resolution data converters requires careful 
attention to layout considerations. Trace impedance is the first 
issue. At the 12-bit level, a 5 mA current through a 0.5 O trace 
will develop a voltage drop of 2.5 mV, which is 1 LSB for a 
10 V full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high- 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 


routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD678 incorporates several features to help the user’s lay- 
out. First of all, analog pins (V EE , AIN, AGND, REF OU t? 
REF in , BIPOFF, V cc ) are adjacent to help isolate analog from 
digital signals. In addition, the 10 Mf l input impedance of AIN 
minimizes input trace impedance errors. Finally, ground cur- 
rents have been minimized by careful circuit design. Current 
through AGND is 200 |xA, with no code-dependent variation. 
The only current through DGND is the return current for 
DB11-DB0 and EOC. 

SUPPLY DECOUPLING 

The AD678 power supplies should be well filtered, well regu- 
lated, and free from high-frequency noise. Switching power sup- 
plies are not recommended. These supplies generate spikes 
which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and analog ground. A 
IQrfi’F tantalum capacitor in parallel with a 0.1 |xF ceramic pro- 
vides adequate decoupling. The power supply pins should be 
decoupled directly to DGND. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD678, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD678 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 

GROUNDING 

If a single AD678 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD678. If multiple AD678s are used or the AD678 shares ana- 
log supplies with other components, connect the analog and dig- 
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 

INTERFACING THE AD678 TO MICROPROCESSORS 

The I/O capabilities of the AD678 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 



Analog and digital signals should not share a common path. The following examples illustrate typical AD678 interface 

Each signal should have an appropriate analog or digital return configurations. 


•# 
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AD678 TO TMS320C25 

In Figure 8 the AD678 is mapped into the TMS320C25 I/O 
space. AD678 conversions are initiated by issuing an OUT 
instruction to Port 8. EOC status and the conversion result are 
read in with an IN instruction to Port 8. A single wait state is 
inserted by gener ating the processor READY input from IS, 

Port 8 and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD678 
read instruction. 

AD678 TO 80186 

Figure 9 shows the AD678 interfaced to the 80186 microproces- 
sor. This interface allows the 80186’s built-in DMA controller to 
transfer the AD678 output into a RAM based FIFO buffer of 
any length, with no microprocessor intervention. 

In this application the AD678 is configured in the asynchronous 
mode, which allows conversions to be initiated by an external 
trigger source independent of the microprocessor clock. After 
each conversion, the AD678 EOC signal generates a DMA 
request to Channel 1 (DRQ1). The subsequent DMA READ 
operation resets the interrupt latch. The system designer must 
assign a sufficient priority to the DMA channel to ensure that 
the DMA request will be serviced before the completion 
of the next conversion. This configuration can be used wii 
6-MHz and 8-MHz 80186 processors. 

iPi \ i 

AD678 TO Z80 j. wk ' 

The AD678 can be interfaced to the Z80 processor in ap. I/O 
memory mapped configuration. Figure 10 illustrates an “ ‘ “ 
figuration, where the AD678 occupies several port addr 
allow separate polling of the EOC status and reading of 
The lower address bit, A0, is used to select the high an< 
order bytes of the result. The AD678 R/L line is tied 
resulting in right justified output data. 

A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during I/O operations, allowing the AD678 to be 
used with Z80 processors having clock speeds up to 8 MHz. 

AD678 TO ANALOG DEVICES ADSP-2100A 

Figure 11 demonstrates the AD678 interfaced to an 
ADSP-2100A.With a clock frequency of 12.5 MHz, and instruc- 
tion execution in one 80 ns cycle, the digital signal processor 
will support the AD678 data memory interface with two hard- 
ware wait states. 

The converter is configured to run asynchronously using a sam- 
pling clock. The EOC output of the AD678 gets asserted at the 
end of each conversion and causes an interrupt. Upon interrupt, 
the ADSP-2100A immed iately executes a data memory write 
instruction which asserts HBE. In the following cycle, the pro- 
cessor starts a data memory read (high byte read) by providing 
an address on the DMA bus. The decoded address generates OE 
for the converter. OE, together with logic and latches, is used to 
force the ADSP-2100A into a two cycle wait state by generating 
DMACK. The read operation is th us sta rted and completed 
within 3 processor cycles (240 ns). HBE is released during “high 
byte read.” This allows the processor to read the lower byte of 
data as soon as “high byte read” is complete. The low byte read 
operation executes in a similar manner to the first and is com- 
pleted during the next 240 ns. 



Figure 8. AD678 to TMS320C25 Interface 



Figure 10. AD678 to Z80 Interface 



Figure 11. AD678 to ADSP-2100A Interface 
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ANALOG 

DEVICES 


14-Bit 100 KSPS 
Complete Sampling ADC 


AD679 


FEATURES 

AC and DC Characterized and Specified 
100k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K Grade) 

Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 

10 Mil Input Impedance 

8 Bit Bus Interface (See AD779 for 16-Bit Interface) 

On Board Reference and Clock 

10 V Unipolar or Bipolar Input Range 


AD679 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD679 is a complete, multipurpose 14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage ref- 
erence and clock generation circuitry. 

The AD679 is similar to the AD1679 in that it is specified for ac 
(or “dynamic”) parameters such as S/N+D ratio, THD and 
IMD which are important in signal processing applications. In 
addition, the, AD679 is fully specified for dc parameters which 
are important in measurement applications. 

The 14 data bits are accessed in two read operations (8+6), with 
left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth *• 

1 MHz and a full linear bandwidth of 500 kHz. High input 
impedance (10 Mfl) allows direct connection to unbuffered ' 
sources without signal degradation. Conversions can be initiated 
either under microprocessor control or by an external clock 
asynchronous to the system clock. 

This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD679 operates from +5 V and ±12 V supplies and dissi- 
pates 720 mW. A 28-pin plastic DIP and a 0.6" wide ceramic 
DIP are available. Contact factory for surface-mount package 
options. 

Screening to MIL-STD-883C Class B is available. 


PRODUCT HIGHLIGHTS 

1. COMPLETE INTEGRATION: The AD679 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 

2. SPECIFICATIONS: The AD679 is specified for both dc and 
ac parameters. DC specifications (such as INL, gain and off- 

t 'J * $et) ale important in control and measurement applications. 

AC 'specifications (such as S/N+D ratio, THD and IMD) are 
% # of value in signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay- 
out, and the two read output provides compatibility with 
8-Bit buses. Factory trimming eliminates the need for calibra- 
tion modes or external trimming to achieve rated 
performance. 

4. RELIABILITY: The AD679 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 


.n rnrninn ATinur (T *in t0 W V cc = +12 V ±5%, V EE = -12 V ±5%, V DD = +5 V ±10%, f SAMPLE = 100 KSPS, 
Al ortUrlbAIIUNo f, N = 10.009 kHz unless otherwise noted) 1 




AD679J/S 


AD679K/T 


Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 




mm 




-0.5 dB Input (Referred to -0 dB Input) 

78 

79 


El 

81 



-20 dB Input (Referred to -20 dB Input) 

58 

59 


El 

61 



-60 dB Input (Referred to -60 dB Input) 

18 

19 


20 

21 



TOTAL HARMONIC DISTORTION (THD) 








@ +25°C 



-84 


-90 

-84 

dB 






0.003 

0.006 

% 

T mi „ to T max 


-88 

-82 


-88 

-82 

dB 






0.004 

0.008 

% 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 


-90 

-84 


-90 

-84 

dB 

FULL POWER BANDWIDTH 

1 

1 

MHz 

FULL LINEAR BANDWIDTH 

5°o 


kHz 

INTERMODULATION DISTORTION (IMD) 2 

If1t 

fl jpjj^ 






2nd Order Products 

i 

Zm': 

-84^ 


-90 

-84 

dB 

3rd Order Products 

k 

%&90 

“84 


-90 

-84 

dB 


NOTES ^ ^ ^ ^ #% W% % , 

‘f»N amplitude = -0.5 dB (9.44 V p-p) bijtolaf mpde full scale unless otherwise indicated. All measurements referred to a -0 dB(9.997 V p-p) input signal 
unless otherwise noted. ^ §| 'ji 'L 9 

2 f A = 9.08 kHz, f B = 9.58 kHz, with f SA MPLE ~ 100 KSP^y See Definition of Specifications section. 

Specifications subject to change without notice. 

i\ ILi# ^ T% 

% m 

DIGITAL SPECIFICATIONS (All device types T mi „ to T ma> , V cc = +12 V ±5%, V EE = -12 V ±5%, V DD = +5 V ±10%) 


Parameter 

Test Conditions 

Min 

Max 

Units 

LOGIC INPUTS 

V IH High Level Input Voltage 




V 

V IL Low Level Input Voltage 




V 

I IH High Level Input Current 

V IN = 5 V 

■ 


|xA 

I IL Low Level Input Current 

V IN = o V 



jxA 

C IN Input Capacitance 




pF 

LOGIC OUTPUTS 

V OH High Level Output Voltage 

Iqjj — 0.1 mA 

4.0 


V 


Iq j-j = 0.5 mA 

2.4 


V 

V OL Low Level Output Voltage 

I OL =1.6 mA 


0.4 

V 

I oz High Z Leakage Current 

V IN = 0 or 5 V 


10 

fxA 

C oz High Z Output Capacitance 



10 

pF 


NOTES 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD679 


DC SPECIFICATIONS otherwise indicated) 


+ 12 V ±5%, V EE 


-12 V ±5%, Vqq = +5 V ±10% unless 


Parameter 

Min 

AD679J 

Typ Max 

Min 

AD679K 

Typ Max 

Units 

TEMPERATURE RANGE 

0 


+ 70 

0 


+70 

°C 

ACCURACY 








Resolution 

14 



14 



Bits 

Integral Linearity Error @ 25°C 



±2 



±1 

LSB 

Tmin tO T m „ 



±2 



±2 

LSB 

Differential Linearity 

14 



14 



Bits 

Unipolar Zero Error 1 (@ 25°C) 



±8 



±4 

LSB 

Bipolar Zero Error 1 (@ 25°C) 



±8 



±4 

LSB 

Gain Error 1,2 (@ 25°C) 



±16 



±8 

LSB 

Temperature Drift (Coefficients) 








Unipolar Zero 3 



±8 (10) 



±6(8) 

LSB (ppm/°C) 

Bipolar Zero 3 



±8 (10) 



±6(8) 

LSB (ppm/°C) 

Gain 3 



±36 (50) 



±24 (33) 

LSB (ppm/°C) 

Gain 4 



±8(10) 



±6(8) 

LSB (ppm/°C) 

ANALOG INPUT 








Input Ranges 


A \ 

III Hi % M 


% 



Unipolar Mode 

0 


+10 

0 


+ 10 

V 

Bipolar Mode 

-5 


+5 

-5 

fb^ 1 

+ 5 

V 

Input Resistance % % * 


10 



10 


M n 

Input Capacitance r 


10 

| I % * 


10 


pF 

Input Settling Time 



i 

: -f:. 


1 

fXS 

Aperture Delay 

5 



5 


20 

ns 

Aperture Jitter 


150 



150 


ps 

INTERNAL VOLTAGE REFERENCE 


jj| . | 






Output Voltage 5 

4.95 


5.05 

4.98 


5.02 

V 

External Load 








Unipolar Mode 



+1.5 



+1.5 

mA 

Bipolar Mode 



+0.5 



+0.5 

mA 

POWER SUPPLIES (T m ,„ to T ma J 








Power Supply Rejection 








V C c = + 12 V ±5% 6 



±4 



±4 

LSB 

V EE = -12 V ±5% 



±4 



±4 

LSB 

V DD = +5 V ±10% 



±4 



±4 

LSB 

Operating Current 








lee 


18 

20 


18 

20 

mA 

Iee 


25 

32 


25 

32 

mA 

Idd 


8 

12 


8 

12 

mA 

Power Consumption 


560 

720 


560 

720 



NOTES 

‘Adjustable to zero. See Figures 5 and 6. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 Excludes internal voltage reference drift. 

5 With maximum external load applied. 

6 1.4 V headroom is required between V cc and AIN. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 


DC SPECIFICATIONS 


(T m ,„ to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V 0D 
otherwise indicated) 


+5 V ±10% unless 



AD679S 

AD679T 


Parameter 

Min Typ Max 

Min Typ Max 

Units 

TEMPERATURE RANGE 

-55 +125 

-55 +125 

°C 

ACCURACY 




Resolution 

14 

14 

Bits 

Integral Linearity Error (@ 25°C) 

±2 

±1 

LSB 

T m ,„ to T m „ 

TBD 

TBD 

LSB 

Differential Linearity (@ 25°C) 

14 

14 

Bits 

Tmin tO 

13 

14 

Bits 

Unipolar Zero Error 1 (@ 25°C) 

±8 

±4 

LSB 

Bipolar Zero Error 1 (@ 25°C) 

±8 

±4 

LSB 

Gain Error 1 ’ 2 (@ 25°C) 

±16 

±8 

LSB 

Temperature Drift (Coefficients) 




Unipolar Zero 3 

±16(10) 

±16 (10) 

LSB (ppm/°C) 

Bipolar Zero 3 

±16(10) 

^^%i(io) 

LSB (ppm/°C) 

Gain 3 

±82 (50) 

e ft ±82 (5°) 

LSB (ppm/°C) 

Gain 4 

±16 (J|));j | 

±16(10) 

LSB (ppm/°C) 

ANALOG INPUT 

m 3 ; 1 

ft H %|, ill • 

1 m ” m 


Input Ranges 

tf 1 ®^ I % 0§ H W 



Unipolar Mode 

0 +10 

o *+io 

V 

Bipolar Mode 

IrF'- ' +5 

+5 

V 

Input Resistance 

— 10 

* 10 

Mfl 

Input Capacitance * 


f% 10 

pF 

Input Settling Time 

% I** 1 £% * 


|XS 

Aperture Delay 

5 -m-, 

| " 20 

ns 

Aperture Jitter 

150 4.4? * 

150 

ps 

INTERNAL VOLTAGE REFERENCE 




Output Voltage 5 

4.95 5.05 

4.98 5.02 

V 

External Load 




Unipolar Mode 

+ 1.5 

+1.5 

mA 

Bipolar Mode 

+0.5 

+0.5 

mA 

POWER SUPPLIES (T min to T max ) 




Power Supply Rejection 




V cc = +12 V ±5% 6 

±4 

±4 

LSB 

V EE = -12 V ±5% 

±4 

±4 

LSB 

V DD = +5 V ±10% 

±4 

±4 

LSB 

Operating Current 




^cc 

18 20 

18 20 

mA 

^EE 

25 32 

25 32 

mA 

^dd 

8 12 

8 12 

mA 

Power Consumption 

560 720 

560 720 

mW 


NOTES 

Adjustable to zero. See Figures 5 and 6. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 Excludes internal voltage reference drift. 

5 With maximum external load applied. 

6 1.4 V headroom is required between V cc and AIN. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at -55°C, +25°C, and +125°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Timing - AD679 


TIMING SPECIFICATIONS 


(All device types T min to T max , V cc = +12 V ±5%, 
Vcc = -12 V ±5%, Vnn = +5 V ±10%) 


Parameter 

Symbol 

Min 

Max 

Units 

SC Delay 

tsc 

50 


ns 

Conversion Rate 1 

tcR 


10 

|AS 

Convert Pulse Width 

tcp 

150 


ns 

Aperture Delay 

T\d 

5 

20 

ns 

Conversion Time 

tc 


8.5 

|XS 

Status Delay 

*SD 

0 

400 

ns 

Access Time 2 



100 

ns 

Float Delay 3 

tFD 

10 

80 

ns 

Update Delay 

tuD 


200 

ns 

Format Setup 

tFS 

60 


ns 

OE Delay 

toE 

20 


ns 

Read Pulse Width 

tRP 

150 


ns 

Conversion Delay 

tcD 

400 


ns 

EOCEN Delay 

tEO 

20 


ns 


NOTES ,, < g% X: 

includes Acquisition Time. t; ft ** 

2 Measured from the falling edge of UE/EOCEN (0.8 V) to the time at which the data Imes/EOC cross 2.0 V or 0.8 V. 
See Figure 4; C oux = 100 pF. 

3 Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 . 

See Figure 4; C OTJT = 10 pF. 

Specifications subject to change without notice. 

^‘sch- l " ' ' j ' * 





t CD ->i k- 


SHA TRACK 


CONTENT OF 
OUTPUT 
REGISTER 


NOTES 

’IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION. SEE 
THE ST ART CONVERSION TRUTH TABLE FOR DETAILS. 

2 E0CEN = LOW. IN SYNCHRONOUS MODE, EOC IS A THREE-STATE OUTPUT. IN 
ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. SEE CONVERSION 
TRUTH TABLE. 

3 DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


NOTE 

’EOC IS A THREE-STATE OUTPUT IN SYNCHRONOUS 
MODE AND AN OPEN DRAIN OUTPUT IN ASYNCHRO- 
NOUS. ACCESS (t BA ) AND FLOAT (t FD ) TIMING SPECIFI- 
CATIONS DO NOT APPLY IN ASYNCHRONOUS MODE 
WHERE THEY ARE A FUNCTION THE TIME CONSTANT 
FORMED BY THE 10 pF OUTPUT CAPACITANCE AND 
THE PULL-UP RESISTOR. 


Figure 3. EOC Timing 


TEST 

Vcp 

Cour 

ACCESS TIME HIGH Z TO LOGIC LOW 

5 V 

100 pF 

FLOAT TIME LOGIC HIGH TO HIGH Z 

5 V 

10 pF 

ACCESS TIME HIGH Z TO LOGIC HIGH 

0 V 

100 pF 

FLOAT TIME LOGIC LOW TO HIGH Z 

0 V 

10 pF 


Figure 1. Conversion Timing 


\ ! 

-Lfc— W -1 -* H 

T ,8 H A v 



Figure 2. Output Timing 


Figure 4. Load Circuit for Bus Timing Specifications 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CONVERSION CONTROL 

In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver- 
sion. CS should be LOW t sc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started 
by bringing SC low, regardless of the state of CS. 

Before a conversion is started. End Of Convert (EOC) is HIGH 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. 

In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in 1.5 |xs maximum. The acquisition time does not affect the 
throughput rate as the AD679 goes back into track mode more 
than 2 fxs before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW. 

When the conversion is finished, EOC goes HIGH and the 
result is loaded into the output register after a period of time 
t UD . Bringing OE LOW t OE after CS goes LOW makes the out- 
put register contents available on the output data bits 
(DB7-DB0). A period of time t CD is required after OE is 
brought HIGH before the next SC instruction is issued. This 
allows internal logic states to reset and guarantees minimum -0^ 
aperture jitter for the next conversion. 

If SC is held LOW, conversions will occur continuously, 
will go HIGH for approximately 1.5 ps between conversions. A 

W ggiff! I# + 

START CONVERSION TRUTH TABLE ^ 


END OF CONVERT 

In asynchronous mode. End of Convert (EOC) is an open drain 
output (requiring a mini mum 3 kH pull-up resistor) enabled by 
End of Convert ENable (EOCEN). In sync hronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
Conversion Status Truth Table. Access (t BA ) and float (t FD ) 
timing specifications do not apply in asynchronous mode where 
they are a function of the time constant formed by the external 
load capacitance and the pull-up resistor. 

OUTPUT ENABLE OPERATION 

The data bits (DB7-DB0) are three-state outputs that are 
enabled by Chip Select (CS) and Output Enable (OE). CS 
should be LOW t OE before OE is brought LOW. Output 
Enable (OE) must be toggled to update the output register. 

The output is read as a 16-bit word, with the high byte r ead 
first, followed by the low byte. High Byte Enable (HBE) con- 
trols the output sequence. The 14-bit result is left justified 
within the 16-bit field. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REFOUT), 
output coding is twos-complement binary. 

POWER-Uf^? 

A conversion sequence, consisting of one SC instruction, is 
required after pqwer-up to reset internal logic. 

CONVERSION STATUS TRUTH TABLE 



| INPUTS 




SYNC 

CS 

sc 

STATUS 


1 

1 

X 

No Conversion 

Synchronous 

Mode 

1 

0 


Start Conversion 

1 

\ 

0 

Start Conversion 
(Not Recommended) 


1 

0 

0 

Continuous Conversion 


0 

X 

1 

No Conversion 

Asynchronous 

Mode 

. 

0 

X 

\ 

Start Conversion 

0 

X 

0 

Continuous Conversion 


— 


Synchronous 

Mode 


Asynchronous 

Mode* 


INPUTS 

OUTPUT 


SYNC CS 

EOCEN 

EOC 

STATUS 

1 

0 

0 

0 

Converting 

1 

0 

0 

1 

Not Converting 

1 

1 

X 

High Z 

Either 

1 

X 

1 

High Z 

Either 

0 

X 

0 

0 

Converting 

0 

X 

0 

High Z 

Not Converting 

0 

X 

1 

High Z 

Either 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

*^r_ = HIGH to LOW transition. Must stay low for t = tc P . 

14-BIT MODE CODING FORMAT (1 LSB = 0.61 mV) 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

*EOC requires a pull-up resistor in asynchronous mode. 

OUTPUT ENABLE TRUTH TABLE 


Unipolar Coding 
(Straight Binary) 

Bipolar Coding 
(Twos Complement) 

V, N 

Output Code 

v IN 

Output Code 

0 

000 ... 0 

-5.00000 V 

100 ... 0 

5.00000 V 

100 ... 0 

-0.00061 V 

111 ... 1 

9.99939 V 

111 ... 1 

0 

000 ... 0 



+2.50000 V 

010 ... 0 



+4.99939 V 

Oil ... 1 



INPUTS 

OUTPUTS 

HBE 

(CS U OE) 



DB7 . 

. . DB0 




X 

1 

- 

*- 

— 

- High Z 

— 


Unipolar or 

0 


a 

b 

c 

d 

e 

f 

g 

h 

Bipolar 

1 

\ 


i 

k 

1 

m 

n 

0 

0 


NOTES 

1 = HIGH voltage level. a = MSB. 

0 = LOW voltage level. n = LSB. 

X = Don’t care. = HIGH to LOW transition. Must 

U = Logical OR. stay low for t = t RP . 

Data coding is binary for Unipolar Mode and 2s complement binary for 
Bipolar Mode. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


3-116 ANALOG-TO-DIGITAL CONVERTERS 




AD679 


ABSOLUTE MAXIMUM RATINGS* 


BIN CONFIGURATION 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

V C c 

AGND 

-0.3 

+ 18 

V 

V E e 

AGND 

-18 

+0.3 

V 

Vcc 

v EE 

-0.3 

+26.4 

V 

v DD 

DGND 

0 

+7 

V 

AGND 

DGND 

-1 

+ 1 

V 

AIN, REF in 

AGND 

-12 

+ 12 

V 

REF in 

v EE 

0 

V cc 

V 

REF in 

Vcc 

V E E 

0 

V 

Digital Inputs 

DGND 

0.5 

+7 

V 

Digital Outputs 

DGND 

0.5 

V DD +0.3 

V 

Max Junction 





Temperature 



175 

°c 

Operating Temperature 





J and K Grades 


0 

+70 

°c 

S and T Grades 


-55 

+ 125 

°c 

Storage Temperature 


-65 

+ 150 

°<ll 1 

Lead Temperature 





(10 sec max) 



+ 300 

°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


[I 

W 

• 

28 

E 


27 

E 


26 

E 


25 

E 


24 

E 


23 

E 

AD679 

TOP VIEW 

22 

E 

(Not to Scale) 

21 

E 


20 

E 


19 

El 


18 

E 


17 

DI 


16 

El 


15 


AD679 ORDERING GUIDE 1 
Temperature Range and Package Options 2 


Plastic DIP 
(N-28A) 

0 to +70X 

Ceramic DIP 
(D-28A) 

0 to+70°C 

Ceramic DIP 
(D-28A) 

-55°C to +125°C 

Integral Nonlinearity 

S/N+D 3 

AD679JN 

AD679JD 

AD679SD 

±2 LSB 

79 dB 

AD679KN 

AD679KD 

AD679TD 

±1 LSB 

81 dB 


NOTES 

Tor single cycle read (14 bits) interface to 16-bit buses, see AD779. 
2 See Section 14 for package outline information. 

3 Typical at 10kHz, -0.5dB input. 


ESD SENSITIVITY 

The AD679 features input protection circuitry consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD679 
has been classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 


WARNING! 


ESD SENSITIVE DEVICE 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD679 PIN DESCRIPTION 


Symbol 

Pin No. 

Type 

AGND 

7 

P 

AIN 

6 

Al 

BIPOFF 

10 

Al 


CS 

4 

Dl 

DGND 

12, 14 

P 

DB7-DB0 

26-19 

DO 

EOC 

27 

DO 

EOCEN 

1 

DI 

HBE 

15 

DI 

OE 

2 

DI 

REF in 

9 

AI 

REFqut 

8 

AO 

SC 

3 

DI 

SYNC 

13 

DI 

V cc 

11 

P 

v EE 

5 

P 

Vdd 

28 

P 

— 

16-18 

U 


Name and Function 


Analog Ground. This is the ground return for AIN only. 

Analog Signal Input. 

Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight binary output 
coding. Connect to REF oux for ±5 V input bipolar mode and twos complement binary output 
coding. 

Chip Select. Active LOW. 

Digital Ground 


Data Bits. These pins provide all 14 bits in two bytes (8+6 bits). Active HIGH. 


End of Convert. EOC goes LOW when a conversion starts and goes HIGH when the conver- 
sion is finished. In asynch ronous m ode, EOC is an open drain output and requires an external 
3 kH pull-up resistor. See EOCEN and SYNC pins for information on EOC gating. 

End of Convert Enable. Enables EOC pin. Active LOW. 


High Byte Enable. If LOW, output contains high byte. If HIGH, output contains low byte 
(corresponding to the most recently read high byte). 


Output Enable. A down-going transition on OE enables DB7-DB0. Gated with CS. Active 
LOW. 


Reference Input. +5 V input gi' 

+ 5 V Reference Output. Ti$d t< 
Start Convert. Active LOW. See S 

SYNC Control. If tied to V DD (syi 
to DGND (asynchronous mode), S' 
drain output. EOC requires an ekel 

+ 12 V Analog FVM& 

-12 V Analog Power. 

+5 V Digital Power. 



V 

‘ range. v - 
[jiyofiofmal operation. 

Jbhd EOCEN are gated by CS. If tied 
are independent of CS, and EOC is an open 
up resistor in asynchronous mode. 


These pins are unused and should be connected to DGND or V DD . 


Type: AI = Analog Input. 

AO = Analog Output. 

DI = Digital Input (TTL and 5 V CMOS compatible). 

DO = Digital Output (TTL and 5 V CMOS compatible). All DO pins are three-state drivers. 
P = Power. 

U = Unused. 


Definition of Specifications 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 


TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Definition of Specifications - AD679 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, 1, 2, 3 . . . Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb) and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa - 
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a 0-dB input signal. 


This specification is 14 bits for the AD679J, K and T grades, 
which guarantees that all 16,384 codes are present. The AD679S 
grade specifies 13 bits NMC, which means that missing codes 
do not occur adjacent to each other. 


INTEGRAL LINEARITY ERROR (INL) 

The ideal transfer function for a linear ADC is a straight line 
drawn between “zero” and “full scale.” The point used as 
“zero” occurs 1/2 LSB before the first code transition. “Full 
scale” is defined as a level 1 1/2 LSB beyond the last code tran- 
sition. Integral linearity error is the worst case deviation of a 
code from the straight line. The deviation of each code is mea- 
sured from the middle of that code. 

Note that the linearity error is not user adjustable. 



BANDWIDTH 

The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 

At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB* Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 

The AD679 has been designed to optimize input bandwidth, 
allowing it to undersample input signals with frequencies signifi- 
cantly above the converter’s Nyquist frequency. If the input sig- 
nal is suitably band-limited, the spectral content of the input 
signal can be recovered. % ' 1 

APERTURE DELAY 

Aperture delay is a measure of the SHA’s performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 

APERTURE JITTER 

Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 


POWER SUPPLY REJECTION 

Variations in power supply will affect the full scale calibration. 
This will result in a linear change in all lower order codes. The 
specifications show the maximum change in the full scale transi- 
*ti% I^ioL^elo a change in power supply voltage from the 
nominal value. 

COEFFICIENT 

This is the maximum change in the parameter from the initial 
v$lue (@+25°C) to the value at T min or T max . 

UNIPOLAR ZERO ERROR 

, In unipolar mode, the first transition should occur at a level 
td/2rLSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 


BIPOLAR ZERO ERROR 

In the bipolar mode, the major carry transition (11 1111 1111 
1111 to 00 0000 0000 0000 ) should occur at an analog value 1/2 
LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 

GAIN ERROR 


INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 


The last transition should occur at an analog value 1 1/2 LSB 
below the nominal full scale (9.9991 volts for a 0-10 V range, 
4.9991 volts for a ±5 V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 


DIFFERENTIAL LINEARITY (DNL) 

In an ideal ADC, code transitions are 1 LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci- 
fied in terms of resolution for which no missing codes (NMC) 
are guaranteed. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Application Information - AD679 


INPUT CONNECTIONS AND CALIBRATION 


UNIPOLAR RANGE INPUTS 


The high (10 MO) input impedance of the AD679 eases the task 
of interfacing to high source impedances or multiplexer channel- 
to-channel mismatches of up to 300 Cl. The 10 V p-p full scale 
input range accepts the majority of signal voltages without the 
need for voltage divider networks which could deteriorate the 
accuracy of the ADC. 

The AD679 is factory trimmed to minimize offset, gain and lin- 
earity errors. In unipolar mode, the only external component 
that is required is a 50 fl ±1% resistor. Two resistors are 
required in bipolar mode. If offset and gain are not critical, 
even these components can be eliminated. 

In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 

BIPOLAR RANGE INPUTS 


Offset and gain errors can be trimmed out by using the configu- 
ration shown in Figure 6. This circuit allows approximately 
±25 mV of offset trim range (±40 LSB) and ±0.5% of gain 
trim range (±80 LSB). 

The nominal offset is 1/2 LSB so that the analog range that cor- 
responds to each code will be centered in the middle of that 
code (halfway between the transitions to the codes above and 
below it). Thus the first transition (from 00 0000 0000 0000 to 
00 0000 0000 0001) should nominally occur for an input level of 
+ 1/2 LSB (0.305 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 0.305 mV signal to 
AIN and adjust R1 until the first transition is located. 

The gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal 1 1/2 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 

(ii mi mi mo to n mi nil mi). 


The connections for the bipolar mode are shown in Figure 5. In If offset adjustment is not require d, BIPOFF should be con- 

this mode, data output coding will be twos complement binary. nected directly t0 AGND. If gain adjustment is not required. 

This circuit will allow approximately ±25 mV of offset trim R2 should m replaced with a flxed 50 n ±1% metal film resis- 

range (±40 LSB) and ±0.5% of gam trim range (±80 LSB). K jreEoot is connected directly to REF IN , the additional 

Either or both of the trim pots can be replaced with JO CVSt | % gain error will be approximately 1%. 
fixed resistors if the AD679 accuracy limits are sufficient for 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 80 LSB! v | 


To trim bipolar zero to its nominal value, apply a signal 1/2 
LSB below midrange (-0.305 mV for a ±5 V range) and adjiift 
R1 until the major carry transition is located (11 1111 111 1 1JL11 
to 00 0000 0000 0000). To trim the gain, apply a signal 1 1/2 
LSB below full scale (+4.9997 V for a ±5 V range) and adjust 
R2 to give the last positive transition (01 1111 1111 1110 to 01 
1111 1111 1111). These trims are interactive so several iterations 
may be necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9997 V for a ±5 V range) 
and adjust R1 until the minus full scale transition is located 
(10 0000 0000 0000 to 10 000 000 0001). Then perform the gain 
error trim as outlined above. 


REFERENCE DECOUPLING 
It is recommended that a 10 [iF tantalum capacitor be 
connected between REF IN (Pin 9) and ground. This has the 
effecjy?f improving the S/N+D ratio through filtering possible 
1-band noise contributions from the voltage reference. 


IIP!!:: 

8J| 


I! 




Figure 5. Bipolar Input Connections with Gain and 
Offset Trims 


Figure 6. Unipolar Input Connections with Gain and 
Offset Trims 


BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
1.22 mA current through a 0.5 Cl trace will develop a voltage 
drop of 0.6 mV, which is 1 LSB at the 14 bit level for a 10 V 
full scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 
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Application Information - AD679 


Analog and digital signals should not share a common path. 

Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD679 incorporates several features to help the user’s lay- 
out. Analog pins (V EE , AIN, AGND, REF OUT , REF IN , 


AD679 TO TMS320C25 

In Figure 7 the AD679 is mapped into the TMS320C25 I/O 
space. AD679 conversions are initiated by issuing an OUT 
instruction to Port 1. EOC status and the conversion result are 
read in with an IN instruction to Port 1. A single wait state is 
inserted by gene rating the processor READ Y inp ut from IS, 
Port 1 and MSC. Address line AO provides HBE decoding to 
select between the high and low bytes of data. This configura- 
tion supports processor clock speeds of 20 MHz and is capable 
of supporting processor clock speeds of 40 MHz if a NOP 
instruction follows each AD679 read instruction. 


BIPOFF, V cc ) are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mfl input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecture. Current 
through AGND is 200 jjlA, with no code dependent variation. 
The current through DGND is dominated by the return current 
for DB7-DB0 and EOC. 

SUPPLY DECOUPLING m 

The AD679 power supplies should be well filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and analog ground. A 
10 jxF tantalum capacitor in parallel with a 0.1 |xF ceramic 
capacitor provides adequate decoupling. 


R/W 

R/W js^ R/W 


A3 


C 


A1 

STRB 


A 74F138 






+ 5 V — 

G1 V 0 

TMS320C25 




Figure 7. AD679 to TMS320C25 Interface 



An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD679, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD679 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 

GROUNDING 

If a single AD679 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD679. If multiple AD679s are used or the AD679 shares ana- 
log supplies with other components, connect the analog and dig- 
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 

INTERFACING THE AD679 TO MICROPROCESSORS 

The I/O capabilities of the AD679 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 

The following examples illustrate typical AD679 interface 
configurations. 


AD679 TO 80186 

Figure 8 shows the AD679 interfaced to the 80186 microproces- 
sor. This interface allows the 80186’s built-in DMA controller to 
transfer the AD679 output into a RAM based FIFO buffer of 
any length, with no microprocessor intervention. 

In this application the AD679 is configured in the asynchronous 
mode, which allows conversions to be initiated by an external 
trigger source independent of the microprocessor clock. After 
each conversion, the AD679 EOC signal generates a DMA 



Figure 8. AD679 to 80186 DMA Interface 
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request to Channel 1 (DRQ1). The subsequent DMA READ 
sequences the high and low byte AD679 data and resets the 
interrupt latch. The system designer must assign a sufficient 
priority to the DMA channel to ensure that the DMA request 
will be serviced before the completion of the next conversion. 
This configuration can be used with 6 MHz and 8 MHz 80186 
processors. 

AD679 TO Z80 

The AD679 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. Figure 9 illustrates an I/O con- 
figuration, where the AD679 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 
The lower address bit, AO, is used to select the high and low 
order bytes of the result. 

A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during I/O operations, allowing the AD679 to be 
used with Z80 processors having clock speeds up to 8 MHz. 



AD679 TO ANALOG DEVICES’ ADSP-2100A 

Figure 10 demonstrates the AD679 interfaced to an ADSP- 
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD679 data memory interface with a two hardware 
wait states. 

The converter is configured to run asynchronously using a sam- 
pling clock. The EOC output of the AD679 is asserted at the 
end of each conversio n and c reates a high priority interrupt to 
the processor through IRQ3. Upon interrupt, the ADSP-2100A 
immed iately executes a data memory write instruction which 
asserts HBE. In the following cycle, the processor starts a data 
memory read (high byte read) by providing an address on the 
DMA bus. The decoded address generates OE for the converter. 
OE, together with logic and latches, is used to force the ADSP- 
2100A into a two-cycle wait state by generating DMACK. The 
read operation is thus started and completed within three pro- 
cessor cycles (240 ns). HBE is released during “high byte read.” 
This allows the processor to read the lower byte of data as soon 
as “high byte read” is complete. Low byte read is executed in a 
similar manner and is completed during the next 240 ns.. 



Figure 10. AD679 to ADSP-2100A Interface 
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ANALOG 

DEVICES 


200 MSPS Wideband 
8-Bit A/D Converter 


AD770 


FEATURES 

250MHz Full Power Bandwidth 
200 MSPS Guaranteed Conversion Rate 
19pF typ Input Capacitance 
Unipolar and Bipolar Input Range 
+ 5V/-5.2V Power Supplies 
Overflow and Underflow Signals 


PRODUCT DESCRIPTION 

The AD770 is an 8-bit analog-to-digital converter that is designed 
for high-speed digitization of wide-bandwidth signals. It uses an 
advanced VLSI bipolar process and a proprietary design to 
achieve a combination of sampling rate and signal bandwidth 
previously unavailable in flash ADCs. 

The AD770 incorporates 257 high speed comparators that 
are optimized for low input capacitance and wide bandwidth, 
unaffected by temperature or signal amplitude. The multistage 
comparator design reduces the probability of errors due to meta- 
stable states or insufficient gain. 

The decoding logic further reduces errors by using a two-stage 
error-correcting architecture to virtually eliminate “sparkle 
codes.” Inputs and outputs are ECL compatible. Output format 
controls allow stacking of two devices for 9-bit resolution. Overflow 
and underflow output signals are provided. 

The AD770 can operate with unipolar and bipolar signal ranges 
up to 4V p-p. End-point reference Force and Sense connections 
are provided to preserve high accuracy and minimize temperature 
drift. Midpoint and quarter-point reference taps are also provided 
to allow linearity or transfer function corrections. 

The AD770 is available in three grades. The JD and KD grades 
are specified for operation over the 0 to + 70°C temperature 
range, while the SD grade is specified for the - 55°C to + 125°C 
temperature range. All grades are packaged in a 40-pin ceramic 
DIP. .Other package options are available on request; please 
contact the factory. 

PRODUCT HIGHLIGHTS 

1. Performance: The AD770 is specified for operation at 200 
MSPS. Full power bandwidth is 250MHz; small signal 
bandwidth is 400MHz. 

2. Ease of Use: The AD770 input has a typical capacitance of 
19pF, simplifying input buffering requirements. Bipolar and 
unipolar input signals can be converted without offsetting. 
Differential or single-ended clock inputs can be accommodated 
by pin-strapping. 


AD770 FUNCTIONAL BLOCK DIAGRAM 



3. Features: Taps are provided at mid- and quarter-scale points 
of the reference ladder to permit linearity trimming or 
piece wise-linear transfer function modification. Overflow and 
underflow signals are also provided. These can be wire-or’d 
to provide an indication that the input signal has exceeded 
the range of the converter. 


ANALOG-TO-DIGITAL CONVERTERS 3-123 



DC SPEC I FI C ATI 0 NS (typical at + 25°C, V M = 5.0V, V ffi = - 5.2V, V^ns = + 1.0V, Vrefbs = - 1.0V, unless otherwise specified) 


Parameter 

Conditions 

Min 

AD770J/S 

Typ 

Max 

Min 

AD770K 

Typ 

Max 

Units 

TEMPERATURE RANGE 

AD770J, AD770K 

0 


+ 70 

0 


+ 70 



AD770S 

-55 


+ 125 





RESOLUTION 


8 

8 

Bits 

DC ACCURACY 









Linearity Error 

+ 25°C 

-1 


+ 1 



+ 0.75 

LSB 


Tnun-T ma x 

-1.25 


+ 1.25 

-i 


+ 1 

LSB 

Differential Linearity 

+ 25°C 






+ 0.75 

LSB 


Tnun-Tnmx 

-1.25 


+ 1.25 



+ 0.9 

LSB 

Absolute Accuracy 

+ 25°C 

-1.75 


+ 1.75 

-1 


+ 1 

LSB 


T -T 

1 min 1 max 

-2 


+ 2 

-1.25 


+ 1.25 

LSB 

REFERENCE LADDER 









Ladder Resistance 


160 

200 

260 

160 

200 

260 

n 

Ladder TC 



0.34 



0.34 


%/°c 

Top Force-Sense Offset 

T -T 

x min x max 


3 

5 


3 

5 

LSB 

Bottom Force-Sense Offset 

T -T 

* min x max 


3 

5 


3 

5 

LSB 

ANALOG INPUT 







■■ 


Input Current 

Vin= -lVto + 1V 



300 




|JlA 


T -T 

x nun x max 



500 



EH 

|xA 

Input Capacitance 


17 

19 

22 

17 

19 

m i 

pF 

DIGITAL INPUTS 

T -T 

x min x max 








Logic HIGH (V m ) 


-1.0 


-0.7 

-1.0 


-0.7 

V 

Logic LOW (V IL ) 


-1.9 


-1.6 

-1.9 


-1.6 

V 

Logic HIGH Current (Ijh) 




200 



200 

jxA 

Logic LOW Current (I IL ) 




200 



200 

jxA 

Input Capacitance 



3 



3 


pF 

DIGITAL OUTPUTS 









Logic HIGH (V OH ) 

lOOG Load to — 2V 

-1.0 


-0.7 

-1.0 


-0.7 

V 

Logic LOW (V OL ) 

lOOfl Load to - 2V 

-1.9 


-1.6 

-1.9 


-1.6 

V 

Vbb 



-1.2 



-1.2 


V 

POWER SUPPLIES 









Vcc 

! 

4.75 

5.0 

5.25 

4.75 

5.0 

5.25 

V 

Vee 


-5.46 

-5.2 

-4.9 

-5.46 

-5.2 

-4.9 

V 

Ice (Analog) 

! 


210 

269 


210 

269 

mA 

Icc (Digital) 



62 

78 


62 

78 

mA 

I EE (Analog) 



54 

69 


54 

69 

mA 

I EE (Digital) 

i 


69 

88 


69 

88 

mA 

Power Consumption 



2000 

2550 


2000 

2550 

mW 


Specifications subject to change without notice. 
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AD770 


AC SPECIFICATIONS 


(typical + 25°C, V cc = 5.0V, Vee = - 5.2V, unless otherwise noted) 


Parameter 

Conditions 

Min 

AD770J/S 

Typ Max 

Min 

AD770K 

Typ Max 

Units 

TIMING 

T -T 

1 min A max? 

IOOjQ Load to 






Max Conversion Rate 

— 2V 


200 


200 


MSPS 

Aperture Delay 




340 


340 

ps 

Aperture Jitter 




3 


3 

ps rms 

Pipeline Delay 



1.5 

1.5 

1.5 

1.5 

Clock Cycles 

Output Delay 



2 

6 

2 

6 

ns 

Output Rise 




1 


1 

ns 

Output Fall 




1 


1 

ns 

Output Skew 




1.4 2.35 


1.4 2.35 

ns 

DYNAMIC PERFORMANCE 

Fin 

Full Scale 






(@200MSPS) 

(MHz) 

Ain (Volts) 






Full-Power Bandwidth 


±1 


250 


250 

MHz 

Small-Signal Bandwidth 


±1 


400 


400 

MHz 

Harmonic Distortion 1 

1 

±1 


50 


53 

dB 


10 

±1 


43.5 


45.5 

dB 


50 

±1 


35.5 


36 

dB 


100 

±1 


25.5 


26 

dB 


1 

±0.5 


49 


52 

dB 


10 

±0.5 


42 


43.5 

dB 


50 

±0.5 


38 


39 

dB 


100 

±0.5 


31.5 


32 

dB 

Signal-to-Noise Ratio 1 

1 

±1 


44.0(7.0) 


44.5(7.1) 

dB(ENOB) 


10 

±1 


41.5(6.6) 


42.0(6.7) 

dB(ENOB) 


50 

±1 


34.0(5.4) 


34.5(5.4) 

dB(ENOB) 


100 

±1 


25.0(3.9) 


25.5(3.9) 

dB(ENOB) 


1 

±0.5 


40.5(6.4) 


41.0(6.5) 

dB(ENOB) 


10 

±0.5 


39.0(6.2) 


39.5(6.3) 

dB(ENOB) 


50 

±0.5 


35.5(5.6) 


35.5(5.6) 

dB(ENOB) 


100 

±0.5 


30.0(4.7) 


31.0(4.9) 

dB(ENOB) 


NOTES 

1 Signal-to-Noise Ratio includes harmonics in the noise factor. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 


N + 2 



Figure 1. AD770 Timing Diagram 
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AD770 PIN DESCRIPTION 


AD770 


AV CC 

AV CC 

ORZ 

REFTF 

REFTS 

REFTQ 

av ee 

REFMID 

AGND 

AIN 

AIN 

AGND 

AV ee 

REFBQ 

AV CC 

REFBS 




o 

M 

m 

ra 

m 

m 

g 

Kn 


AD770 
TOP VIEW 
(Not to Scale) 


REFBF Q7 
V B b QT 
CLKBAR QsT 
CLK Qo 


m 

g 

m 

ED 

g 

g 

g 

pi 

pi 

g 

ej 

g 

g 

g 

H 

g 

g 

H 

m 

ED 


NC = NO CONNECT 


NC 

DV CC 

DV CC 

DGND 

DGND 

OVR 

D7 

D6 

D5 

D4 

OGND 

D3 

D2 

D1 

DO 

UNR 

dv ee 

DV ee 

NC 

NC 


AD770 Pinout (40-Pin DIP) 


SYMBOL 

PIN NO. 

TYPE 

NAME AND FUNCTION 

AGND 

9,12 

P 

Analog Ground 

AIN 

10,11 

Al 

Analog Input 

AV CC 

1,2,15 

P 

+ 5V Analog Power 

av ee 

7,13 

P 

- 5.2V Analog Power 

CLK 

20 

Dl 

Clock Input 

CLKBAR 

19 

Dl 

Complementary Clock Input 

DGND 

36.37 

P 

Digital Ground 

DVcc 

38.39 

P 

+ 5V Digital Power 

dv ee 

23,24 

P 

- 5.2V Digital Power 

DO 

26 

DO 

Data Bit Output (LSB) 

Dl 

27 

DO 

Data Bit Output 

D2 

28 

DO 

Data Bit Output 

D3 

29 

DO 

Data Bit Output 

D4 

31 

DO 

Data Bit Output 

D5 

32 

DO 

Data Bit Output 

D6 

33 

DO 

Data Bit Output 

D7 

34 

DO 

Data Bit Output (MSB) 

OGND 

30 

P 

Digital Output Ground (collectors of 
output transistors. ) 

ORZ 

3 

Dl 

Overrange Zero. Sets the Polarity of 
the Data Bits for Overrange 

Condition. If ORZ = HIGH, DO-D7 
are LOW for Overrange Conditions. 

OVR 

35 

DO 

Overrange Output. Indicates that 

AIN> (REFTS- 0.5LSB). 

REFBF 

17 

Al 

Negative Reference Force 

REFBQ 

14 

Al 

Negative Reference Quarter Point 

REFBS 

16 

AO 

Negative Reference Sense 

REFMID 

8 

Al 

Reference Midpoint 

REFTF 

4 

Al 

Positive Reference Force 

REFTQ 

6 

Al 

Positive Reference Quarter Point 

REFTS 

5 

AO 

Positive Reference Sense 

UNR 

25 

DO 

Underrange Output. UNR = HIGH 
when AIN<(REFBS - 0.5LSB). 

Vbb 

18 

DO 

ECL Threshold Output for Clocks 


TYPE: Al 

AO 
Dl 
DO 
P 


Analog input 
Analog Output 
Digital Input 
Digital Output 
Power 
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EVALUATION BOARD 

The ADEB770 Evaluation Board allows the designer to easily 
evaluate the performance of the AD770. The ADEB770 includes 
a pin-socketed AD770, an input signal buffer and an adjustable 
reference generator. The input buffer can be bypassed for 
maximum versatility. 


On the output side, latched and buffered digital data is available 
at the output connector along with an output clock. Decimation 
hardware allows output data to be undersampled by factors of 
16 through 2, allowing the user to interface the board to commonly 
available logic analyzers. 

A reconstructed analog output is also provided by an on-board 
D/A converter. 


ABSOLUTE MAXIMUM RATINGS* 


Specification 

With Respect to 

Min 

Max 

Units 

AVcc 

AGND 

-0.3 

5.5 

V 

DV CC 

DGND 

-0.3 

5.5 

V 

AVee 

AGND 

-5.72 

0.3 

V 

DV ee 

DGND 

-5.72 

0.3 

V 

AVcc 

DV CC 

-0.5 

0.5 

V 

av ee 

dv ee 

-0.5 

0.5 

V 

AIN 

AGND 

-3 

+ 2.25 

V 

AIN 

REFTF, REFBF 

-4.3 

4.3 

V 

CLK, CLKBAR, ORZ 

AGND 

-4.0 

0 

V 

REFTF, REFBF 

AGND 

-3 

+ 2.25 

V 

AGND 

DGND 

-0.5 

0.5 

V 

CLK 

CLKBAR 

-4.5 

4.5 

V 

Iain 



110 

mA 

Ireftf> Irefbf 



30 

mA 

Irefts> Irefbs 



3 

mA 

IrEFMIDj IrEFTQj Irefbq 



30 

mA 

Ibb 



4 

mA 

Iclk5 Iclkbar* Iorz 1 



1 

mA 

IdO-D75 IoVRj luNR 



40 

mA 

Junction Temperature 



175 

°C 

Power Dissipation ( + 25°C) 



3 

W 

Storage Temperature 


-65 

+ 150 

°C 

Thermal Resistance 





© JA (Still Air) (typ) 



36 

°c/w 

©jc(typ) 



10 

°c/w 


* Stresses above those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ORDERING GUIDE 


Model 

Package 

Temperature 
Range °C 

Linearity 
Error Max 
@ +25°C 

Package 

Options* 

AD770JD 

40-Pin Ceramic DIP 

0 to + 70 

±1 

D-40 

AD770KD 

40-Pin Ceramic DIP 

0 to + 70 

±3/4 

D-40 

AD770SD 

40-Pin Ceramic DIP 

-55 to +125 

±1 

D-40 

ADEB770-1 

Evaluation Board for AD770 


±1 

- 

ADEB770-2 

Evaluation Board for AD770 


±3/4 

- 


*See Section 14 for package outline information. 
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Transfer Characteristics - AD77Q 


DEFINITION OF SPECIFICATIONS 
Linearity Error 

Linearity Error is the deviation of the transfer function from a 
reference line. For the AD770, the linearity error is measured 
from the center of each code to the best-fit straight line. 

Differential Linearity 

In an ideal ADC, the code transitions are exactly 1LSB apart. 
The Differential Linearity is the deviation of the transition 
spacing from the ideal value. A Differential Linearity spec of 
less than 1LSB signifies that there are no missing output codes 
over the entire input range. 

Absolute Accuracy 

The Absolute Accuracy is the deviation of the center-point of 
each code from a straight line drawn between the reference 
sense points (REFTS, REFBS). 

Force-Sense Offset 

The Force-Sense Offset is the difference between the force and 
sense pin voltages divided by the input range. This offset will 
cause a corresponding offset error if the full-scale range is defined 
w.r.t. the reference force lines rather than with respect to the 
reference sense lines. 

Aperture Delay 

The delay between the falling edge of CLK and the time at 
which AIN is sampled. 

Aperture Jitter 

The sample-to-sample variation in aperture delay. 

Pipeline Delay 

The delay from the falling edge of CLK that samples the input 
to the rising edge of CLK that outputs the corresponding digital 
code. 

Output Delay 

The delay between the rising edge of CLK and the time when 
the output bits reach the logic threshold value for bits DO to D7 
and OVR. 

Output Skew 

The bit-to-bit variation in output delay for bits DO to D7 and 
OVR. 

Full-Power Bandwidth 

The input frequency at which the amplitude of the reconstructed 
output signal is reduced by 3dB for a full-scale input. 

Total Harmonic Distortion (THD) 

The rms sum of the first six harmonic components divided by 
the output signal amplitude. For frequencies above the Nyquist 
frequency, the aliased components are used. 

Signal-to-Noise Ratio (SNR) 

The ratio of the signal amplitude to the rms sum of all other 
spectral components, including harmonics but excluding dc. 

SNR is expressed in dB and in Effective Number Of Bits (ENOB). 
These two notations are related by the following formula for 
full-scale inputs: 

ENOB = (SNR - 1.8)/6.02 


(For REFTS = + 1.000V, REFBS = -1.000V) 


Input | 

1 Output 

Ain > 

Ai N < 

ORZ 

D7 DO 

UNR 

OVR 

0.996V 


0 

11111111 

0 

1 

0.996V 


1 

00000000 

0 

1 

0.988V 

0.996V 

X 

11111111 

0 

0 

0.980V 

0.988V 

X 

11111110 

0 

0 

0.973V 

0.980V 

X 

11111101 

0 

0 

-0.004V 

0.004V 

X 

10000000 

0 

0 

-0.998V 

0.980V 

X 

00000010 

0 

0 

-0.996V 

0.998V 

X 

00000001 

0 

0 

-1.004 

-0.996V 

X 

00000000 

0 

0 


-1.004V 

X 

00000000 

1 

0 


X = Don’t care 


Table I. AD770 Truth Table 



ANALOG INPUT VOLTAGE 


Figure 2. AD770 Transfer Function 



OUTPUT CODE 


Figure 3. Typical Absolute Accuracy vs. Output Code for 
Various Range Offsets 
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AD770 



1 10 100 1000 


INPUT FREQUENCY - MHz 

Figure 10. Harmonic Distortion vs. Input Frequency @ 
200MSPS: Full Power 



1 10 100 1000 


INPUT FREQUENCY - MHz 

Figure 1 1. Harmonic Distortion vs. Input Frequency @ 
200 MSPS: Small Signal 




0 10 20 30 40 50 60 70 80 90 100 

FREQUENCY - MHz 


Figure 13. 1024pt FFT of AD770 Output @ 200 MSPS. 
F, n = 5MHz at ± IV Full Scale 



INPUT FREQUENCY - MHz FREQUENCY - MHz 

Figure 14. SNR vs. Input Frequency at ± IV F.S. Input Figure 15. 1024pt FFT of AD770 Output (cv 200 MSPS. 

F, N =95MHzat ± IV F.S. 
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GROUNDING AND DECOUPLING 

The user is advised to provide separate, low impedance analog 
and digital ground planes and tie them together at one place on 
the board, preferably at, or as near to, the ADC as possible. 

The dominant consideration in the selection of bypass capacitors 
for the AD770 is minimization of series resistance and inductance. 
Ceramic and film-type capacitors generally feature lower series 
inductance than tantalum or electrolytic types. The capacitors 
should be installed on the board with the shortest possible lead 
lengths. Chip capacitors are optimal in this respect. As shown in 
Figure 18, the analog ground plane provides bypassing for the 
analog power supplies (AV CC , AV EE ) as well as for the reference 
top, bottom, mid and quarter voltages. The digital ground plane 
should be used to bypass the digital supplies (DV C c> DV EE ). 

To prevent output ringing, a ferrite bead in series with DGND 
Pins 36 and 37 is recommended. Output lines should be single 
fanout, properly terminated 10011 striplines for best results. 

DRIVING THE AD770 

The AD770 can be driven directly from most signal sources. 

The termination of the signal source, however, will affect the 
input bandwidth. Two possibilities are shown in Figure 16. 




Figure 16b. 500 Termination (~6dB) Employing 250 
Series and 250 Shunt Resistors 


Both terminations result in 5011 to ground; however the network 
of Figure 16b provides a lower impedance to the AD770 over 
frequency as well as a higher - 3dB point at the device. The 
trade-off is that Figure 16b attenuates the signal source by a 
factor of two ( - 6dB). These effects may be illustrated by modeling 
the input to the AD770 as a 19pF capacitor and analyzing the 
two termination networks as shown in Figure 17. 

The - 6dB network requires an input signal with twice the 
amplitude of the simple 5011 shunt termination, but the benefits 
can be easily justified. The termination impedance reaches a 
high frequency value of 2511, versus 1411 for the standard termi- 
nation network. Another advantage is that the half-power 
bandwidth is more than twice that of the standard 5011 shunt 
network. 


son 2on 



1. IMPEDANCE SEEN BY AD770: 

Z s = 2011 + (50||50) = 4511 

2. -3dB POINT AT AD770. 
f 0 = (2Tr45H-19pF)- 1 

f Q = 186MHz 

Figure 17a. Network for 500 Shunt Termination 


5011 2511 



1. IMPEDANCE SEEN BY AD770: 

Z s = 25H||25H + 500) = 1911 

2. -3dB POINT AT AD770: 
f o = (2 -itI 911*1 9pF) ~ 1 

f 0 = 441MHz 

Figure 17b. Network for 250 Series and 250 Shunt 
Termination. 



$ = ANALOG GROUND PLANE 

-±- = DIGITAL GROUND PLANE 


Figure 18. AD770 Application Example 


LATCHING THE OUTPUT DATA 

A simplified AD770 timing diagram is illustrated in Figure 19. 
The input signal is sampled on the falling edge of CLK. The 
output data for that sample is delayed by the Pipeline Delay 
plus the Output Delay. The Pipeline Delay is two CLK low 
periods and one CLK high period, and thus depends on the 
conversion rate and the clock duty cycle. Output Delay is measured 
from the second CLK rising edge after the falling edge which 
samples the analog input signal. Output Delay is not dependent 
on the conversion rate. 
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If the Maximum Clock Delay for T D = T DlI 1 i n is greater than the 
Minimum Clock Delay for T D = T Dmax , a fixed clock delay set 
between these two values can be used to latch the output of the 
AD770. 

TDmax + Tsu<^ Fixed Clock Delay < l/FcLK + TDmin - Th 

For example, a 120 MSPS system using 100K ECL logic would 
have the following conditions: 


Figure 19. AD770 Timing Diagram 

Output Delay varies from unit to unit due to manufacturing 
process variations. This factor, and the timing requirements of 
the external latch, must be considered when designing the output 
clock circuit. 

Figure 20 shows a more detailed timing diagram that illustrates 
the effect of Output Delay variations and external latch timing 
requirements. Data bit transitions are shown for units at the 
extreme limits of Output Delay (T D ). For a unit with T D = T Dmin , 
the data bits will begin to slew after a delay of T Dmin , and all 
bits will have settled after a further delay of T S k (Output Skew). 
The data will then be stable until the next output data transition. 


6.7ns<Clock Delay<9.6ns 

As the sample rate increases, the range of fixed clock delays 
becomes narrower. At 150 MSPS, using the same logic family, 
the range becomes: 

6.7ns<Clock Delay<8.0ns 

At 200 MSPS, a fixed delay can no longer be used, since 

Max Clock Delay (for T D = T Dmin ) = 6.3ns 
Min Clock Delay (for Td^Th,^) = 6.7ns 

The user should calculate whether a fixed delay can be used in 
Figure 20. Detailed Timing Diagram Showing Output the system. If a fixed delay cannot be used, a variable delay line 
Delay Variation is needed. 

However, the Setup and Hold times (T S u and T H ) of the external VARIABLE DELAY LINE 

latch must be subtracted to obtain the interval during which the Continuing with the example above, we can determine the span 

external latch can be clocked (Data Valid Range). Thus: of delays that is needed. 



Tpmay 6.0nS 
Tsu = 0-7ns 

F CL k= 120MHz 
TDmin = 2.0ns 
T H = 0.7ns 


Max Clock Delay (for T D = T D min) = l/FcLK + Tomin-Tn 
= 9.6ns 


Min Clock Delay (for T D = T Dmax ) = T Dmax + T S u = 6.7ns 


A fixed clock delay could thus be used, with the following 
limits: 



Data Valid Range = 1 /F clk -T S k-T su -T th 

The clock circuit will require a maximum delay that can also be 
easily derived: 

Max Clock Delay (for T D = T Dmin )= I/Fclk + Td^h-Th 

For a unit with T D = T E)max , the clock delay will be determined 
by the Maximum Output Delay (Tomax): 

Min Clock Delay (for T D = T Dmax ) = T Dmax + T S u 


At 200 MSPS: 

Max Clock Delay (for T D = To m i n ) = 6.3ns 
Min Clock Delay (for T D = T Dmax ) = 6.7ns 
Data Valid Range (for each device) < 1.25ns. 

The clock delay should have an adjustment range between (6.3 
- 1.25/2) = 5.7ns and (6.7 + 1.25/2) = 7.3ns to center the 
clock edge in the middle of the Data Valid range for all devices. 

If a variable delay line is used, some means must be provided to 
verify that the delay is correctly set for each device. This can be 
done by providing a test signal synchronized to the system 
timing and adjusting the delay to the centerpoint of the range 
that gives a stable output. 
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b. CLK, CLK 


I i 

I i 



c. ORZ, V BB 


AVcc DVcc 



AV EE DV ee PIN 23 DV ee 
(SUBSTRATE) PIN 24 

d. Internal Supply Connections 


DGND OGND 



e. Reference Input Detail ^ digital Outputs 


Figure 21. Equivalent Circuits 
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□ ANALOG 14-Bit 100 KSPS 

DEVICES Complete Sampling ADC 

AD779 I 


FEATURES 

AC and DC Characterized and Specified 
100k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K Grade) 

Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 

10 Mil Input Impedance 

16-Bit Bus Interface (See AD679 for 8-Bit Interface) 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 


AD779 FUNCTIONAL BLOCK DIAGRAM 


OE EOCEN EOC 


•^2> — (p (p (|)— (j > 



PRODUCT DESCRIPTION 

The AD779 is a complete, multipurpose 14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 

The AD779 is similar to the AD1779 in that it is specified for ac 
(or “dynamic”) parameters such as S/N+D ratio, THD &n4 
IMD which are important in signal processing applications. In 
addition, the AD779 is fully specified fbf de parameters which 
are important in measurement applications. 

The 14 data bits are accessed by a 16-bit bus in a single read 
operation. Data format is straight binary for unipolar mode Ad 
twos complement binary for bipolar mode. The input has a full- 
scale range of 10 V with a full power bandwidth of 1 MHz and 
a full linear bandwidth of 500 kHz. High input impedance 
(10 Mil) allows direct connection to unbuffered sources without 
signal degradation. 

This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD779 operates from +5 V and ±12 V supplies and dissi- 
pates 720 mW. A 28-pin plastic DIP and a 0.6" wide ceramic 
DIP are available. Contact factory for surface-mount package 
options. 

Screening to MIL-STD-883C Class B is available. 


PRODUCT HIGHLIGHTS 

1. COMPLETE INTEGRATION: The AD779 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 

1 SPECIFICATION S : The AD779 is specified for both dc and 
ac parameters. DC specifications (such as INL, gain and off- 
- set) are important in control and measurement applications. 

AC specifications (such as S/N+D ratio, THD and IMD) are 
^6f value in signal processing applications. 

SvTpASE OF USE: The pinout is designed for easy board lay- 
out, afod the single cycle read output provides compatibility 
with 16-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

4. RELIABILITY: The AD779 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term 
reliability compared to multichip and hybrid designs. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS 


AC SPECIFICATIONS 


(T m ,„ to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V 0D = +5 V ±10%, f s/ 


■max» # CC ~ 1 *EE 

f. N = 10.009 kHz unless otherwise noted) 1 


100 KSPS, 


Parameter 

Min 

AD779J/S 

Typ 

Max 

Min 

AD779K/T 

Typ Max 

Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 








-0.5 dB Input (Referred to -0 dB Input) 

78 

79 


80 

81 


dB 

-20 dB Input (Referred to -20 dB Input) 

58 

59 


60 

61 


dB 

-60 dB Input (Referred to -60 dB Input) 

18 

19 


20 

21 


dB 

TOTAL HARMONIC DISTORTION (THD) 








@ +25°C 


-90 

-84 


-90 

-84 

dB 



0.003 

0.006 


0.003 

0.006 

% 

T m in tO T max 


-88 

-82 


-88 

-82 

dB 



0.004 

0.008 


0.004 

0.008 

% 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 


-90 

-84 


-90 

-84 

dB 

FULL POWER BANDWIDTH 

1 

1 

MHz 

FULL LINEAR BANDWIDTH 

500 

J 500 

kHz 

INTERMODULATION DISTORTION (IMD) 2 


% 1% 

¥% 





2nd Order Products 

I m IP 

-90 

-84 


-90 

-84 

dB 

3rd Order Products 


-90 

i: 84 ii 


-90 

-84 

dB 


notes * a 

‘fi N amplitude = -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) 
input signal unless otherwise noted. 

2 f A = 9.08 kHz, f B = 9.58 kHz, with f SA MPLE = 100 KSPS. See Definition of Specifications section. 

Specifications subject to change without notice. 


DIGITAL SPECIFICATIONS (All device types T mln to T max , V cc = +12 V ±5%. V EE = -12 V ±5%, V D0 = +5 V ±10%) 


Parameter 

Test Conditions 

Min 

Max 

Units 

LOGIC INPUTS 





V IH High Level Input Voltage 


2.4 


V 

V IL Low Level Input Voltage 



0.8 

V 

I IH High Level Input Current 

V, N = 5 V 


10 

|xA 

I IL Low Level Input Current 

V IN = 0 V 


10 

|xA 

C IN Input Capacitance 



10 

pF 

LOGIC OUTPUTS 





V OH High Level Output Voltage 

I 0 h = 0.1 mA 

4.0 


V 


Iqh — 0.5 mA 

2.4 


V 

V OL Low Level Output Voltage 

I 0 l ~ 1*6 mA 


0.4 

V 

I oz High Z Leakage Current 

V IN = 0 or 5 V 


10 

|xA 

C Qz High Z Output Capacitance 



10 

pF 


NOTES 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD779 


DC SPECIFICATIONS 


(Tmrn to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V DD 
unless otherwise indicated) 


+5 V ±10% 


Parameter 

AD779J 

Min Typ Max 

AD779K 

Min Typ Max 

Units 

TEMPERATURE RANGE 

0 +70 

0 +70 

°C 

ACCURACY 




Resolution 

14 

14 

Bits 

Integral Linearity Error 




@ +25°C 

±2 

±1 

LSB 

T mi„ tO T„„ 

±2 

±2 

LSB 

Differential Linearity 

14 

14 

Bits 

Unipolar Zero Error 1 (@ +25°C) 

±8 

±4 

LSB 

Bipolar Zero Error 1 @ +25°C) 

±8 

±4 

LSB 

Gain Error 1 - 2 (@ +25°C) 

±16 

±8 

LSB 

Temperature Drift (Coefficients) 




Unipolar Zero 3 

±8(10) 

±6 (8) 

LSB (ppm/°C) 

Bipolar Zero 3 

±8 (10) 

*■ ±6(8) 

LSB (ppm/°C) 

Gain 3 

±36 (50) 

±24 (33) 

LSB (ppm/°C) 

Gain 4 

±8 (10) 

±6(8) 

LSB (ppm/°C) 

ANALOG INPUT 




Input Ranges 




Unipolar Mode 

0 +10 

0 ^ % +10 

V 

Bipolar Mode 

„-5" +5 

-5 +5 

V 

Input Resistance 

10 

10 

MD 

Input Capacitance 

f " 10 

10 

pF 

Input Settling Time 

'■ \ 

: 1 

|JLS 

Aperture Delay 

5 20 

5 20 

ns 

Aperture Jitter 

150 

1 150 

ps 

INTERNAL VOLTAGE REFERENCE 




Output Voltage 5 

4.95 5.05 

4.98 5.02 

V 

External Load 




Unipolar Mode 

+ 1.5 

+1.5 

mA 

Bipolar Mode 

+0.5 

+0.5 

mA 

POWER SUPPLIES (T min to T max ) 




Power Supply Rejection 




V cc = +12 V ±5% 6 

±4 

±4 

LSB 

V EE = -12 V ±5% 

±4 

±4 

LSB 

V DD = +5 V ±10% 

±4 

±4 

LSB 

Operating Current 




Icc 

18 20 

18 20 

mA 

Iee 

25 32 

25 32 

mA 

Idd 

8 12 

8 12 

mA 

Power Consumption 

560 720 

560 720 

mW 


NOTE 

Adjustable to zero. See Figures 5 and 6. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 Excludes internal voltage reference drift. 

5 With maximum external load applied. 

6 1.4 V headroom is required between V cc and AIN. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DC SPECIFICATIONS 


(T mi „ to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V D0 
unless otherwise indicated) 


+5 V ±10% 



AD779S 

AD779T 


Parameter 

Min Typ Max 

Min Typ Max 

Units 

TEMPERATURE RANGE 

-55 +125 

-55 +125 

°C 

ACCURACY 




Resolution 

14 

14 

Bits 

Integral Linearity Error @ +25°C 

±2 

±1 

LSB 

T ral „ to T m „ 

TBD 

TBD 

LSB 

Differential Linearity 




(@ +25°C) 

14 

14 

Bits 

T.nin tO T max 

13 

14 

Bits 

Unipolar Zero Error 1 (@ +25°C) 

±8 

±4 

LSB 

Bipolar Zero Error 1 (@ +25°C) 

±8 

±4 

LSB 

Gain Error 1 ’ 2 (@ +25°C) 

±16 

±8 

LSB 

Temperature Drift (Coefficients) 




Unipolar Zero 3 

±16(10) 

_ -i±16 (10) 

LSB (ppm/°C) 

Bipolar Zero 3 

±16(10) 

* O iK(10) 

LSB (ppm/°C) 

Gain 3 

±82 (50) « | 

±82 (50) 

LSB (ppm/°C) 

Gain 4 


±16(10) 

LSB (ppm/°C) 

ANALOG INPUT 

'-'ii S 

P gfli '■% 


Input Ranges 

lit ff :Y ** v $ 

% f\v» 


Unipolar Mode 

' 0 410 

s % ft, jf f " +10 

V 

Bipolar Mode it 

* -5 +5 ; . 

1 * -5 +5 

V 

Input Resistance 


. 10 

Mfi 

Input Capacitance 

! 1 

\ fe # lk 10 

pF 

Input Settling Time 

r * ff% 

| 1 

|XS 

Aperture Delay 

5 ^0 v 

5 20 

ns 

Aperture Jitter 

150 

150 

ps 

INTERNAL VOLTAGE REFERENCE 




Output Voltage 5 

4.95 5.05 

4.98 5.02 

V 

External Load 




Unipolar Mode 

+ 1.5 

+1.5 

mA 

Bipolar Mode 

+0.5 

+0.5 

mA 

POWER SUPPLIES (T min to T max ) 




Power Supply Rejection 




V cc = +12 V ±5% 6 

±4 

±4 

LSB 

V EE = -12 V ±5% 

±4 

±4 

LSB 

V DD = +5 V ±10% 

±4 

±4 

LSB 

Operating Current 




Icc 

18 20 

18 20 

mA 

Iee 

25 32 

25 32 

mA 

Idd 

8 12 

8 12 

mA 

Power Consumption 

560 720 

560 720 

mW 


NOTE 

Adjustable to zero. See Figures 5 and 6. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 Excludes internal voltage reference drift. 

5 With maximum external load applied. 

6 1.4 V headroom is required between V cc and AIN. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at -55°C, +25°C and+125°C. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Timing - AD779 


TIMING SPECIFICATIONS ' +l!,±s% ' , “ " 


Parameter 

Symbol 

Min 

Max 

Units 

Conversion Rate 1 

tcR 


10 

|XS 

Convert Pulse Width 

tcp 

150 


ns 

Aperture Delay 

Iad 

5 

20 

ns 

Conversion Time 



8.5 

|XS 

Status Delay 

tsD 

0 

400 

ns 

Access Time 2 

l BA 


100 

ns 

Float Delay 3 

l FD 

10 

80 

ns 

Update Delay 

1UD 


200 

ns 

OE Delay 

toE 

20 


ns 

Read Pulse Width 

Irp 

150 


ns 

Conversion Delay 

tcD 

400 


ns 


NOTES 

‘Includes Acquisition Time. » 

2 Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data lines/EOC ero&S 2.0 V or 0.8 V. 
See Figure 4; C OU t = 100 pF. 

3 Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. 

See Figure 4; Cqut = 10 pF. __ ^ ^ if" 

Specifications subject to change without notice. 






|*— t BA -*| 


Figure 3. EOC Timing 


CONTENT OF - 
OUTPUT 
REGISTER ■ 


NOTES 

n EOCEN = LOW. 

2 DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 

Figure 1. Conversion Timing 



TEST 

Vcp 

Cour 

ACCESS TIME HIGH Z TO LOGIC LOW 

5 V 

100 pF 

FLOAT TIME LOGIC HIGH TO HIGH Z 

5 V 

10 pF 

ACCESS TIME HIGH Z TO LOGIC HIGH 

0 V 

100 pF 

FLOAT TIME LOGIC LOW TO HIGH Z 

0 V 

10 pF 




Figure 4. Load Circuit for Bus Timing Specifications 


Figure 2. Output Timing 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CONVERSION CONTROL 


END-OF-CONVERT 


Before a conversion is started, End-of-Convert (EOC) is HIGH 
and the sample-hold is in track mode. A conversion is started by 
bringing SC LOW, regardless of the state of CS. 

After a conversion is started, the sample-hold goes into hold 
mode and EOC goes LOW, signifying that a conversion is in 
progress. During the conversion, the sample-hold will go back 
into track mode and start acquiring the next sample. 

In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in 1.5 jjls maximum. The acquisition time does not affect the 
throughput rate as the AD779 goes back into track mode more 
than 2 |xs before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput rate is needed. 


End-of-Convert (EOC) is a three-stat e output which is enabled 
by End-of-Convert ENable EOCEN. 

OUTPUT ENABLE OPERATION 

The data bits (DB13-DB0) are three-state outputs that are 
enabled by Chip Select (CS) and Output Enable (OE). CS 
should be LOW t OE before OE is brought LOW. OE must be 
toggled to update the output register. The output is read in a 
single cycle as a 14-bit word. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REFOUT), 
output coding is twos-complement binary. 

POWER-UP 


When the conversion is finished, EOC goes HIGH and the 
result is loaded into the output register after a period of time 
t UD . Bringing OE LOW makes the output register contents 
available on the output data bits (DB13-DB0). A period of time 
t CD is required after OE is brought HIGH before the next SC 
instruction is issued. This is to allow internal logic states to 
reset and to guarantee minimum aperture jitter for the next 
conversion. 


If SC is held LOW, conversions will occur continuously. EOC 
will go HIGH for approximately 1.5 |xs between conversions. 


II 




* k 


m 111 


CONVERSION TRUTH TABLE 


A conversion sequence, consisting of one SC instruction, is 
required after power-up to reset internal logic. 

14-BIT MODE CODING FORMAT (1 LSB =0.61 mV) 


Unipolar Coding 
(Straight Binary) |^| 

Bipolar Coding 
(Twos Complement) 

V IN 

Output Code 

V,N 

Output Code 

0 

1.00000 V 

,9 fr V | 

: ' iS 

4 s - ! - 

obo . . . o 
loot. . 0 

-5.00000 V 
-0.00061 V 

0 

+2.50000 V 
+4.99939 V 

100 ... 0 

111 . . . 1 

000 ... 0 

010 ... 0 

Oil ... 1 



k k ff 




INPUTS 


OUTPUTS 


Mode 

SC 

EOCEN 

CS 

OE 

EOC 

DB13 . . . DB0 

Status 

Start Conversion 

1 

X 

X 

X 



No Conversion 


\ 

X 

X 

X 



Start Conversion 


0 

X 

X 

X 



Continuous Conversion 

Conversion Status 

X 

0 

X 

X 

0 


Converting 


X 

0 

X 

X 

1 


Not Converting 


X 

1 

X 

X 

High Z 


Either 

Data Access 

X 

X 

X 

1 


High Z 

Three-State 


X 

X 

1 

X 


High Z 

Three-State 


X 

X 

0 

0 


MSB ... LSB 

Data Out 


NOTES 

U = Logical OR. 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

HIGH to LOW transition. Must stay LOW for t = tc P . 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD779 

AD779 PIN DESCRIPTION 

Symbol Pin No. Type 

Name and Function 

AGND 

7 

P 

Analog Ground. This is the ground return for AIN only. 

AIN 

6 

Al 

Analog Signal Input. 

BIPOFF 

10 

Al 

Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight binary output coding. 
Connect to REF OUT for ±5 V input bipolar mode and twos-complement binary output coding. 

CS 

12 

Dl 

Chip Select. Active LOW. 

DGND 

14 

P 

Digital Ground 

DB13-DB0 

28-15 

DO 

Data Bits. These pins provide all 14 bits in one 14 bit parallel output. Active HIGH. 

EOC 

2 

DO 

End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the conversion 
is finished. EOC is a three-state output. See EOCEN pin for information on EOC gating. 

EOCEN 

13 

DI 

End-of-Convert Enable. Enables EOC pin. Active LOW. 

OE 

3 

DI 

Output Enable. A down-going transition on OE enables data bits. Active LOW. 

REF in 

9 

AI 

Reference Input. +5 V input gives 10 V full scale range. 

REFqut 

8 

AO 

+ 5 V Reference Output. Tied to REF I1? * fpr formal operation. 

SC 

4 

DI 

Start Convert. Active LOW- ’ ' , /;, % *? V 

Vcc 

11 

P 

+ 12 V Analog Power. 

Vee 

5 

P 

-12 VVAhalogPower. ' . - 

Vdd 

1 

P 

+ 5 ¥ Digital Power. 




Type: AI = Analog Input. 

AO = Analog Output. 

DI = Digital Input (TTL and 5 V CMOS compatible). 

DO = Digital Output (TTL and 5 V CMOS compatible). AUDQ are three-state drivers. 
P = Power. ' %' 


AD779 ORDERING GUIDE 1 


Plastic DIP 

Ceramic DIP 

Ceramic DIP 



(N-28A) 2 

(D-28A) 2 

(D-28A) 2 

Integral 


0 to +70°C 

0 to+70°C 

-55°C to +125°C 

Nonlinearity 

S/N+D 3 

AD779JN 

AD779JD 

AD779SD 

±2 LSB 

79 dB 

AD779KN 

AD779KD 

AD779TD 

±1 LSB 

81 dB 


NOTES 

Tor two cycle read (8+6 bits) interface to 8-bit buses, see AD679. 
2 See Section 14 for package outline information. 

3 Typical at 10 kHz, -0.5 dB input. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS* 


PIN CONFIGURATION 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

Vcc 

AGND 

-0.3 

+ 18 

V 

Vee 

AGND 

-18 

+0.3 

V 

Vcc 

V EE 

-0.3 

+26.4 

V 

Vdd 

DGND 

0 

+7 

V 

AGND 

DGND 

-1 

+ 1 

V 

AIN, REF in 

AGND 

-12 

+ 12 

V 

REF in 

Vee 

0 

Vcc 

V 

ref in 

Vcc 

Vee 

0 

V 

Digital Inputs 

DGND 

-0.5 

+7 

V 

Digital Outputs 

DGND 

-0.5 

V DD +0.3 

V 

Max Junction 





Temperature 



175 

°c 

Operating Temperature 





J and K Grades 


0 

+70 

°c 

S and T Grades 


-55 

+ 125 

°c 

Storage Temperature 


-65 

+ 150 

°c 

Lead Temperature 





(10 sec max) 



+ 300 

°c 


VddF" 
EOC [T 
OE [TT 
SC [~ 4 ~ 
v ee [T 
AIN [TT 
AGND [IT 

IZ 

Cl 

BIPOFF pTo~ 

Vcc [lL 

CSC? 


REF< 


REF in 


If 
' 1 


11 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
cated in the operational sections of this specification is not implied. . 
sure to absolute maximum rating conditions for extended periods mil affect 

•f f li# » 1 * 


Mji 


device reliability. 


CEN |_13 
DGND 0 

* fv 

f|Jt7 


ESD SENSITIVITY 

The AD779 features input protection circuitry consisting of 


11 




AD779 

TOP VIEW 
(Not to Scale) 


1] DB12 
~26~| DB11 
~25~[ DB10 
IT] DB9 
H] DB8 


DB13 


3 DB6 
~2p] DB5 

77 ] DB4 
77 ] DB3 
77 ) DB2 
77 ] DB1 
77 ] DBO 


;e ^distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD779 
has been classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 



Definition of Specifications 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 

S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 


TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Definition of Specifications — AD779 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1, 2, 3 . . . Intermodulation 
terms are those for which m or n is not equal to zero. For exam- 
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals applied to the con- 
verter are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a 0 dB input signal. 

BANDWIDTH 

The full-power bandwidth is that input frequency at which the 


INTEGRAL LINEARITY ERROR (INL) 

The ideal transfer function for a linear ADC is a straight line 
drawn between “zero” and “full scale.” The point used as 
“zero” occurs 1/2 LSB before the first code transition. “Full 
scale” is defined as a level 1 1/2 LSB beyond the last code tran- 
sition. Integral linearity error is the worst case deviation of a 
code from the straight line. The deviation of each code is 
measured from the middle of that code. 

Note that the linearity error is not user adjustable. 

POWER SUPPLY REJECTION 

Variations in power supply will affect the full scale calibration. 
This will result in a linear change in all lower order codes. The 
specifications show the maximum change in the full scale transi- 
tion point due to a change in power supply voltage from the 
nominal value. 


amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the. . 
slew rate limit of the sample-hold-amplifier (SHA) is,je^ecjff| 
At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB . Beyond, this frequency, dis- 
tortion of the sampled input signal increases significantly. 


The AD779 has been designedfo optimize input bandwidth, 
allowing it to undersample input signais with frequencies signifi- 
cantly above the converter’s Nyquist frequency. If thl input sig* 
nal is suitably band-limited, the spectral Content of the input 
signal can be recovered. 


APERTURE DELAY 


TEMPERATURE COEFFICIENT 

Tips is tile maximum change in the parameter from the initial 
#+25°Q to the value at T min or T max . 

I UNIPOLAR ZERO ERROR 

In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
ptfti offie actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 


BIPOLAR ZERO ERROR 

In the bipolar mode, the major carry transition (11 1111 1111 
1 1 1 1 to 00 0000 0000 0000 ) should occur at an analog value 1/2 


Aperture delay is a measure of the SHA’s performance and is LSB below analo 8 g round ' Bl P° lar zer ° error 18 the deviation of 

measured from the falling edge of Start Convert (SC) to when the actual transition from that point. This error can be adjusted 

the input signal is held for conversion. as discussed in the Input Connections and Calibration section. 


APERTURE JITTER 

Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 

INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 


GAIN ERROR 

The last transition should occur at an analog value 1 1/2 LSB 
below the nominal full scale (9.9991 volts for a 0-10 V range, 
4.9991 volts for a ±5 V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 


DIFFERENTIAL LINEARITY (DNL) 

In an ideal ADC, code transitions are 1 LSB apart. Differential 
linearity is the deviation from this ideal value. It is often speci- 
fied in terms of resolution for which no missing codes (NMC) 
are guaranteed. 

This specification is 14 bits for the AD779J, K and T grades, 
which guarantees that all 16,384 codes are present. The AD779S 
grade specifies 13 bits NMC, which means that missing codes 
do not occur adjacent to each other. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Application Information 

INPUT CONNECTIONS AND CALIBRATION 

The high (10 Mft) input impedance of the AD779 eases the 
task of interfacing to high source impedances or multiplexer 
channel- to-channel mismatches of up to 300 ft. The 10 V p-p 
full scale input range accepts the majority of signal voltages 
without the need for voltage divider networks which could 
deteriorate the accuracy of the ADC. 

The AD779 is factory trimmed to minimize offset, gain and lin- 
earity errors. In unipolar mode, the only external component 
that is required is a 50 ft ±1% resistor. Two resistors are 
required in bipolar mode. If offset and gain are not critical, 
even these components can be eliminated. 

In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 



Figure 6. Unipolar Input Connections with Gain and 
Offset Trims 


UNIPOLAR RANGE INPUTS 


: 


BIPOLAR RANGE INPUTS 

The connections for the bipolar mode are shown in Figure 5. In 
this mode, data output coding will be twos complement binary. 
This circuit will allow approximately ±25 mV of offset trim 
range (±40 LSB) and ±0.5% of gain trim range (±80 LSB^ 

Either or both of the trim pots can be replaced with 50 ft 
fixed resistors if the AD779 accuracy limits are sufficient for 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 1§0 L^B. 

To trim bipolar zero to its nominal value, apply a signal 
below midrange (-0.305 mV for a ±5 V range) and adjust R] 
until the major carry transition is located (II 11T1 1111 llllf 
00 0000 0000 0000). To trim the gain, apply a signal 1 1/2 L: 
below full scale (+4.9997 V for a ±5 V range) and adjust R2 to 
give the last positive transition (01 1111 1111 1110 to 01 1111 
1111 1111). These trims are interactive so several iterations may 
be necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9997 V for a ±5 V range) 
and adjust R1 until the minus full scale transition is located 
(10 0000 0000 0000 to 10 000 000 0001). Then perform the gain 
error trim as outlined above. 




Offset and gain errors can be trimmed out by using the configu- 
ration shown in Figure (L This circuit allows approximately 
±25 mV of offset triip range (±40 LSB) and ±0.5% of gain 
triiarange ( | 1 | LSB). | 

The nominal offset is 1/2 LSB so that the analog range that cor- 
responds to each code will be centered in the middle of that 
code (halfway between the transitions to the codes above and 
below it). Thus the first transition (from 00 0000 0000 0000 to 
i i should nominally occur for an input level of 

+ 1/2 LSB (0.305 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 0.305 mV signal to 
adjust R1 until the first transition is located. 

pi 

jfTlfe gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal 1 1/2 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 

(ii mi mi mo to n mi nil mi). 

If offset adjustment is not required, BIPOFF should be con- 
nected directly to AGND. If gain adjustment is not required, 

R2 should be replaced with a fixed 50 ft ±1% metal film resis- 
tor. If REFqut is connected directly to REF IN , the additional 
gain error will be approximately 1%. 

REFERENCE DECOUPLING 

It is recommended that a 10 |xF tantalum capacitor be 
connected between REF IN (Pin 9) and ground. This has the 
effect of improving the S/N+D ratio through filtering possible 
broad-band noise contributions from the voltage reference. 

BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
1.22 mA current through a 0.5 ft trace will develop a voltage 
drop of 0.6 mV, which is 1 LSB at the 14-bit level for a 10 V 
full scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 


Figure 5. Bipolar Input Connections with Gain and 
Offset Trims 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD779 


Analog and digital signals should not share a common path. 

Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD779 incorporates several features to help the user’s lay- 
out. Analog pins (V EE , AIN, AGND, REF oux , REF IN , 

BIPOFF, V cc ) are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mfl input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecture. Current 
through AGND is 200 p.A, with no code dependent variation. 

The current through DGND is dominated by the return current 
for DB13-DB0 and EOC. 

SUPPLY DECOUPLING ** flft % 

The AD779 power supplies should be well filtered, well rege- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. v 

Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and analog ground. A 
10 p.F tantalum capacitor in parallel with a 0J |xF ceramic 
capacitor provides adequate decoupling. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD779, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD779 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 

GROUNDING 

If a single AD779 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD779. If multiple AD779s are used or the AD779 shares ana- 
log supplies with other components, connect the analog and dig- 
ital returns together once at the power supplies rather than at 
each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 

INTERFACING THE AD779 TO MICROPROCESSORS 

The I/O capabilities of the AD779 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 


AD779 TO TMS320C25 

In Figure 7 the AD779 is mapped into the TMS320C25 I/O 
space. AD779 conversions are initiated by issuing an OUT 
instruction to Port 1. EOC status and the conversion result are 
read in with an IN instruction to Port 1 . A single wait state is 
inserted by gene rating the processor READY input from IS, 
Port 1 and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD779 
read instruction. 



AD779 TO 80186 


Figure 8 shows the AD779 interfaced to the 80186 microproces- 
sor. This interface allows the 80186’s built-in DMA controller to 
transfer the AD779 output into a RAM based FIFO buffer of 
any length, with no microprocessor intervention. 



Figure 8. AD779 to 80186 DMA Interface 


The following examples illustrate typical AD779 interface 
configurations. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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The AD779 is asynchronous which allows conversions to be ini- 
tiated by an external trigger source independent of the micro- 
processor clock. After each conversion, the AD779 EOC signal 
generates a DMA request to Channel 1 (DRQ1). The subse- 
quent DMA READ resets the interrupt latch. The system 
designer must assign a sufficient priority to the DMA channel to 
ensure that the DMA request will be serviced before the com- 
pletion of the next conversion. This configuration can be used 
with 6 MHz and 8 MHz 80186 processors. 

AD779 TO Z80 

The AD779 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. Figure 9 illustrates an I/O con- 
figuration, where the AD779 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 

A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during I/O operations, allowing the AD779 to be 
used with Z80 processors having clock speeds up to 8 MHz. 



AD779 TO ANALOG DEVICES ADSP-2100A 

Figure 10 demonstrates the AD779 interfaced to an ADSP- 
2100A. With a clock frequency of 1.25 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD779 data memory interface with two wait states. 

The converter runs asychronously using a sampling clock. The 
EOC output to the AD779 gets asserted at the end of each con- 
version and causes an interupt. Upon interrupt, the ADSP- 
2 100 A starts a data memory read by providing an address on the 
DMA bus. The decoded address generates OE for the converter. 
OE, together with logic and latches, is used to force the ADSP- 
2 100 A into a two cycle wait state by generating DMACK. The 
read operation is thus started and completed within three pro- 
cessor cycles (240 ns). 



Figure 9. AD779 to Z80 Interface 


Figure 10. AD779 to ADSP-2100A Interface 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


3-146 ANALOG-TO-DIGITAL CONVERTERS 








ANALOG 

DEVICES 


High Resolution, Programmable 
Integrating A/D Converter 


ADI 170 


FEATURES 
Low Nonlinearity: 

Integral: ±0.001% 

Differential: ±0.00035% 

Microcomputer-Based Design 
Programmable Integration Time: 1 to 350ms 
with Resolution from 7 to 18 Bits 
Programmable Output Data Format 
Auto-Zeroed Operation and Electronic Calibration 
(No External Trim Potentiometers) 
Microprocessor Compatible Interface 
High Throughput: Over 50 Conversions/Second 
for Line Cycle Integration Period 
High Normal Mode Rejection: 54dB at 50Hz 
Small Size: 1.24"x 2.5" x 0.55" max 

APPLICATIONS 
Data Acquisition Systems 
Scientific Instruments 
Medical Instruments 
Weighing Systems 
Automatic Test Equipment 


GENERAL DESCRIPTION 

The ADI 170 is a high resolution integrating A/D converter 
intended for applications requiring high accuracy and high 
throughput at low cost. A novel conversion architecture provides 
the user with outstanding accuracy, stability and ease of use. 

The ADI 170 is a complete microcomputer-based measurement 
subsystem, composed of three major elements: a highly precise 
charge balancing converter, a single chip microcomputer, and a 
custom CMOS controller chip. The AD 11 70 offers independently 
programmable integration time (from one millisecond to 350 
milliseconds) and data format (offset binary or two’s complement, 
from 7 to 22 bits). The converter is fully auto-zeroed and exhibits 
a span drift of only 9ppm/°C, assuring stable, accurate readings. 

The ADI 170 may be interfaced to any microcomputer based 
system in a memory mapped or I/O mapped fashion via an 8-bit 
data bus. The AD1170’s advanced features are controlled by 
simple commands sent to it via this bus. 

The converter utilizes surface mount technology and is housed 
in a small 1.24" x 2.5" x 0.55" package. It operates from ± 15V dc 
and + 5V dc power. 


AD1170 FUNCTIONAL BLOCK DIAGRAM 


REF OUT 
N/C 
REFIN 
N/C 
N/C 
DIG COM 
N/C 
N/C 

EXT CC 
RESET 
XTAL OUT 
XTAL IN 
D7 



LEAVE N/C PINS UNCONNECTED 


PRODUCT HIGHLIGHTS 

1. The ADI 170, unlike dual slope converters, offers the user 
the capability of programming the integration time by selecting 
one of seven preset integration periods or by loading an 
arbitrary integration period over the interface bus. 

2. The ADI 170 architecture provides for user programmable 
data format independent of the integration time. All data is 
computed to 22-bit resolution and the user may specify any 
resolution from 7 to 22 bits. Usable resolution will typically 
be limited to 18-bits due to measurement and calibration 
noise error. 

3. Electronic digital calibration eliminates the need for trim 
potentiometers. Calibration can be performed at any time by 
applying an external reference voltage to the input and invoking 
a calibration command. The calibration data is stored in an 
internal nonvolatile memory chip. 

4. Internal calibration cycles may be programmed to occur 
whenever the converter is idle, assuring negligible offset drift 
and only 9ppm/°C span drift. 

5. The conversion rate is greater than 50 conversions per second 
when programmed for 60Hz line cycle integration. The 
maximum conversion rate is greater than 250 conversions per 
second, using a one millisecond integration period. 
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SPECIFICATIONS**,® +25°C,V S 


±15V, V D 


+ 5V unless otherwise specified) 


Model 

Min Typ Max 

Units 

RESOLUTION 1 

7 18 

Bits 

ACCURACY 



Integral Nonlinearity 2 

±0.001 

% SPAN 

THROUGHPUT RATE 3 



Time (Integrate) = 1ms 

250 

conv/S 

Time (Integrate) = 16.667ms 

50 

conv/S 

Time (Integrate) = 100ms 

9 

conv/S 

DIFFERENTIAL NONLINEARITY 



T(int) @ T (cal) 



1ms 10ms 

±0.01 

% SPAN 

16.667ms 100ms 

±0.0008 

% SPAN 

300ms 300ms 

±0.00035 

% SPAN 

STABILITY 



Span 

±9 

ppm SPAN/°C 

POWER SUPPLY REJECTION RATIO 



(Span Error vs. Analog 



Supply Voltage) 

60 

ppm ofReading/V 

INPUT CHARACTERISTICS 



Analog Input Range 



dc 

-5 +5 

V 

dc Plus Normal-Mode Voltage 

-6 +6 

V 

Absolute Maximum 



(Without Damage) 

-30 +30 

V 

Normal-Mode Rejection 



@60Hz 

54 

dB 

@50Hz 

60 

dB 

Input Bias Current 

10 

nA 

Input Impedance 

100 

Mft 

REFERENCE 



Output Voltage 

5 

Vdc 

Output Current 

2 

mA 

Input Range 

4.5 5.5 

Vdc 

DIGITAL LEVELS 



Inputs 



Low 

0.8 

V 

High 

2.0 

V 

Outputs 



Low (@4mA) 

0.45 

V 

High(@100|i,A) 

2.4 

V 

WARMUP TIME 



to 60ppm SPAN 

5 

min 

to 20ppm SPAN 

15 

min 

POWER REQUIREMENTS 



+ V s and -V s 

9 15 18 

V 

+ V D 

4.75 5 5.25 

V 

Supply Current Drain 



@ ±15 V 

12 

mA 

@ +5V 

110 

mA 

TEMPERATURE RANGE 



Rated Performance 

0 +70 

°C 

Storage 

-25 +85 

°C 

SIZE 

1.24" x 2.5" x 0.55" max (3 1.4 x 63.5 x 14.0)mm 


NOTES 

'The usable resolution is limited by noise, which is largely determined by the integration period 
and calibration period. Consult the chart in Figure 4 for typical peak-to-peak noise versus 
integration and calibration period. 

2 The integral linearity is defined as the deviation from a straight line drawn between the 
endpoints of the converter. This specification is independent of gain and/or offset errors. 

’Throughput Rate is calculated by the formula: + 1 ^ i)liseconds = minimum conversions/second 

Where T(int) is expressed in number of milliseconds. 

Specifications subject to change without notice. 

IBM PC/XTIAT* compatible evaluation board: AC5004 (see last 
page of this data sheet for description). 


•IBM PC/XT/AT is a trademark of International Business Machines Corp. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


r 



(14.0) 


0.020/0. 

MAX 

_L 


(0.05/0. 

0.130 (3.3) 

1 

II RECTANGULAR LEADS— JL- 
— U 0.010 x 0.020 u 

(0.025 x 0.051) 

-“T 




CAUTION: OBSERVE PROPER PLUG-IN POLARITY TO 
PREVENT DAMAGE TO CONVERTER 

PIN DESCRIPTIONS 


PIN 


DESCRIPTION 

1 

■k 

Digital Power Supply 

2,3 


Address Control Lines 

4 

RD 


5 

WR 


6 

CS 

Chip Select 

7 

bOsy 

When Low. Indicates Device Busy 

When High, indicates Device Ready for Command 

10 

DTA RDY 

When High, Indicates That Data From Most Recent 

Conversion Command is Ready 

11 

INT 

When High, Indicates Device is Currently Integrating 

Input Signal. Goes Low to Indicate Integration Complete 

12 

ELS 

External Line Sample Input. Used with ELS Command 
to Sense an Externally Provided Sample of the Line Frequency 

14 

PWRUP 

When High, Indicates Power Up Initialization 
in Progress 

16 

-15V 

Negative Analog Power Supply 

17 

+ 15V 

Positive Analog Power Supply 

18 

ANA COM 

Analog Common : the Reference Point for Analog 

Power Supplies 

19 

+ IN 

Positive Signal Input 

20 

-IN 

Negative Signal Input 

21 

REF OUT 

Internal + 5V Reference Output 

23 

REFIN 

Reference Input; Normally Connected to Ref Out 

26 

DIG COM 

Digital Common ; the Reference Point for the 

Digital Power Supply 

29 

E^CC 

External Convert Command Input 

30 

RESET 

Reset Input; Usually Connected to an RC Network 
for Automatic Reset Upon Power Up 

31,32 

XTALOUT, 

XTALIN 

Connections for 12MHz Crystal (Series Resonant, 

3011 ESR). Alternatively, Xtal In May Be Driven 

From an External 12MHz Logic Signal 

33-40 

D7-D0 

Bidirectional Data Bus 

8,9,13, 

15,22,24 

25,27 

28 


DO NOT CONNECT 
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FACTORY DEFAULT SETTINGS 

The AD1170’s internal nonvolatile memory stores various A/D 
parameters as programmed by the user (such as the integration 
period, output data format, calibration coefficient, etc.)- The 
ADI 170 is calibrated at the factory with the following default 
settings: 

FORMAT: 16-bit, offset binary 
DEFAULT T(int): 16.667 milliseconds 
(code 2) 

DEFAULT T(cal): 100 milliseconds 
(code 4) 

ADI 170 ARCHITECTURAL OVERVIEW 

The ADI 170 is a complete microcomputer-based measurement 
subsystem, containing three major elements: a highly precise 
charge balancing converter, a single chip microcomputer, and a 
custom CMOS controller chip. 

The heart of the measurement technique is the charge balancing 
converter (essentially a voltage to frequency converter). This 
converter measures the input signal by balancing a proportional 
current against a train of precisely controlled reference current 
pulses using an integrator. The microprocessor, together with 
the counting and gating circuitry within the CMOS controller 
chip, measures the period of the reference current pulses by 
interpolating them using a 12MHz clock signal. The resulting 


data is converted to binary representation by the use of floating 
point firmware routines within the microprocessor. 

When the ADI 170 is triggered to perform a conversion, two 
separate phases are performed: first, an integration phase, where 
the input signal is actually measured, and then a computation 
phase, where the data from the integration phase is processed, 
along with both the volatile and nonvolatile calibration data, and 
formatted for output as the user desires. 

The duration of the integration phase can be programmed by 
the user, and may be as short as one millisecond, or as long as 
350 milliseconds. The computation phase always lasts approxi- 
mately three milliseconds and commences immediately after the 
integration phase is over. Therefore, the total conversion time 
will equal the user programmed integrate time plus a fixed 3 
milliseconds. Status signals are provided to indicate when the 
data is ready and when the converter may be retriggered for the 
next conversion. 

For maximum stability, the ADI 170 periodically calibrates itself 
by performing measurements upon a zero input signal and a 
full-scale signal provided by the internal reference. This technique 
cancels any drift within the charge balancing converter itself, 
resulting in negligible offset drift, and gain stability equal to 
that of the reference. Calibration cycles may be programmed to 
take place whenever the ADI 170 is idle, or they may be invoked 
under system control. 



READ CYCLE TIMING REQUIREMENTS WRITE CYCLE TIMING REQUIREMENTS 


PARAMETER 

DESCRIPTION 

MIN TYP MAX 

UNITS 

PARAMETER 

DESCRIPTION 

MIN TYP 

MAX UNITS 

t RD 

RD Pulse Width 

150 

ns 

*WR 

WR Pulse Width 

100 

ns 

tcSRL 

Chip Select to RD Low 

0 

ns 

tcSWL 

Chip Select to WR Low 

0 

ns 

tcHS 

Chip Select Hold Time 

0 

ns 

*CHS 

Chip Select Hold Time 

0 

ns 

t AS 

Address Setup Time 

10 

ns 

tAS 

Address Setup Time 

10 

ns 

«AH 

Address Hold Time 

0 

ns 

tAH 

Address Hold Time 

0 

ns 

*OAV 

Data Valid Time 

100 

ns 

t 0 S 

Data Setup Time 

80 

ns 

tDH 

Data Hold Time 

80 

ns 

toH 

Data Hold Time 

20 

ns 


Figure 1. Timing Diagrams and Requirements 
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The ADI 170 contains no internal trims; its span accuracy is 
factory calibrated by using the ECAL (Electronic CALibration) 
feature. This feature is a firmware routine which measures an 
externally applied reference voltage, compares it to the internal 
reference voltage, and computes a span correction factor which 
is stored in nonvolatile memory. The correction factor is then 
applied to all subsequent measurements, thereby compensating 
for the reference error. The ECAL function may be invoked by 
the user at any time, thereby replacing the usual trim potentiometer 
with a totally electronic calibration capability. 

UNDERSTANDING THE ADI 170 SPECIFICATIONS 

The ADI 170, because of its unique conversion technique, is 
specified quite differently from more conventional integrating 
converters. The following sections will help the user to understand 
where the sources of error are, and how to extract the best 
possible performance from the converter. 

There are two primary sources of error in the ADI 170: integral 
nonlinearity of the charge balancing converter, which influences 
all conversions equally, regardless of the integration period and 
calibration period; and the noise error of the measurement/cali- 
bration process, which is a function of the integration period 
and calibration period as selected by the user. 

INTEGRAL NONLINEARITY 

The integral nonlinearity of the charge balancing converter 
(CBC) is ± lOppm (±0.001%) of Span. This specification is an 
“endpoint” nonlinearity measurement; i.e., the typical deviation 
seen from a straight line drawn between the CBC output at - 5 
volts and its output at + 5 volts. This specification excludes any 
gain or offset error. 

If the converter was externally calibrated at its end points ( — 5 
volts and + 5 volts), then the integral nonlinearity would also be 
the relative accuracy of the converter. This is not the case in the 
ADI 170, however, because calibration is performed internally at 
0 and + 5 volts, rather than - 5 and + 5 volts. This calibration 
technique, superimposed upon the integral nonlinearity of the 
CBC, results in the curve shown in Figure 2. 


ERROR 



Figure 2. Relative Accuracy and Integral Nonlinearity 
when Calibrated 


As shown in the diagram, the calibration technique tends to 
exaggerate the relative error at the negative end of the scale, and 
reduce the error between 0 and + 5 volts. This characteristic 
happens to be most beneficial when using the ADI 170 in systems 
where the input comes from a sensor whose signal is mostly 
positive, such as a thermocouple. 

For systems where the user desires to minimize the relative 
error equally across the whole span of the converter, it is possible 
to intentionally introduce a span error during the ECAL procedure, 
as shown in Figure 3. This scheme sacrifices positive full-scale 
accuracy in order to minimize negative full scale error. The net 
result is a relative accuacy equal to the integral nonlinearity. 


ERROR 



Figure 3. Relative Accuracy with Intentional Span Error at 
+ F.S. 

In both cases the accuracy of the input offset (which is servo 
controlled) is not compromised. 

MEASUREMENT/CALIBRATION NOISE 

Measurement noise refers to the conversion-to-conversion uncer- 
tainty caused either by mathematical truncation or device noise. 

Calibration noise is actually the measurement noise resulting 
from the calibration process. The converter stabilizes itself by 
performing internal measurements of the reference, and of ground; 
these measurements have the same uncertainty due to noise as 
does the normal measurement process. 

The measurement and calibration noise error of the AD 11 70 
determines the differential linearity, or useable resolution, of the 
converter. This parameter determines the usable resolution 
because it defines what codes can be seen through the noise. 

The specified value is the amount of error, in either direction 
from the average reading, which will not be exceeded for 95% 
of all conversions. This parameter, as in all integrating converters, 
is a function of the integration time; long conversions result in 
very high resolution, while short conversions provide lower 
resolution. In the ADI 170, all internal computations are always 
carried out to 22-bit resolution, but useable resolution is limi ted 
by the peak-to-peak noise, as determined by T(cal) and T(int). 

The chart shown in Figure 4, illustrates the typical peak-to-peak 
noise (in ppm Span) versus T(int) and T(cal). These numbers 
can be used to indicate how much useable resolution can be 


T (cal) = 

1ms 

10ms 

16.7ms 

20ms 

100ms 

166.7ms 

300ms 

CAL 

DISABLED 

UNITS 

T (int) = 1ms 

10ms 

16.7ms 

20ms 

100ms 

166.7ms 

300ms 

208 

115 

115 

114 


■m 


110 

± ppm of SPAN 


24 

18 

16 


WBm 

13 

12 





14 


8 

8 

8 

8 



222222 

12 | 

7 

7 

7 

7 


*222 

22222! 

*2228 

4.0 


3.5 

3.5 


2222 

22222 

22228 

<22222 

4.0 

PBPHMI 

3.5 


22222 

22222 

22228 

*2222 

*2222! 


3.5 


Figure 4. Typical Peak-to-Peak Noise (in ppm Span) Versus T(int) and T(cal) 
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expected under a given set of operating conditions. For example, 
a peak-to-peak noise of ± 8ppm is approximately analogous to a 
flicker of ± 0.5LSB at 16 bits of resolution. Under these conditions, 
a user could set the default format for the AD1170 to 16-bit 
resolution, and observe no more than ± 1/2LSB of differential 
error. See Table I for conversion of typical peak-to-peak noise 
to Differential Nonlinearity and Useable Resolution. 

The chart in Figure 4 may also be used to determine the minimum 
effective calibration time for a specified integration period; the 
noise contributions of both the measurement cycle and the 
calibration cycle combine as the “root sum square”, and the 
combined effect tends to asymptotically approach a baseline 
value determined by the shorter of the two. For example, a 
T(cal) greater than 10 milliseconds does little or nothing to 
improve the noise performance for conversions using a T(int) of 
1 millisecond. 


NOISE 
(ppm Span) 

RESOLUTION 
AT 1/2LSB 

DNL ERROR 
(NO. OF BITS) 

RESOLUTION 

AT1LSB 

DNL ERROR 
(NO. OF BITS) 

DIFFERENTIAL 
NONLINEARITY 
(% Span) 

244 

11 

12 

0.024 

122 

12 

13 

0.012 

61 

13 

14 

0.006 

31 

14 

15 

0.003 

15 

15 

16 

0.0015 

8 

16 

17 

0.00076 

4 

17 

18 

0.00038 

2 

18 

19 

0.00019 


Table I. Conversion of Noise Error to DNL and Usable 
Resolution 

SIGNAL INPUT CONNECTIONS 

The ADI 170 has both a positive input pin (4- IN) as well as a 
negative input pin (-IN), but the ADI 170 input is not a true 
differential input. The negative input pin is an input used during 
calibration cycles to establish the zero reference. In applications 
with static ground offsets, the - IN pin may be used as a ground 
sense input, to sense a signal reference point which is offset 
from analog common by a small differential. Both the - IN and 
+ IN signals must have a bias current path back to analog com- 
mon. Figure 5 illustrates the proper use of the input signal 
connections. 



Figure 5. Input ; Power , , Reset and Clock Connections 


RESET 

A reset sequence must be accomplished after power-up and 
before any access to the converter. The RESET line initializes 
the internal logic of the ADI 170. This line may be driven from 
an external source, such as may exist in most computer based 
systems, or it may be connected to a simple RC circuit which 
will automatically invoke a reset sequence at power-up. Figure 5 
illustrates the recommended circuit. 

When driving the RESET line from an external source, the line 
must be held high for at least 2 microseconds after the oscillator 
is running and stable (typically 300 microseconds after power is 
applied) in order to assure a proper reset. 

CLOCK 

The ADI 170 requires a 12MHz clock for operation. This clock 
may be supplied by connecting the XTAL OUT and XTAL IN 
pins to a 12MHz crystal, along with two resistors and two capacitors 
as shown in Figure 5. 

The user may also supply a 12 MHz logic signal from an external 
source, such as may be available in the user’s system. In this 
case, the external clock should be applied to the XTAL IN pin, 
and the XTAL OUT pin should remain unconnected. 

POWERING THE AD1I70 

For best performance, the user should pay careful attention to 
proper power supply bypassing, as well as grounding. Analog 
common and digital common are not connected internal to the 
module, but must be connected externally. Figure 5 illustrates 
the proper connection of power and ground to the AD1170 1 . 
REFERENCE CONNECTIONS 

The internal + 5 volt reference of the ADI 170 is brought out to 
Pin 21 of the module; for normal operation, it should be connected 
to the reference input (Pin 23). 

An external reference voltage of from 4.5 to 5.5 volts may be 
applied to the reference input (Pin 23), and the reference output 
may remain unconnected. The data will be ratiometric to that 
reference. The input impedance of the reference input is ap- 
proximately 16K ohms. The reference input is not dynamic; any 
external reference voltage must be an essentially static DC 
signal. 

INTERFACING TO THE AD1170 

The ADI 170 contains an eight-bit microprocessor compatible 
interface structure, including control lines. It can be interfaced 
to any microprocessor-based system in either a memory mapped 
or I/O mapped mode, and occupies four successive bytes of 
read/write address space, as shown in Figure 6. 1 



CS 

RD 

WR 

A1 

AO 

FUNCTION 

H 

X 

X 

X 

X 

Device Not Selected 

WRITE 

L 

H 

L 

H 

H 

(Unused) 

L 

H 

L 

H 

L 

Parameter 2 Write 

L 

H 

L 

L 

H 

Parameter 1 Write 

L 

H 

L 

L 

L 

Command Write 

READ 

L 

L 

H 

H 

H 

High Data Read 

L 

L 

H 

H 

L 

Mid Data Read 

L 

L 

H 

L 

H 

Low Data Read 

L 

L 

H 

L 

L 

Status Read 


X = DON'T CARE 


Figure 6. Control Functions 

‘Attempting to READ and WRITE at the same time (RD and WR set low) 
may alter the contents of the internal nonvolatile memory. 
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The ADI 170 is controlled by writing a command into the lowest 
byte of the device image. Upon receipt of the command byte, 
the BUSY line is set low, indicating that command interpretation 
is in progress. The BUSY line returns high, following command 
interpretation and a command dependent execution time. This 
signals that the command execution has been completed, and 
another command may now be written. The logical inverse of 
the BUSY line is available in the STATUS byte for use in polling. 
See the section below about THE STATUS BYTE. 

When the command requires one or two parameters, in addition 
to the command byte, they must be written into the second and 
third parameter bytes of the image before writing the command 
byte. This is because writing the command byte triggers the 
microprocessor to begin command interpretation. 

Following the execution phase of any command, the CMD ERR 
bit in the STATUS byte will indicate acceptance or rejection of 
the command. When set, this bit indicates that there was a 
contextual or syntactic error in the command or parameters. 

Conversions may be initiated either by bus command, or by a 
high to low transition of the EXT CC line 1 . Externally triggered 
conversions behave in the same way as bus triggered conversions, 
except that the BUSY line and the BUSY bit in the status word 
remain inactive; the end of execution of externally triggered 
conversions must be determined by examination of the DTA 
RDY line or the DTA RDY bit in the STATUS word. 

THE STATUS BYTE 

The lowest readable byte of the device image is the STATUS 
byte; it contains six bits of information about the current status 
of the ADI 170. This byte may be examined by the host processor 
at any time. The individual bits in the status byte (see Figure 7) 
are assigned the following functions: 

BITO The BUSY bit is an inverted version of the signal on Pin 
7 of the module. When low, it indicates that the ADI 170 
is ready to receive a command. When high, it indicates 
that the ADI 170 is busy executing the last command. 

Any commands loaded while the BUSY signal is high will 
be ignored. 

BIT1 The DTA RDY bit (also available on Pin 10 of the module) 
goes high to indicate that the data from the most recent 
conversion is available in the LOW DATA, MID DATA, 
and HIGH DATA registers. This bit is cleared at the 
start of the next conversion. It may also be cleared by 
executing an EOI command. 

BIT2 The DATA SAT bit is set by any conversion which is 

saturated, i.e., any conversion whose output data exceeds 
positive or negative full scale. 

BIT3 The CMD ERR bit indicates that the most recently loaded 
command contained a contextual or syntactic error, or 
was not recognized. It is cleared when the next command 
is loaded. 

BIT4 The INT bit (also available on Pin 1 1 of the module) goes 
high to indicate that the input signal is currently being 
integrated. It is used in multiplexed systems to determine 
when the input multiplexer may be switched. 

BIT5 The PWRUP bit (also available on Pin 14 of the module) 
goes high when the module is powered up or when the 
RST command is executed. It remains high until device 
initialization is complete. This signal is used to indicate 
readiness of the converter after system initialization. 


B7 B6 B5 B4 B3 B2 B1 BO 


* 

* 

PWRUP 

INT 

CMD 

ERROR 

DATA 

SAT 

DATA 

RDY 

BUSY 


* UNUSED: CONTENTS INDETERMINATE 

Figure 7. The Status Byte 
OUTPUT DATA FORMAT 

The ADI 170 architecture allows a programmable data format 
independent of the integration time. The user may specify any 
resolution from 7 to 22 bits, and may specify either offset binary 
coding or two’s complement coding. Programming the data 
format is accomplished via the use of the SDF command, using 
the format code described in the table in Figure 8 as the 
PARAMETER 1 value. 


C 4 

C 3 

C 2 

Ct 

C 0 

DATA FORMAT 

H 

X 

X 

X 

X 

Two's Complement 

L 

X 

X 

X 

X 

Offset Binary 

X 

H 

H 

H 

H 

22 Bits 

X 

H 

H 

H 

L 

21 Bits 

X 

H 

H 

L 

H 

20 Bits 

X 

H 

H 

L 

L 

19 Bits 

X 

H 

L 

H 

H 

18 Bits 

X 

H 

L 

H 

L 

17 Bits 

X 

H 

L 

L 

H 

16 Bits 

X 

H 

L 

L 

L 

15 Bits 

X 

L 

H 

H 

H 

14 Bits 

X 

L 

H 

H 

L 

13 Bits 

X 

L 

H 

L 

H 

12 Bits 

X 

L 

H 

L 

L 

11 Bits 

X 

L 

L 

H 

H 

10 Bits 

X 

L 

L 

H 

L 

9 Bits 

X 

L 

L 

L 

H 

8 Bits 

X 

L 

L 

L 

L 

7 Bits 


X = DON'T CARE (C 7 C 6 C 5 = X FOR ALL DATA FORMATS) 
Figure 8. Format Code 


It should be noted that the AD 11 70 computes all data to 22 bit 
resolution. However, not all 22 bits are useable, since the differ- 
ential performance is largely dependent upon factors such as 
integration period and calibration period. The SDF command 
simply serves to round off the result to the specified number of 
bits. The graph in Figure 4 can be used to estimate the amount 
of useable resolution achievable for a specified integration period 
and calibration period. 

The output data is always right justified within the three output 
bytes (LOW DATA, MID DATA, and HIGH DATA). If two’s 
complement format is selected, the MSB of the data is inverted 
and extended all the way to the top of the HIGH DATA byte. 
For example, if 16 bit two’s complement format is selected, the 
data will appear in the LOW DATA and MID DATA bytes, 
and the MSB will be 0 for positive inputs. 2 The format is a 
nonvolatile parameter; whenever an SAVA command is executed, 
the current format will be saved to nonvolatile memory, and 
will become the default format upon powerup. 

! The minimum duaration for EXT CC is one microsecond. 

2 Since the sign is extended all the way to the top of the uppermost byte, the 

HIGH DATA byte will be filled with the value of the MSB. 


3-152 ANALOG-TO-DIGITAL CONVERTERS 





ADI 170 


PROGRAMMING THE INTEGRATION PERIOD 

The key parameter of any integrating A/D converter is the 
integration period. As shown in Figure 9, an integrating A/D 
converter provides maximum normal mode rejection at those 
frequencies which are integral multiples of 1/T(int), where T(int) 
is the integration period. The most common way to exploit this 
characteristic is to set the integration period equal to one period 
of the power line frequency so that ac hum will be rejected. 

Relative frequency, f = -k- , log scale 
1 1 10 



The duration of the integration also affects the resulting resolution 
of the data; long integration times result in more usable resolution 
than do short integration periods. 

The ADI 170, unlike most dual slope converters, offers the user 
the capability of programming the integration time. This feature 
can be used to great advantage in systems design, since the 
integration time can be optimized for differing system conditions. 
For example, in systems whose inputs are severely polluted by 
60Hz noise, the user may wish to program the ADI 170 for a 
100 millisecond integration time, which will result in excellent 
60Hz normal mode rejection. In another application, a user may 
wish to scan a large number of channels rapidly, looking for 
gross input changes, then slow down in order to make a high 
resolution conversion before resuming rapid scanning. 

The ADI 170 offers the user a number of different ways to set 
the integration period. The simplest way is by using the SDI 
command to set the default integration period to one of seven 
preset periods (1ms, 10ms, 16.66ms, 20ms, 100ms, 166.66ms, 
300ms). The first two preset periods offer fairly rapid scanning 
at reduced resolution; the other five represent American and 
European line voltage standards or multiples thereof. For single 
conversions without altering the default integration time, the 
CNVP command may be used, which also allows the selection 
of one of these seven preset periods. These preset periods and 
their corresponding codes are listed in the table of Figure 10. 

Another way in which the integration period may be programmed 
is via the EIS command, which allows the user to load the externally 
definable period register with a binary value 1 proportional to the 
desired integration period. Using this technique, the user may 
specify any period from one millisecond to 350 milliseconds 
(with 200 microsecond accuracy). Access to this user definable 
period is via the SDI or CNVP commands; the last entry in 
Figure 10 is used to select the period defined by the EIS or 
ELS command. 


C 2 

Ci 

C 0 

INTEGRATION TIME 

NOTES 

L 

L 

L 

1 Millisecond 


L 

L 

H 

10 Milliseconds 


L 

H 

«- 

16.667 Milliseconds 

1 cycle @ 60Hz 

L 

H 


20 Milliseconds 

1 cycle @ 50Hz 

H 


L 

100 Milliseconds 

50/60Hz 

H 

nrl 

H 

166.67 Milliseconds 

10 cycles @60Hz 

H 

H 

L 

300 Milliseconds 

50/60HZ 

H 

H 


(See Note) 



NOTE 


This code is used for externally loaded integration times 
(defined with the EIS Command) or externally measured times 
(from the ELS Command). The value can be anywhere from 
1 Millisecond to 350 Milliseconds. 

Figure 10. Preset Integration Periods 

The third way to set the integration period is via the external 
line sampling feature, using the ELS command. This command 
samples the period of the logic signal presented to the ELS 
input pin (Pin 12), and sets the externally definable period 
register accordingly. This feature is most useful in environments 
with fluctuating line frequencies. By executing an occasional 
ELS command, the converter effectively “tracks” the line fre- 
quency. To use this feature, a clean, bounce free logic represen- 
tation of the line frequency must be present at the ELS input 
during the execution of the ELS command. Once having performed 
the ELS command, the measured integration time may be selected 
using the SDI or CNVP commands along with the (HHH) code 
from the table in Figure 10 2 . 

It should be noted that the actual integration period used in the 
measurement process is accurate to about ± 200 p,s, due to the 
limitations of the charge balancing converter. This is adequate, 
however, for greater than 50dB of normal mode rejection at 
60Hz when using an integration period of 1/60 second. Even 
greater normal mode rejection may be obtained when the inte- 
gration period is a multiple of the line frequency period. 

CONTROLLING THE CALIBRATION CYCLE 

The ADI 170 achieves its excellent span and offset stability by 
calibrating itself against its internal reference voltages. The user 
can control the frequency of occurrence for calibration cycles 
and their duration. 

The duration of the calibration cycle is an important parameter, 
because it affects the accuracy of the calibration cycle itself. 
Errors in the calibration cycle appear in the output data as 
instantaneous offset and span errors. If automatic “background” 
calibration is enabled, these errors effectively appear as noise. 
Just as in the case of input conversions, longer calibration times 
result in more accuracy and less noise. 

Of course there may be system applications where there simply 
isn’t sufficient time to perform a long calibration cycle. For this 
reason, the ADI 170 offers the user the ability to specify the 
calibration period, using the SDC command. 

‘See the section titled “The ADI 170 Command Set” for the formula used to 
compute the proper binary value. 

2 Caution is advised; if no signal is present at the ELS input when the ELS 
command is executed, or if the signal is not within acceptable frequency 
limits, the module may “hang” and require a hardware reset to continue 
operation. 
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The argument for the SDC command is the same three-bit code 
as is used for the SDI and CNVP commands. The reason for 
this is that each calibration cycle consists essentially of two 
ordinary conversion cycles, performed upon the internal zero 
and span references. For example, if an SDC command with an 
argument of 3 is executed, the default calibration time will 
then be approximately 49 milliseconds (two conversions of 20 
milliseconds plus approximately 9 milliseconds for the internal 
mathematics). 

The user may also disable or enable background calibration. In 
systems where the ADI 170 may be periodically idle, i.e., not 
performing input conversions, background calibration is a good 
choice. This mode is enabled with the CALEN command and 
will cause the ADI 170 to continually initiate an internal calibration 
cycle whenever the converter is otherwise unoccupied. Any 
conversion commands received during a cal cycle will cause that 
cal cycle to be aborted in favor of the input conversion, thereby 
giving the user priority over calibration. This mode of operation 
is automatic and transparent. 

The CALDI instruction is used to disable background calibration. 
When this instruction is executed, the converter will be completely 
idle between convert commands, and calibration cycles will only 
occur when invoked by the SCAL command. This mode of 
operation is best when the user would like to perform input 
conversions at the maximum rate, and/or when the system affords 
a specific convenient time to perform calibration. 

There are no hard and fast rules about the best way to apply all 
of this flexibility, but best performance will be obtained if the 
following points are observed: 

• Consult the chart in Figure 4 to determine the minimum 
effective calibration period for use with a desired integration 
period. 

• Don’t use automatic background calibration unless your system 
will allow the converter enough uninterrupted time to perform 
at least one calibration cycle. For example, if you are using a 
calibration period code of 3, your system must periodically 
allow at least 49 milliseconds without a convert command or 
calibration will not occur. 

• Remember that the purpose of the calibration cycle is to 
cancel the intrinsic drift of the charge balancing converter 
within the ADI 170 itself. If the converter is in a stable envi- 
ronment, calibration may be done less frequently. The best 
possible performance will be achieved in stable ambient tem- 
peratures, where calibration is manually invoked by the system 
at relatively long intervals, using the longest allowable calibration 
time. 

• Very short calibration times, although allowed by the ADI 170 
firmware, are not especially useful because they introduce 
more error than they compensate. The only useful purpose of 
very short calibration times is in systems which are operating 
in rapidly changing ambient temperatures, and then only for 
relatively low resolution conversions. 

COMPENSATION OF EXTERNAL OFFSETS 

An electronic “null” feature compensates for offset errors of 
signal conditioning stages preceding the ADI 170. 

The null feature comprises three commands: NULL measures 
the input signal (using the current integration time) and stores it 
in internal RAM; NULEN subtracts the measured value from 
all subsequent conversions; NULDI cancels the NULEN com- 
mand’s effect. 

The sum of the offset value plus the full-scale input should be 
less than the ±6 volts linear input range of the ADI 170. The 


offset value to be nulled should ideally be no more than a few 
hundred millivolts in amplitude. 

The NULL command does not need to be executed every time 
the ADI 170 is powered up. Since the value measured by the 
NULL command is saved and restored by the SAVA and RESA 
commands, the value of the null will be the one saved during 
the last SAVA command. Execute a NULL command only 
when a new null measurement is desired. 

When NULEN is in effect, the length of each conversion will 
be extended by approximately 700 microseconds. 

ELECTRONIC CALIBRATION 

The ADI 170 contains an Electronic CALibration capability, 
which, along with the internal nonvolatile memory chip, effectively 
eliminates the need for trim potentiometers of any kind. This 
capability, abbreviated as ECAL, should not be confused with 
the internal background calibration cycles. ECAL is a completely 
distinct function used to calibrate the AD 11 70 to an external 
reference standard. 

The ECAL function measures the ratio of the internal reference 
voltage in the module with respect to an externally applied 
reference voltage. The resulting coefficient is applied to the 
math computations for all subsequent conversions, effectively 
compensating the module for absolute value errors in its own 
reference. The ratio is stored in random access memory until 
the user invokes a SAVA command, which will save this coefficient 
(along with the other nonvolatile parameters) in the nonvolatile 
memory chip. When the module is powered up, the previously 
saved coefficient is recalled from nonvolatile memory and stored 
in random access memory. 

In order to use the ECAL command, the input to the ADI 170 
must first be presented with an external -I- 5 volt reference standard 
such as is usually found in many calibration labs. The ECAL 
command may then be invoked; the external reference voltage 
must remain at the input until command execution is complete. 
If the calibration is to be made nonvolatile, a SAVA command 
must then be invoked. 1 

ECAL may also be used as a means of making limited ratiometric 
measurements. For example, in some applications, it may be 
useful to be able to measure the output of some transducer with 
respect to its excitation; if the excitation can be scaled to the 
range of 4.5 to 5.5 volts, then it can be used as an excitation for 
the ECAL process. Having digitized the excitation, all subsequent 
conversions will be ratioed to the ECAL value. For example, if 
an ECAL procedure is performed upon a 4.5 volt source, and 
the converter subsequently digitizes a 2.25 volt signal, the converter 
output will be half of full scale, or 11000... (assuming offset 
binary coding). The converter can be restored to absolute cali- 
bration by executing a RESA command, which will restore the 
last nonvolatile ECAL coefficient to random access memory. 

The user is cautioned that the nonvolatile memory used in the 
ADI 170 has a finite endurance of 1000 write cycles minimum. 
Assuming that the ADI 170 is calibrated weekly, this implies a 
device life span of greater than 19 years. Less frequent calibrations 
mean a proportionately longer life span. This means ECAL may 
be performed any number of times, but the user should limit 
the number of SAVA commands in order to extend the life span 
of the nonvolatile memory. 


1 Since the SAVA command saves all nonvolatile parameters, the user should 
be sure that the other default parameters, such as integration time and data 
format, are set to their desired values before SAVA is invoked. 
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NONVOLATILE MEMORY 

The internal nonvolatile memory in the ADI 170 is used to store 
the various nonvolatile parameters associated with A/D operation 
(for example, the integration period, data format, ECAL coeffi- 
cient, etc.). 

In addition, eight 16-bit words of the nonvolatile memory are 
made available to the user for general purpose use. They may 
be accessed using the RDNV and WRNV commands. Because 
the nonvolatile memory is specified for a finite endurance of 
1000 write cycles minimum, it is best used for data which does 
not regularly need to change, such as configuration information 
or system calibration parameters. 

FACTORY DEFAULT SETTINGS 

The ADI 170 is calibrated at the factory; the factory default 
settings are: 

Format: 16-bit, offset binary 

Default T(int): 16.667 milliseconds (code 2) 

Default T(cal): 100 milliseconds (code 4) 

THE AD1170 COMMAND SET 

The ADI 170 command code set includes 20 different functions. 
Some of the commands require no parameters, while others 
require one or two parameters which must be loaded into the 
PARAMETER 1 and PARAMETER 2 registers prior to loading 
the command register. Some commands (for example, CNVP) 
have their option parameter embedded in the lowest three bits 
of the co mm and itself. 

The execution time for any command depends on the command. 
Figure 1 1 is a synopsis of the available commands, as well as 
estimates of their execution times. 

Each of the commands described below is preceded by an opcode 
name, along with the digital code (in binary). 


CALEN 10110000 

CALEN (CALibration ENable) enables automatic background 
calibration cycling. In this mode, background calibration cycles 
are executed automatically whenever the ADI 170 is not otherwise 
occupied. If a command is received during a calibration cycle, 
that cycle will be aborted and the command will be executed. 

CALDI 10111000 

CALDI (CALibration Disable) disables automatic background 
calibration. After executing this command, the ADI 170 will be 
completely idle between commands. While in this state, a single 
calibration cycle may be invoked with the SCAL command. 

CNV 00001000 

CNV (CoNVert) causes a single conversion to be performed, 
using the current default integration time and data format. 

CNVP 00010C 2 CiCo 

CNVP (CoNVert using specific Preset time) causes a single 
conversion to be performed, using one of the eight preset inte- 
gration times as listed in Figure 10. The default integration time 
is not changed. The three bit code for the desired integration 
time is embedded in the lowest three bits of the co mm and code. 

ECAL 00011000 

ECAL (Electronic CALibration) causes an electronic calibration 
cycle to be performed. An external +5 volt reference voltage 
must be presented to the input before this command is executed, 
and the input must remain stable until the end of command 
execution is signaled by the BUSY line or the BUSY bit in the 
status word. The calibration data computed by this command is 
applied to all subsequent conversions, but is not made nonvolatile 
until a SAVA command is performed. 


MNEMONIC 

FUNCTIONAL DESCRIPTION 

EXECUTION TIME 
(APPROX) 

CNV 

Perform a Single Conversion Using the Default Integration Time 

T(int) + 3ms 

CNVP 

Perform a Single Conversion Using the Specified Integration Time 

T(int) + 3ms 

ELS 

Measure Period of Signal at the ELS Input 

2 x T(int) + 20ms 

ECAL 

Perform Electronic CALibration Routine 

1.5 seconds 

SDI 

Set Default Integration Time for Input Measurements 

150|xs 

SDC 

Set Default Calibration Period 

160, is 

SDF 

Set Default Data Format 

140 p.s 

RESA 

Restore All Nonvolatile Parameters from Memory 

2.3ms 

SAVA 

Save All Nonvolatile Parameters to Memory 

150ms 

WRNV 

Write a Word to the User EEPROM Area 

22ms 

RDNV 

Read a Word from the User EEPROM Area 

600 |xs 

EOI 

Clear the Data Ready Flag 

260ps 

SCAL 

Perform a Single Cal Cycle 

2xT(cal) + 9ms 

CALEN 

Enable Background Calibration 

300 |xs 

CALDI 

Disable Background Calibration 

31 Ops 

EIS 

Set Integration Time to Arbitrary Value 

130ps 

RST 

Reset AD1 170 to Power Up Conditions 

210ms 

NULL 

Measure the Offset Voltage Value at the AD1 170 Input and Store 

T(int) + 3ms 

NULEN 

Subtract NULL Measured Value from All Subsequent Conversions 

250fxs 

NULDI 

Cancel the Effect of the NULEN Command 

250 ps 


Figure 1 1. Synopsis of Commands 
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EOI 10001000 

EOI (End Of Interrupt) clears the DTA RDY bit in the status 
byte, as well as the DTA RDY line (Pin 10). It is provided as a 
means of clearing the interrupt source in systems which use an 
interrupt upon data ready. 

ELS 00100000 

ELS (External Line Sample) measures the period of the logic 
signal applied to the ELS input (Pin 12) 1 . This period is loaded 
into the register associated with the last entry of the table in 
Figure 10. Input conversions using this measurement as the 
integration period may be performed by invoking a CNVP 
command, or by setting the default integration period with the 
SDI command. This command is intended for use in environments 
with varying line power frequency; periodically invoking this 
command allows effective tracking for improved normal mode 
rejection. 

EIS 00101000 

EIS (External Integration Set) is used to establish an arbitrary 
integration period from 1 millisecond to 350 milliseconds. To 
use this command, first load the PARAMETER 1 and PARAM- 
ETER 2 registers with the 16-bit binary number N, which is 
calculated using the following expression: 

N = 2 16 - T(int)/2 1 .333E-6 

After the low and high bytes representing N are loaded into the 
PARAMETER 1 and PARAMETER 2 registers respectively, 
execute the EIS command. Once this command is executed, the 
externally loaded integration time can be used via the CNVP or 
SDI commands. 

RESA 01101000 

RESA (REStore All) restores all configuration parameters (default 
integration time, default calibration time, data format, EIS/ELS 
period, NULL value and electronic calibration data) from non- 
volatile memory. After executing this function, all parameters 
will be restored to their last value as saved by the SAVA com- 
mand. 

SAVA 01001000 

SAVA (SAVe All) saves all programmable attributes (default 
integration time, default calibration time, data format, EIS/ELS 
period, NULL value and electronic calibration data) into non- 
volatile memory. 

SDI 00111C2C 1 Co 

SDI (Set Default Integration time) sets the default integration 
time to one of the eight preset times listed in Figure 10. The 
three-bit code for the desired integration time is embedded in 
the lowest three bits of the command code. 

SDF 00110000 

SDF (Set Default Format) sets the default data format according 
to the five bit code loaded into the PARAMETER 1 register 
prior to execution of this command. The table in Figure 8 illustrates 
the construction of the five bit code according to the desired 
data format and resolution. 


SDC OIOOOC 2 C 1 C 0 

SDC (Set Default Calibration time) sets the default calibration 
time (Teal) according to the three bit code embedded in the 
lowest three bits of the command. The calibration times are 
shown in Figure 10. Note that the actual duration of a calibration 
cycle is approximately 2 x T(cal) + 9 milliseconds. 

WRNV IOOIIA 2 A 1 A 0 

WRNV (WRite Nonvolatile) writes the user supplied data, in 
the PARAMETER 1 and PARAMETER 2 registers, into the 
user accessible area of the ADI 170’s nonvolatile memory. Eight 
words of this memory are available, and are addressed by the 
lowest three bits of the command. 

RDNV 10100A 2 A 1 Ao 

RDNV (ReaD Nonvolatile) reads one word from the user ac- 
cessible portion of the nonvolatile memory within the ADI 170, 
and places the data into the LOW DATA and MID DATA 
registers for retrieval by the user. The address of the desired 
word is embedded into the lowest three bits of the command. 

RST 10010000 

RST (ReSeT) is effectively equivalent to a hardware reset of the 
ADI 170. After executing this command, all nonvolatile parameters 
(including the ECAL coefficient, the default integration and 
calibration periods, EIS/ELS period, NULL value and the 
default format) will be restored to their last saved values, automatic 
calibration will be enabled, and NULL will be disabled. 

NULL 01110000 

NULL measures the input signal (using the curent integration 
time value) and stores the measurement in internal RAM. It 
allows the user to establish the value of offset voltage at the 
input and subtract that offset from subsequent conversions 
through the execution of the NULEN command. The user must 
insure that the sum of the offset value plus the full scale input 
is less than the ±6 volts linear input range of the ADI 170. 
Ideally the offset value to be nulled should be no more than a 
few hundred millivolts in amplitude. The value measured by the 
NULL command is saved and restored by the SAVA and RESA 
commands - m aintainin g this value through subsequent powerups. 
The NULL command need only be invoked when a new null 
measurement is desired. 

NULEN 01111000 

NULEN (NUL1 ENable) subtracts the value, measured and 
stored by the last NULL command, from all subsequent con- 
versions. When NULEN is in effect, each conversion’s length 
will be extended by approximately 700 microseconds. 

NULDI 10000000 

NULDI (NUL1 Disable) cancels the effect of the NULEN 
command. 


SCAL 11000000 

SCAL (Single CALibration) performs a single background cali- 

bration cycle. This command is intended for use when auto- -This logic signal should be a TTL or CMOS compatible continuous 

mafic background calibration has been disabled via the CALDI waveform. It need not be symmetrical, but the HIGH or LOW time should 
command. n 0 t be less than 25 microseconds. 
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IBM PC INTERFACE 

Figure 12 is an example of an ADI 170/IBM interface suitable 
for the IBM PC or XT personal computers. In this case, the 
ADI 170 is interfaced in the I/O space; the DIP switch controls 
the specific location of the AD 11 70 within the available address 
space. 



INTERFACING TO AN 8051 MICROCONTROLLER 

Figure 13 shows how an ADI 170 may be interfaced to an 8051 
microcontroller using a technique commonly called “byte bang- 
ing”, where the control lines and data bus of a device are man- 
ipulated under firmware control. This “byte banging” technique 
can be adapted to most microprocessors and is useful in situations 
where a conventional bus structure is either nonexistent or 
unavailable for use. 1 

The AD1170’s data bus is connected to the 8051 using I/O lines 
P2.0 through P2.7. The address lines A0 and A1 are connected 
to I/O lines P1.0 and Pl.l respectively. The RD/ and WR/ lines 
are connected to PI. 2 and PI. 3. The CS/ line of the ADI 170 is 
grounded when it is the only device connected to the 805 1 , but 
multiple ADI 170s could easily be connected in the same way if 
each CS/ line were separately controlled. 



Figure 13. Simple 8051 to AD1 170 Interface 


To initialize the interface, first write “l”s to the port pins connected 
to the data bus and the RD/ and WR/ control lines. This puts 
the 8051 I/O lines into a lightly “pulled up” state, simulating a 
tri-stated condition on the bus to insure that neither RD/ or 
WR/ are selected: 


INIT: 

SETB 

PI. 2 

;DISABLERD/ 


SETB 

P1.3 

;AND WR/ 


MOV 

P2,#OFFH 

;SETP2 TO ALL ONES 


To write a command to the ADI 170, first set the state of the 
Pl.l and P1.0 lines for the address corresponding to the byte to 
be written to. Set the P2 port to the command data, then strobe 
the WR/ line by first clearing the PI. 3 line and then setting it: 


WRCMD: CLR 

P1.0 

;FIRST CLEAR A0 AND A 1 

CLR 

Pl.l 

;TO POINT TO CMD BYTE 

MOV 

P2, #CNV 

;CNV IS THE OPCODE FOR 
;A SINGLE CONVERSION 

CLR 

PI. 3 

; STROBE THE WR/ LINE 

SETB 

PI. 3 

;ONE TIME 

MOV 

P2,#OFFH 

;CLEAR DATA BUS TO 
;ALL ONES 

To read a byte from the ADI 170, 

first set the P1.0 and Pl.l 

lines to point to the address of the byte desired. Bring the RD/ 
line low, reading the contents of P2. Return the RD/ line high: 

RDSTAT: CLR 

P1.0 

;POINT TO STATUS BYTE 

CLR 

Pl.l 

J 

CLR 

P1.2 

;BRINGRD/ LINE LOW 

MOV 

A,P2 

;READ CONTENTS OF BUS 

SETB 

PI. 2 

;RESTORE RD/ LINE HIGH 


'Note that the 805 1 microcontroller does contain a conventional bus structure; 
the “byte banging” interface shown here is presented as an example of an 
alternative technique. 
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PRESSURE TRANSDUCER DATA ACQUISITION 

A two module solution for microcomputer biased data acquisition 
uses a 1B31 hybrid signal conditioner and an ADI 170 as shown 
in Figure 14. A 3 millivolt/volt pressure transducer (e.g., Dynisco’s 
800 series) is interfaced to a model 1B31 configured for a gain 
of 333.3, to provide a 0 to 5 volt output. The regulated excitation 
voltage is 5 volts, and is used as the reference input for the 
ADI 170 to produce ratiometric operation. This configuration 
yields very high CMR enhanced by the 1B31 low pass filter and 
the integrating conversion scheme of the ADI 170. 

In addition, fixed offsets caused by bridge imbalance can be 
nulled out by the ADI 170 with a power-up initialization command 
from the microcomputer (see COMPENSATION OF EXTER- 
NAL OFFSETS section). The full-scale output of the 1B31 and 
Transducer can also be normalized to ADI 170 full scale through 
the electronic calibration command ECAL. Both the offset and 
full-scale correction data can then be stored in nonvolatile memory 
to eliminate repeating this trim process after each power-up. 

The ADI 170 eliminates a potentiometer or software overhead 
which might otherwise be needed for these functions. 



• USE 1 0ppm/°C GAIN RESISTOR FOR LOW GAIN TEMPCO 

Figure 14. Pressure Transducer Data Acquisition Using 
1B31 and AD1 170 


AC5004 

. . . an IBM PC/XT/AT Compatible Evaluation Board for the AD1 170 


FEATURES 

Compatible to the IBM PC/XT/AT or Equivalent 
Menu-Driven Demonstration Software 
Input Mating Connector 
Full Documentation 
Example Listings of BASIC Programs 
Schematic 
Assembly Drawing 

Complete Set of Tools to Evaluate an AD! 170 
A/D Converter 

GENERAL DESCRIPTION 

The AC5004 was designed as a support tool to enable the user 
to easily and quickly evaluate Analog Devices’ AD 11 70 high- 
resolution programmable integrating A/D converter. The ADI 170 
is inserted directly into an AC5004 board which is designed to 
plug into the backplane of an IBM PC/XT/AT. Thus, armed 
with an IBM PC, an ADI 170, and an AC5004 evaluation board, 
the user is fully prepared to examine the operation of the 
ADI 170. 

A User’s Manual provides all the information required to put 
the AC5004/AD1170 evaluation process into operation. In the 
manual are full descriptions of the AC5004 memory address and 
power source selection jumpers as well as a schematic documenting 
the interface of the ADI 170 to a computer bus. 

The package also contains a comprehensive demonstration program 
written in BASIC that completely exercises all the functions of 
the ADI 170. The AC5004 is an accessory that will make readily 
available to the user all the tools needed to comprehensively test 
the ADI 170. 


PRODUCT HIGHLIGHTS 

1. AC5004 plugs directly into IBM PC/XT/AT or compatibles. 
Standard short slot card size (5 7/8" x 5" x 1"). 

2. The AC5004 enables the user to evaluate the AD 11 70 high- 
resolution, programmable, integrating A/D converter without 
having to build a bread-board or prototype. 

3. The evaluation boards come complete with software and 
programming examples designed to exercise all of the ADI 170’s 
functions. 

4. AC5004 schematic and assembly drawings are provided to be 
used as examples of how to interface the ADI 170 to a micro- 
processor bus. 

Please note: 

Order AC 5004 (does not include ADI 170). 
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ANALOG 

DEVICES 


High Accuracy, 22-Bit 
Integrating A/D Converter 


AD1175K 


FEATURES 

High Resolution: 22 Bits 
Wide Dynamic Range: 133 dB 
Low Nonlinearity: 

Integral: ±0.5 ppm max 
Differential: ±0.5 LSB max 
High Stability: 

Gain: ±1 ppm/°C max 
Zero: ±0.5 mV/°C max 
INL: ±0.01 ppm/°C 
DNL: ±0.0025 ppm/°C 

High Throughput Rate: 20 Conversions/Second 
Microprocessor Compatible Interface 
Compact Modular Package 

APPLICATIONS 

Data Acquisition Systems 

Scientific Instruments 

Medical Instruments 

Weighing Systems 

Automatic Test Equipment 

Test and Measurement Equipment 


GENERAL DESCRIPTION 

The ADI 175 is a very high resolution integrating A/D converter 
intended for applications that require the highest possible accu- 
racy without sacrificing conversion speed, board space or modest 
pricing. This converter provides the performance of large bench- 
top or rack mount instruments in a compact, modular package. 

The ADI 175 utilizes an auto-zeroed, multislope, integrating 
principle that features 22-bit resolution with extremely low non- 
linearity (Integral: ±0.5 ppm max and Differential: ±0.5 LSB 
max). Temperature stability is specified at ±0.5 ppm/°C maxi- 
mum for gain (exclusive of reference), ±0.5 (xV/°C maximum 
for zero, ±0.01 ppm/°C for integral nonlinearity, and 
±0.0025 ppm/°C for differential nonlinearity. 

The integration time is user selectable for maximum, line fre- 
quency noise rejection at either 60 Hz or 50 Hz. The conversion 
rate is 20 or 16 per second respectively, which is many times 
faster than benchtop instruments of similar performance. 

The nominal full-scale input range is ±5 V; however, rated 
accuracy is specified for inputs up to 10% over nominal, yield- 
ing a total dynamic range of greater than 4.6 million to 1. The 
analog input is a high impedance, high CMRR, true differential 
input pair. The input low operates within ± 100 mV of analog 
ground and is used to sense signal low (at the source) to mini- 
mize ground loop problems. 

The output of the ADI 175 consists of four addressable 8-bit 
bytes (STATUS and 3 DATA) presented at an 8-bit tri-stated 
port with standard chip select. 


AD1175K FUNCTIONAL BLOCK DIAGRAM 



Several modes of operation are available and allow writing to 
one of several addressable locations to program gain and offset, 
or to initiate a conversion. 

The ADI 175 requires no external components and operates 
from ±15 V dc and +5 V dc power. All digital inputs and out- 
puts are LSTTL compatible. The 3.7" x 5.2" x 0.53" metal 
case package provides excellent electrostatic and electromagnetic 
shielding. 

PRODUCT HIGHLIGHTS 

1 . The unparalleled dynamic range, accuracy, linearity and sta- 
bility of the ADI 175 represent a breakthrough for an A/D 
converter offering small size and modest cost. Only large, 
expensive benchtop meters offer similar performance. 

2. The AD 11 75 converts approximately ten times as fast as digi- 
tal meters with like performance. 

3. The microprocessor interface of the AD 11 75 provides for 
straightforward operation, but with the features required for 
optimum system performance. Simple commands control off- 
set adjust, gain adjust, external offset null and initiate con- 
versions. The output bytes indicate input polarity, off-scale 
condition and a variety of additional status information. 

4. The AD 11 75 is a complete A/D converter including a preci- 
sion internal reference, clock and integration capacitor. Off- 
set and coarse gain adjust are bus controlled, while user 
accessible trim potentiometers allow fine gain adjust and 
±full scale balance adjust. 

5. Conversions may be made using either the offset and coarse 
gain settings stored in internal nonvolatile memory, or new 
settings made via the bus. The nonvolatile memory may be 
updated on command with the new settings. 
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SPECIFICATIONS (typical @ +25°C, V s = ±15 V, V D 


Model 

AD1175K 

RESOLUTION 

22-Bits + 10% Overrange 


(4,600,000 Counts) min 

DYNAMIC RANGE 

133 dB 

ACCURACY 


Integral Nonlinearity 1 

±0.5 ppm FSR 2 , max 

Differential Nonlinearity (@ 22 Bits) 

±0.5 LSB, max 

Total Noise (Ref to Input, 95% Confidence) 

5 |xV p-p max 

STABILITY 


Gain TC (Excluding Reference) 

± 1 ppm RDG/°C, max 

Zero TC 

±0.5 |xV/°C, max 

Integral Nonlinearity TC 

±0.01 ppm FSR 2 /°C 

Differential Nonlinearity TC 

±0.0025 ppm FSR 2 /°C 

POWER SUPPLY REJECTION RATIO (±15 V) 

±5 ppm FSR 2 /V 

WARMUP TIME 


Relative Accuracy (for Rated Performance) 

15 Minutes 

Full Rated Performance 

45 Minutes 

REFERENCE 


External Reference In 


For Rated Performance 

+6.95 V ±2% 3 

Maximum Input (Operating Only) 

+9.6 V 

Reference Output 


Voltage 

+6.95 ±2% 

Output Resistance 

250 ft 

Temperature Coefficient 

±0.4 ppm/°C (±0.8 ppm/°C, max) 

Drift with Time 4 


1st 15 Days Operating 

± 1 ppm/Day 

After 15 Days Operation 

±25 ppm V1000 hrs., max 

Noise, 0.01 Hz to 10 Hz (95% Confidence) 

1 ppm p-p, max 

User Reference Output 


Gain (Referred to Reference In) 

1.000 to 1.012 5 

Current 

±2 mA, max 

Stability: Temperature Coefficient 

±1 |xV/°C, max 

THROUGHPUT RATE 6 


(d> Integrate Time of 1/30 sec (60 Hz) 

20 conversions/sec 

@ Integrate Time of 1/25 sec (50 Hz) 

16 conversions/sec 

ANALOG INPUT CHARACTERISTICS 


Voltage Range 7,8 

±5 V Bipolar 

Max Vi N H (at Input Hi, Without Damage) 

±12 V 

Max V in L (at Input Lo, Without Damage) 

±3 V 

Max V 1N LR (Input Lo, for Rated Performance) 

±100 mV 

Input Resistance (Input Hi, or Input Lo) 

1000 Mft 

Input Bias Current, Input Hi or Input Lo 


( + 10°C to +50°C) 

±10 nA, typ, ±40 nA max 

Input Bandwidth 9 


Small Signal 

2.0 MHz 

Large Signal 

150 kHz 

CMRR at dc to 60 Hz 

80 dB, min 

ADJUSTMENTS 


Offset (Programmable) 


Range 

±75 mV 

Resolution 

1 LSB Steps 

Gain-Coarse (Programmable) 8 


Range 

<4.7V to >5.6 V 

Resolution 

0.009% Steps 

Gain-Fine Range 5,8 

±0.006% FS 

Gain-Balance (±Full Scale) Range 5 

±0.005% FS 

DIGITAL LEVELS 


Inputs 


Low 

0.8 V max 

High 

2.0 V min 

Outputs 


Low (@ 4 mA) 

0.45 V max 

High (@ 100 |xA) 

2.4 V min 

POWER REQUIREMENTS 


Supply Voltages (for Rated Accuracy) 


±v s 

±15 V (±0.3 V each) 

+V D 

+ 5 V (-0.2 V to +0.4 V) 

Supply Current Drain 


@ ±15 V 


After Warm-Up 

+ 55 mA, -70 mA 

During Warm-Up 

150 mA 

@ +5 V 

175 mA 

ENVIRONMENTAL 


Rated Performance 

10°C to +50°C, 70% RH 

Operating 

0 to +70°C 

Storage 

-25°C to +70°C 

MECHANICAL 


Size 

3.7" x 5.2" x 0.53" max 

Shielding 

Electrostatic, 6 Sides 


Electromagnetic, 5 Sides 

Weight 

170 grams 


= +5 V unless otherwise specified) 


NOTES 

'integral Nonlinearity is specified over the entire input span (NOMINAL FULL-SCALE + 10% Overrange). 

It is specified using the “End Point” definition, where the error is measured after removing the offset error and 
the gain errors at plus and minus full scale. 

2 FSR means Full Scale Range which = 10 volts. 

^Single ended, ground referred. 

* Average trend line. 

Adjustment is performed via user accessible 10-tum trim potentiometer. 

^Integration Time is selectable to either 1/30 sec for 60 Hz rejection, or 1/25 sec for 50 Hz rejection. 

7 The Nominal Analog Input Voltage Range is ±5V, but the AD1175 may be calibrated for input voltages from 
±4.7 V to ±5.6 V and maintain specified accuracy over the entire range, including a 10% on-scale overrange. 
Therefore, input voltages of up to ±6.16 V will be accurately converted when calibrated for ±5.6 V Nominal input. 
^Converter section GAIN is digitally adjustable, via the data bus, in steps of 0.009% from <4.7 to >5.6V FS. 

A user accessible 10-turn trim potentiometer is also provided for fine GAIN adjust (±0.006% range). 

All units are factory calibrated for ±5 V Nominal Full Scale to within ±50 p.V. 

9 Input Bandwidth specifications are for true integration without clipping. 

Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


^ NONCONDUCTIVE LABEL 


-rf- 


- 0.025 (0.6) SQ. PIN 
HALF-HARD BRASS 
GOLD PLATED (MIL-G-45204) 


2 


0.530 (13.5) 
MAX 



ASSEMBLY INSTRUCTIONS 

CAUTION: This module is not an embedded assembly and is not hermeti- 
cally sealed. Do not subject to a solvent or water- wash process that would 
allow direct contact with free liquids or vapors. Entrapment of contaminants 
may occur, causing performance degradation and permanent damage. Install 
after any clean/wash process and then only spot clean by hand. 


PIN DESCRIPTIONS 


PIN 

SIGNAL 

DESCRIPTION 

4 

CONVCMD 

External Convert Command 

5 

RESET 

Reset Internal Microcomputer Following Power-Up 

6 

60Hz/50Hz 

When Set Low, Integration Time is 1/25 sec 

When Set High, Integration Time is 1/30 sec 

7 

DO NOT CONNECT 

Used Only for Factory Test 

8 

+ 5V 

Digital Power Supply 

KXQi 

DIGGND 

Digital Ground (Both Pins are Tied Together Internally) 

MDSEfl 

DB0-DB7 

Bidirectional Data Bus (LSB-MSB) 

19 

A0 


20 

A1 

Address, BitOne 

21 

RD 

READ 

22 

WR 

WRITE 

23 

CS 

CHIP SELECT 

24 

BUSY 

BUSY, Responding to a Bus Command 

25 

DATA RDY 

DATA READY 

48,49 

± 15V RTN & GND 

Analog Power Ground and Case (Tied Together Internally) 

58 

ANAINLO 

Analog Input, Low 

59 

ANA IN HI 

Analog Input, High 

61 

-15V 

Negative Analog Power Supply 

62 

SIGNAL RTN 

Signal Return (Non-Current Carrying Ground) 

63 

+ 15V 

Positive Analog Power Supply 

64 

USER REF OUT 

Buffered Output of Reference at REF IN 

65 

REF IN 

Reference Input, Normally Connected to REF OUT 

66 

REF OUT 

Internal + 6.95V Reference Output, Unbuffered 
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SAMTEC Part Number SSQ-122-03-G-S (2 Each Required 
Per AD1175) 

Available direct from the manufacturer or through distributors. 



0.025 (0.64) SQ. -4«- 

NOTE " 

0.025 (0.64) SQUARE SOCKET STRIP. 22-PIN POSITIONS 
GOLD PLATED CONTACTS AND PINS. BODY IS MOLDED 
DUPONT RYNITE PET POLYESTER. 

ARCHITECTURAL OVERVIEW 

The ADI 175 is a complete, precision analog-to-digital converter. 
It consists of three major elements: a linearized, auto-zeroed 
integrator, a single-chip microcomputer, and a custom CMOS 
controller/bus interface chip. (See Figure 1 AD 11 75 Functional 
Block Diagram.) 



Figure 1. AD1 175 Functional Block Diagram 

The conversion process is similar to the classic dual- slope tech- 
nique, where the input signal is integrated during a whole num- 
ber of line cycles (for line noise rejection) and then a digital 
measurement is made of the time required for a known refer- 
ence voltage to drive the integrator output back to zero (i.e., to 
zero charge). Since the process begins with zero charge in the 
integrator, and also ends there, we can express this function as 
follows: 

CHARGE IN = CHARGE OUT 
WHERE CHARGE = 

J »Tsig pT REF 

V s .g dt = -L_ I Vref dt 

o n INT Jo 

n^siG 

OR . . . J V S ,G dt = V REF x T ref (SINCE V REF = CONSTANT) 


OR... V slG dt 

*££= = AVG. [V SIG ] = ■ — * 

'SIG Tciq 


AVG. [V SIG ] _ T, 


= W | WHERE T r 
Tsig fV REF & T SIC 


: F IS MEASURED AND 
ARE CONSTANT 


Therefore, the ratio of the signal measured (its average value) to 
the reference voltage, is equal to the ratio of the measured time 
(to force the integrator back to zero charge) to the signal inte- 
gration time (which is held constant). 

The AD 11 75 repeats the above sequence ten times during the 
first 33-1/3 milliseconds of each conversion for a 60 Hz integrate 
selection (40 milliseconds for a 50 Hz integrate selection). The 
10 individual readings together with the result of a final, slow 
(about 6 ms) vernier reference integration are summed. The 
numeric result is then placed in the addressable output latches 
and DATA is indicated as AVAILABLE. During the next ten 
milliseconds, the integrator is reset and AUTO-ZERO nulls out 
offset errors in preparation for the next conversion. 

The device status is indicated by the addressable STATUS byte 
(busy, converting, data available, etc.). DATA READY and 
BUSY are also indicated by logic levels at Pins 25 and 24, 
respectively. 

SIGNAL INPUT CONNECTIONS 

The ANA IN HI and ANA IN LO pins comprise a true, high- 
impedance, high CMRR, differential input pair. ANA IN LO 
must be within ±100 mV of SIGNAL RTN (Pin 62). The ANA 
IN LO pin is used to remote sense the source low (ground) to 
minimize system ground current related errors. Both HI AND 
LO SIGNALS MUST HAVE A BIAS CURRENT PATH BACK 
TO SIGNAL RTN. Figure 2 details the proper connections. 



NOTES 

1 . BOTH HIGH AND LOW SIGNALS MUST HAVE A BIAS CURRENT PATH BACK TO GROUND 
AT THE AD1 1 75. "ANA IN LO" SHOULD REFERENCE TO GROUND (SIGNAL RTN) AT THE 
SIGNAL SOURCE, VIA A MINIMUM OF RESISTANCE. 

2. "DIGGND" AND " ± 15V RTN & GND" ARE STAR CONNECTED WITHIN THE CONVERTER, 

AND INTENDED TO BE SEPARATE OUTSIDE OF THE CONVERTER. HOWEVER, IF ± 15V 
AND + 5V POWER SHARE A SINGLE COMMON RETURN. THEN THAT COMMON MUST BE 
CONNECTED TO THE " ± 15V RTN & GND" PIN WHICH MUST BE CONNECTED VIA 
HEAVY COPPER TO THE "DIG GND" PIN. "SIGNAL RTN" (PIN 62) IS THE "NON- CURRENT 
CARRYING" GROUND, ONLY TO BE USED AS SHOWN AND AS GROUND REFERENCE FOR AN 
EXTERNALLY SUPPLIED REFERENCE SOURCE. 

Figure 2. AD1 175 Bus Driven interface 

Printed circuit board layout should insure that both analog 
inputs (Pins 58 and 59) are guarded by copper which is tied to 
SIGNAL RTN (Pin 62) on the front and back of the board. 

Note that an offset error of up to one LSB per 120 G of source 
impedance can occur, due to input bias current, which may 
approach 20 nA at elevated temperatures. 


Principle of Dual-Slope Conversion 
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REFERENCE CONNECTIONS 

A very stable 6.95 V ±2% internal reference is filtered and 
brought out to REF OUT (Pin 66) of the converter. This output 
should be tied to REF IN (Pin 65) to accomplish the specifica- 
tions for initial absolute accuracy. REF OUT is a high imped- 
ance output and should not be loaded in any way other than by 
REF IN (Pin 65). A buffered version of the reference applied to 
REF IN, and that which is used by the converter, is available at 
USER REF OUT (Pin 64). 

When making ratiometric measurements, where the source exci- 
tation is derived from the converter reference, use the reference 
signal present at USER REF OUT (Pin 64). The load applied to 
Pin 64 should not exceed two milliamps. If an external reference 
source is to be used, it should be applied to REF IN (Pin 65). 

POWER SUPPLIES AND GROUNDS 

The power supply pins are all well bypassed internally to their 
respective common or ground pins. The converter is very toler- 
ant of dc and low frequency noise (^100 s of Hz) on any of the 
supplies, as evidenced in the power supply rejection specifica- 
tions. High frequency noise (^1 MHz) in excess of 10 mV on 
the ±15 V supplies could, however, degrade the converter’s 
performance. 

To avoid large, digital-rate, circulating ground currents, the sys- 
tem’s analog supply common and that of the digital supply 
should be kept separate and then tied together at the converter 
by a heavy track (to supplement that which is internal to the 
converter) from ±15 V RTN & GND (Pins 48 and 49) to DIG 
GND (Pins 9 & 10). 

If the logic supply and analog supply share a single common, 
then that common should be brought to ±15 V RTN & GND 
(Pins 48 and 49) and then from these pins a heavy track should 
be run to DIG GND (Pins 9 & 10). 

RESET (Pin 5; Input) 

After power-up and before access may be made to the converter, 
a reset of the internal microcomputer must be accomplished. 

The RESET (Pin 5) may be driven from an external source, 
such as may exist in most computer-based systems, or it may be 
connected to a simple RC circuit which will automatically gener- 
ate a reset sequence upon power-up. See Figure 2 for the recom- 
mended circuit. 

When driven from an external source, RESET must be held 
high for a minimum of 3 microseconds, but must not terminate 
before the +5 V logic supply and the ±15 V analog supply have 
been stable (>+4.7 V, and >±11 V) for 300 microseconds. 

60 Hz/ 50 Hz (Pin 6; Input) 

Pin 6 of the module selects either 33-1/3 milliseconds or 40 mil- 
liseconds for the signal integration time. This input is internally 
pulled up to 5 V via 10 kll and may be left open for 60 Hz nor- 
mal mode rejection. The pin should be connected to Digital 
Ground for operation in a 50 Hz line frequency environment. 

CONV CMD (Pin 4; Input) 

A negative logic transition on this input causes a MODCON 
conversion to occur (see CALIBRATION section). A minimum 
hold time of 1.5 |xs is required at both the High and the Low 
states, to operate properly. The BUSY output (Pin 24) will not 
respond, and BUSY (Bit 0) of the STATUS word will not be 
indicated, but all other bits of the STATUS word will be active. 
DATA RDY (Pin 25) will occur per Figure 8. 

This input is provided to allow externally triggered conversions 
which will use the temporarily programmed gain and offset val- 
ues (or the start-up defaults if no changes have been made). 


DATA RDY (Pin 25; Output) 

This signal will go to logic “1” when any conversion’s new data 
has become stable in the output latches. It will remain high for 
the duration of the auto-zero phase (about 10 milliseconds) and 
go low at the end of that phase (at the end of BUSY). 

BUSY (Pin 24; Output) 

When a COMMAND byte is written to the microprocessor com- 
patible port, this line is set low and remains low for the duration 
of the converter’s response to that command. It is the opposite 
state of the BUSY bit within the STATUS byte. 

THE BUS INTERFACE 

The AD1175’s 8-bit microprocessor-compatible interface consists 
of an 8-bit, latched ,tri-stated, bidirectional port and its associ- 
ated_control lines: Chip Select (CS), READ (RD), WRITE 
(WR) and two address bits (A1 and A0). Timing requirements 
for the bus interface are shown in Figure 3, and the operation of 
the interface is shown in Figure 4. 
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PARAMETER 

DESCRIPTION 

MIN 

MAX 

UNITS 

tWR 

WR Pulse Width 

0.1 

20 

ps 

tcSWL 

Chip Select to WR Low 

0 


ns 

tcHS 

Chip Select Hold Time 

0 


ns 

tAS 

Address Setup time 

10 


ns 

»AH 

Address Hold Time 

0 


ns 

tos 

Data Setup Time 

-CO 

5 

|1S 

tDH 

Data Hold Time 

20 


ns 


Write Cycle Timing Requirements 
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PARAMETER 

DESCRIPTION 

MIN 

MAX 

UNITS 


RD Pulse Width 

150 


ns 

tcSRL 

Chip Select to RD Low 

0 


ns 

tcHS 

Chip Select Hold Time 

0 


ns 

»AS 

Address Setup Time 

10 


ns 

tAH 

Address Hold Time 

0 


ns 

tDAV 

Data Valid Time 


100 

ns 

tDH 

Data Hold Time 


80 

ns 


Read Cycle Timing Requirements 


Figure 3. Interface Timing Requirements 
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Figure 4. Bus Control Functions 
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MSB LSB 
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Figure 5. Data Format 


OUTPUT DATA FORMAT 

The result of a conversion is made available in three 8-bit bytes 
(addressed as shown in Figure 4). The numeric result is pre- 
sented as an offset binary number, where the offset value is 
equal to 2e22 (40,00,00 Hex), i.e., zero volts input yields this 
numerical output. Therefore, the nominal plus and minus full 
scale are 2e22 ±2e21, or 60,00,00 Hex and 20,00,00 Hex, 
respectively. For inputs greater than approximately 1.3x nomi- 
nal full scale, the converter will indicate an overload error (Bit 5 
of the STATUS byte) and will also flag the occurrence by forc- 
ing all “Is” in the conversion result, i.e., FF,FF,FF Hex. Bit 
23 (MSB) cannot be a “1” for any legitimate conversion result, 
so that bit is used to flag an overload. The data format is 
depicted in Figure 5. 

COMMAND BYTE 

The COMMAND BYTE allows eight different instructions to 
be given. Five of these will require that a parameter be loaded 
into the PARAMETER* register prior to writing the command 
register. The commands are written at address 00 (ADDRESS 
lines A1 and A0, Pins 20 and 19, respectively) while a parameter 
is written to address 01. See Figure 4 for Bus Control Func- 
tions. Figure 8 details command timing requirements. 

The commands are described below, preceded by an opcode 
name and the digital code (in hex). Figure 6 summarizes each 
command and its execution time. 

DEFCON [00] 

DEFault CONversion initiates a conversion, using the gain and 
offset values which are stored in the nonvolatile memory (power- 
up defaults). 

MODCON [01] 

MODified CONversion initiates a conversion using the gain and 
offset values which have been modified (since power-up) as in 
commands 02 through 07 below. 

NEWOS [02] 

NEW OffSet subtracts the result of the last conversion from all 
subsequent MODCON conversions, i.e., acquire a new system 
offset. The maximum range of this offset is 65,536 codes 
(= ±75 mV). Attempts to acquire an offset outside of this range 
will be ignored and BIT 5 and BIT 6 (Overload and command 
byte ERRor) will be set in the STATUS byte. 

INCROS [03] 

INCRease OffSet alters the offset (in LSBs) used by MODCON 
in the positive direction by a number between zero and 255 (dec- 
imal), which has already been written to PARAMETER*. 

*The PARAMETER register retains the last word written to it. Any subse- 
quent commands will repeatedly use that PARAMETER until it is updated. 


This may be performed repeatedly until a maximum offset of 
+75 mV has been reached, as indicated by an Overload/BIT 5 
response in the STATUS byte. 

DECROS [04] 

DECRease OffSet alters the offset (in LSBs) used by MODCON 
in the negative direction by a number between zero and 255 
(decimal), which has already been written to PARAMETER*. 
This may be performed repeatedly until a maximum offset of 
—75 mV has been reached, as indicated by an Overload/BIT 5 
response in the STATUS byte. 

INCGAN [05] 

INCrease GAiN by Nx 0.01%, where N (a decimal number 
between 0 and 255) has already been written to PARAMETER*. 
This may be performed repeatedly until a maximum gain 
(<4.7 V full scale) has been reached, as indicated by an Over- 
load/BIT 5 response in the STATUS byte. Further INCGAN 
commands will have no other effect. 

DECGAN [06] 

DECrease GAiN by Nx 0.01, where N (a decimal number 
between 0 and 255) has already been written to PARAMETER*. 
This may be performed repeatedly until a minimum gain (>5.6 V 
full scale) has been reached, as indicated by an Overload/BIT 5 
response in the STATUS byte. Further DECGAN commands 
will have no other effect. 

UPDATE [07] 

Takes the current modified gain and offset values and writes 
them to nonvolatile memory as the new start-up defaults. To 
enable this function, decimal 165 (A5 in hex) must first be 
loaded into PARAMETER* - failure to do so will result in an 
ERRor (BIT 6) response in the STATUS byte. 


Note: Codes other than 00 through 07 will do nothing, except cause an 
ERRor (BIT 6) response in the STATUS byte. 


MNEMONIC 

FUNCTIONAL DESCRIPTION 

EXECUTION TIME 
(APPROXIMATE) 

DEFCON 

Initiate a Conversion Using the Power-Up 
Default Offset and Gain 

50ms 

MODCON 

Initiate a Conversion Using the Modified Offset 
and Gain Values 

50ms 

NEWOS 

Subtract System Offset (Last Conv. Result) from 
All MODCON Conversions 

120ps 

INCROS 

Increase the Offset Used by MODCON 
Conversions 

IIOps 

DECROS 

Decrease the Offset Used by MODCON 
Conversions 

11 Ops 

INCGAN 

Increase the Gain Used by MODCON 
Conversions 

135ps 

DECGAN 

Decrease the Gain Used by MODCON 
Conversions 

135ps 

UPDATE 

Write Most Recent Modified Offset & Gain 
Values to Nonvolatile Memory 

48ms 


Figure 6. Synopsis of Commands 
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THE STATUS BYTE 

The STATUS byte contains eight bits of information about the 

current status of the AD 11 75. This byte may be examined by 

the host processor at any time. The individual bits in the status 

byte are assigned the following functions: 

BIT 0 The BUSY bit is always set when the COMMAND 

BYTE is written, and cleared when the in itiated routine 
has terminated. BUSY is also indicated at BUSY (Pin 24) 
of the module. 

BIT 1 The CONVerting bit is set when the converter is in the 
active process of converting and computation. It is initi- 
ated by writing DEFCON or MODCON to the 
COMMAND-BYTE, or by a negative transition at 
CONV CMD (Pin 4). 

BIT 2 The Data Available bit indicates that a new conversion is 
complete and the result is in the output latches. This bit 
* sets to “1” at the conclusion of the converting process 
and remains “1” for the remainder of the minimum 
AUTO-ZERO time (about 10 milliseconds). It is reset to 
“0” at the end of BUSY. 

BIT 3 The MODified bit, when set to “1,” means that modi- 
fied gain and offset values are being used for the current 
conversion; i.e., a conversion initiated by MODCON or 
an external signal at CONV CMD (Pin 4). 

BIT 4 The VALue bit responds to COMMANDS 02 through 
07 by setting to “1” at the end of BUSY, and remains 
until the next write to the COMMAND byte. This bit 
signals that a gain or offset value used by MODCON has 
been altered, or that the current MODCON gain and 
offset values have been loaded to nonvolatile memory as 
the new power-up defaults. 

BIT 5 The Overload bit will be set following any conversion 
where the integrator has been exposed to an overload 
voltage. Following commands 03 through 06, it indicates 
that a parameter (gain or offset) has been incremented to 
its maximum or minimum possible value (note that fur- 
ther attempts to increment that parameter will not cause 
an overflow or underflow). Also, following NEWOS (02) 
command, this bit implies that an attempt was made, 
and ignored, to acquire an offset outside of the allowable 
range of ±75 mV. 

BIT 6 The ERRor bit indicates one of the following: /. A 

COMMAND-BYTE was written which was not within 
the allowable range of 00 to 07. 2. An update (07) com- 
mand was attempted without the KEY number (165 dec- 
imal) having first been written to PARAMETER at 
ADDRESS 01. 3. A NEWOS (02) command was 
attempted for a value outside the permissible range of 
±32,768 codes (>75 mV) from zero. 

BIT 7 The WaRMUP bit flags the three second time-out taken 
by the converter following RESET, to allow the refer- 
ence and auto-zero circuits to settle. The converter will 
not convert during this time. 


B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

WRMUP 

ERR 

l ° L 

VAL 

MOD 

DAV 

CONV 

BUSY 


Figure 7. The Status Byte 


CALIBRATION 

The AD 11 75 is factory calibrated for plus and minus full scale 
(2e21) to be within ±50 |xV of five volts, absolute. Since the 
converter will operate within specifications for inputs up to ten 
percent over nominal full scale, those inputs between ±5.5 V 
will be converted accurately. (See Figure 9 for typical linearity 
vs. input voltage.) 

To correct for system offset voltage (particularly larger offset 
voltages - up to ±75 mV) the NEWOS (03) command subtracts 
the result of the last conversion from all subsequent MODCON 
conversions. If source noise is a concern when making the offset 
adjustment, follow a single NEWOS command with multiple 
MODCON conversions, average the results and adjust offset 
incrementally using the INCROS (03) or DECROS (04) 
commands. 

The INCGAN 05 and DECGAN 06 commands are the coarse 
gain increment and decrement controls, respectively. The mini- 
mum gain attainable will require greater than 5.6 V to achieve a 
full-scale output. At maximum gain, less than 4.7 V will be 
required to yield a full-scale indication. The user accessible 
GAIN ADJ potentiometer is the vernier, or fine gain trim (10 
turns, with a total adjustment range of about ±0.006 FS). 

The modified offset and gain resulting from commands 02, 03, 
04, 05 and 06 are used only when conversions are initiated by 
MODCON (command 01), or conversions triggered by a nega- 
tive logic transition at the CONV CMD (Pin 4 of the converter). 
This pin requires a minimum hold time of 1.5 |xs at both the 
High and the Low states in order to operate properly. 

The GAIN ADJ potentiometer changes the overall gain for both 
positive and negative inputs. The BAL ADJ potentiometer 
changes the gain for positive inputs only and allows setting of 
plus and minus full-scale tracking to within ± 1 ppm. 

To Calibrate the AD1175: 

1 . Attach a calibration source and set its output to zero volts. 

2. Perform MODCON conversions and null out any observed 
offset (via external computation, or by executing one or more 
of the AD1175’s offset controlling commands: INCROS, 
DECROS and NEWOS). 

3. Set the GAIN ADJ potentiometer fully clockwise (10 turns, 
i.e., maximum gain). 

4. Apply a negative full-scale calibration voltage (-4.7 V to 
-5.6V). 

5. Using the INCGAN or DECGAN command, coarse adjust 
the gain such that a subsequent MODCON conversion yields 
a result just larger than minus full scale. In other words, a 
subsequent DECGAN by 01 would just yield a result that is 
less than or equal to minus full scale. 

6. Adjust the GAIN ADJ potentiometer to yield the precise 
value desired by turning counterclockwise and observing con- 
version results. When the correct gain is reached, rotate the 
potentiometer about 3 degrees in the opposite direction to 
remove the tension from its wiper. 

7. Switch the polarity of the calibration source to positive. 

8. Adjust the BAL ADJ potentiometer to yield the same gain as 
that achieved in Step 6 above. 

9. Save the new offset value and coarse gain value, if you want 
them to become the power-up defaults, by performing 
UPDATE (Command 07). 

Note: See the COMMAND BYTE section for details of com- 
mand operation. 
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AD1175K 



J If Conversion Uses 
] MODified Parameters 


j If the Analog Input 
1 Is Too Large 


J If There is a 
j Command Error 


a. COMMAND BYTE Initiated Conversion 



VAL 

OL 


J If Value is Changed 
1 totheMAX/MIN 


If NEW Offset 
I Is >±75mV 


•NOTE : COMMAND WRITE Always Causes Rewrite of the Entire STATUS Byte. 
For Example : If the Overload Bit (OL) is Set as the Result of a Conversion, 

It Will Remain Set in the STATUS Byte Until the Next COMMAND WRITE. 


b. COMMAND BYTE Initiated Change to Gain and/or 
Offset 



c. CONVERT COMMAND (Pin 4) Initiated Conversion 


Figure 8. Command Timing Requirements 



* INPUT VOLTAGE «► 


•OVERLOAD CONDITION IS INDICATED BY BIT 5 OF THE STATUS BYTE 
AND A "1" IN BIT 23 OF THE OUTPUT DATA BYTE. 


Figure 9. Typical Linearity Transfer Function 


FACTORY TESTING 

Each AD 11 75 converter is factory calibrated via test apparatus 
designed and constructed by Analog Devices. The heart of the 
test system is a digitally programmable voltage reference capable 
of sub-ppm accuracy and stability. Calibration of the test system 
is verified daily using the highest precision instruments commer- 
cially available, e.g., FLUKE* model 720A Kelvin Varley volt- 
age divider (accurate to within ±0.1 ppm 1 ) and model 7 32 A dc 
secondary voltage standard (accurate to within ±1.5 ppm of the 
international volt 1 ). 

IBM PC INTERFACE 

Figure 10 is an example of an ADI 175/IBM interface suitable 
for the IBM PC, XT or AT** personal computers. In this case, 
the ADI 175 is interfaced in the I/O space; a DIP switch con- 
trols the specific location of the ADI 175 within the available 
address space. 



Figure 10. AD 11 75 to IBM PC/XT/AT Interface 

*FLUKE is a registered trademark of John Fluke Manufacturing 
Company, Inc. 

**IBM PC/XT/AT is a trademark of International Business Machines Corp. 
‘Traceable to the NATIONAL BUREAU OF STANDARDS. 
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INTERFACING TO AN 8051 MICROCONTROLLER 

Figure 11 shows how the AD 1175 may be interfaced to an 8051 
microcontroller using a technique commonly called “byte 
banging,” where the control lines and data bus of a device are 
manipulated under firmware control. This “byte banging” tech- 
nique can be adapted to most microprocessors and is useful in 
situations where a conventional bus structure is either nonexist- 
ent or unavailable for use. 1 

The AD1175’s data bus is connected to the 8051 using I/O lines 
P2.0 through P2.7. The address lines AO and A1 are connected 
to I/O lines P1.0 and Pl.l respectively. The RD/ and WR/ lines 
are connected to PI. 2 and PI. 3. The CS/ line of the ADI 175 is 
grounded when it is the only device connected to the 8051, but 
multiple ADI 175s could easily be connected in the same way if 
each CS/ line were separately controlled. 



Figure 11. Simple AD1 175 to 8051 Interface 

To initialize the interface, first write “l”s to the port pins con- 
nected to the data bus and the RD/ and WR/ control lines. This 
puts the 8051 I/O lines into a lightly “pulled up” state, simulat- 
ing a tri-stated condition on the bus to insure that neither RD/ 
nor WR/ are selected: 

INIT: SETB PI. 2 ;DISABLE RD/ 

SETB PI. 3 ;AND WR/ 

MOV P2, #OFFH ;SET P2 TO ALL ONES 

To write a command to the ADI 175, first set the state of the 
Pl.l and P1.0 lines for the address corresponding to the byte to 
be written to (00=COMMAND BYTE, 01=PARAMETER). 
Set the P2 port to the command data, then strobe the WR/ line 
by first clearing the PI. 3 line and then setting it: 


WRCMD: CLR 

P1.0 

;FIRST CLEAR A0 AND A1 

CLR 

Pl.l 

;TO POINT TO CMD BYTE 

MOV 

P2, #00 

;00 IS THE OPCODE FOR 
;A DEFAULT MODE 
CONVERSION 

CLR 

PI. 3 

;STROBE THE WR/ LINE 

SETB 

P1.3 

;ONE TIME 

MOV 

P2, #OFFH 

;SET DATA BUS TO 
;ALL ONES 


To read a byte from the ADI 175, first set the P1.0 and Pl.l lines to 
point to the address of the byte desired. Bring the RD/line low, 
reading the contents of P2. Return the RD/ line high: 


RDSTAT: CLR 

P1.0 

;POINT TO STATUS BYTE 

CLR 

Pl.l 

; 

CLR 

P1.2 

;BRING RD/ LINE LOW 

MOV 

A,P2 

;READ CONTENTS OF BUS 

SETB 

P1.2 

;RESTORE RD/ LINE HIGH 


‘Note that the 8051 microcontroller does contain a conventional bus struc- 
ture; the “byte banging” interface shown here is presented as an example of 
an alternative technique. 


AC5005 

... an IBM PC/XT/AT Compatible 
Evaluation Board for the AD1175K 

FEATURES 

Compatible to IBM PC/XT/AT* or Equivalent 
Menu-Driven Demonstration Software 
Full Documentation 

Example Listings of BASIC Programs 

Schematic 

Assembly Drawing 

Complete Set of Tools to Evaluate the AD1175K 22-Bit 
Resolution Integrating A/D Converter 

APPLICATIONS 

Laboratory DVM 

Product Test and Measurement 

Analytical Instrumentation 

Material Analysis 

Seismic Analysis 

GENERAL DESCRIPTION 

The AC5005 is an evaluation board for Analog Devices’ 
AD1175K and is designed to plug directly into the backplane of 
an IBM PC/XT/AT and compatibles. The AC5005 is offered as 
a support tool to enable users to easily and quickly evaluate 
Analog Devices’ AD1175K 22-bit multi-slope integrating A/D 
converter. The AC5005 comes with a demonstration program 
written in BASICA that completely exercises the functions of 
the AD1175K and emulates a 6 1/2 digit DVM. The onboard 
multiplexer allows selection via software from four differential 
analog input channels. A set of ten digital I/O lines are available 
to the user for control of lamps and actuators as well as to test 
switch positions. The AC5005 plugs directly into an IBM PC or 
compatible. Armed with an IBM PC and an AC5005 evaluation 
board, the user is ready to execute the demonstration program 
and evaluate the operation of the AD1175K. 

A user’s guide provides the user with all the information 
required to put the AC5005/AD1175K pair into operation. The 
schematic of the AC5005 is provided as an example of how to 
interface the AD1175K to a computer bus. The AC5005 is very 
easy to configure. It has one set of DIP switches to select the 
board’s base address and one set of jumpers to select either 
50 Hz or 60 Hz line cycle. All the tools needed to evaluate the 
AD1175K come with the AC5005. There is even a short exam- 
ple program listing written in BASIC to demonstrate the ease of 
programming the AD1175K. 

PRODUCT HIGHLIGHTS 

1. Plugs directly into IBM PC/XT/AT or compatibles. 

2. Evaluates the AD1175K 22-bit multi-slope integrating A/D 
converter without having to build a breadboard or prototype. 

3. Comes complete with software and programming examples to 
exercise all of the AD1175K’s functions and emulate a 6 1/2 
digit DVM. 

4. AC5005 schematic and assembly drawing are provided to be 
used as examples of how to interface theAD1175K to a 
microprocessor bus. 

5. Turnkey solution for laboratory measurement and analytical 
instrumentation. 

*IBM PC/XT/AT is a trademark of International Business Machines Corp. 
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□ ANALOG 
DEVICES 


ADI 376 


Complete, High Speed 
16-Bit A/D Converter 


FEATURES 

Complete 16-Bit Converter with Reference 
and Clock 

±0.003% Maximum Nonlinearity 

No Missing Codes to 14 Bits Over Temperature 

Fast Conversion - 14ps (14 Bit) 

Short Cycle Capability 
Parallel and Serial Outputs 
Low Power: 645m W Typical 
Industry Standard Pin Out 


AD1376 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD 1376 is a high resolution 16-bit hybrid IC analog-to-digital 
converter including reference, clock and laser-trimmed thin-film 
components. The package is a compact 32-pin, ceramic DIP. 
The thin-film scaling resistors allow analog input ranges of 
±2.5V, ±5V, ±10V, 0 to +5V, 0 to + 10V, and 0 to + 20V. 

Important performance characteristics of the devices are maximum 
linearity error of ±0.003% of FSR, and maximum 14-bit con- 
version time of 15|xs. This performance is due to innovative 
design and the use of proprietary monolithic D/A converter 
chips. Laser-trimmed thin-film resistors provide the linearity 
and wide temperature range for no missing codes. 

The AD 1376 provides data in parallel and serial form with 
corresponding clock and status outputs. All digital inputs and 
outputs are TTL compatible. 

APPLICATIONS 

The AD 1376 is excellent for use in applications requiring 14-bit 
accuracy over extended temperature ranges. Typical applications 
include medical and analytic instrumentation, precision meas- 
urement for industrial robots, automatic test equipment (ATE), 
multichannel data acquisition systems, servo control systems 
and anywhere that excellent stability and wide dynamic range in 
the smallest space is required. 


PRODUCT HIGHLIGHTS 

1 . The AD 1 376 provides 16-bit resolution with maximum linearity 
error less than ±0.003% (±0.006% for J grade) at 25°C. 

2. Conversion time is 14|xs typical to 14 bits with short cycle 
capability, and 16jxs to 16 bits. 

3. Two binary codes are available on the AD 1376 output. They 
are complementary straight binary (CSB) for unipolar input 
voltage ranges and complementary offset binary (COB) for 
bipolar input ranges. Complementary twos complement (CTC) 
coding may be obtained by inverting Pin 1 (MSB). 

4. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 

5. The AD 1376 includes an internal reference and clock, with 
external clock adjust pin, and a serial output. 
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SPECIFICATIONS (typical at T A = +25°C, V s 


±15, +5 volts unless otherwise noted) 


Model 

AD1376JD 

AD1376KD 

Units 

RESOLUTION 

16 (max) 

* 

Bits 

ANALOG INPUTS 




Voltage Ranges 




Bipolar 

±2.5, ±5, ±10 

* 

Volts 

Unipolar 

Impedance (Direct Input) 

Oto +5, Oto + 10, Oto +20 

it 

Volts 

Oto +5V, ±2.5V 

1.88 

★ 

kn 

Oto + lOV, ±5.0V 

3.75 

* 

kn 

Oto + 20V, ± 10V 

7.50 

★ 

kn 

DIGITAL INPUTS 1 




Convert Command 

Positive Pulse 50ns Wide (min) T railing Edge Initiates Conversion 

Logic Loading 

1 

* 

LS TTL Load 

TRANSFER CHARACTERISTICS 2 
ACCURACY 




Gain Error 

Offset Error 

±0.05 3 (±0.2max) 

* 

% 

Unipolar 

±0.05 3 (±0.1 max) 

* 

%ofFSR 4 

Bipolar 

±0.05 3 (±0.2max) 

it 

%ofFSR 

Linearity Error (max) 

±0.006 

±0.003 

%ofFSR 

Inherent Quantization Error 

±1/2 

* 

LSB 

Differential Linearity Error 

±0.003 

* 

%of FSR 

POWER SUPPLY SENSITIVITY 




±15Vdc(± 0.75V) 

0.0015 

★ 

% of FSR/% A V s 

+ 5V dc( ± 0.25V) 

0.001 

* 

%ofFSR/% AV S 

CONVERSION TIME 6 




12 Bits 

11.5 (13 max) 

★ 

|JLS 

MBits 

13.5 (15 max) 

* 

M-s 

16 Bits 

15.5 (17 max) 

* 

y-s 

WARM-UPTIME 

1 minute 

★ 

Minutes 

DRIFT 5 




Gain 

Offset 

± 15 (max) 

±5(± 15 max) 

ppm/°C 

Unipolar 

± 2 ( ± 4 max) 

± 2 ( ± 4 max) 

ppm of FSR/°C 

Bipolar 

± 10 (max) 

±3(± 10 max) 

ppm ofFSR/°C 

Linearity 

Guaranteed No Missing Code 

±2 (3 max) 

±0.3(2 max) 

ppmofFSR/°C 

Temperature Range 

Oto 70 (13 Bits) 

Oto 70 (14 Bits) 

°C 

DIGITAL OUTPUT 1 




(All Codes Complementary) 




Parallel & Serial | 




Output Codes 7 




Unipolar 

CSB 

* 


Bipolar 

COB, CTC 8 

* 


Output Drive 

5 

* 

LSTTL Loads 

Status 


Logic “ 1 ” During Conversion 


Status Output Drive 

Internal Clock 9 

5 (max) 

* 

LSTTL Loads 

Clock Output Drive 

5 (max) 

* 

LSTTL Loads 

Frequency 

1040 

* 

kHz 

POWER SUPPLY REQUIREMENTS 




Power Consumption 

645 (850 max) 

* 

mW 

Rated Voltage, Analog 

± 15 ±0.5 (max) 

* 

V dc 

Rated Voltage, Digital 

+ 5 ±0.25 (max) 

• 

V dc 

Supply Drain + 15V dc 

+ 16 

* 

mA 

Supply Drain - 1 5 V dc 

-21 

* 

mA 

Supply Drain + 5V dc 

+ 18 

* 

mA 

TEMPERATURE RANGE 




Specification 

0 to + 70 

it 

°C 

Operating 

-25 to + 85 

it 

°C 

Storage 

-55to+125 

° ★ 

°c 


NOTES 

'Logic “0" = 0.8V, max. Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = + 0.4V max. Logic “1” = 2.4V min. 
’Tested on ± lOVandOto + 10V ranges. 

'Adjustable to zero. 

4 Full Scale Range. 

'Guaranteed but not 100% production tested. 

6 Conversion time may be shortened with “Short Cycle” set for lower resolution. 

7 CSB- Complementary Straight Binary. COB -Complementary Offset Binary. CTC- Complementary Twos Complement. 

8 CTC coding obtained by inverting MSB (Pin 1). 

’With Pin 23, clock rate controls tied to digital ground. 

"Specifications same as AD1376JD. 

Specifications subject to change without notice. 
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LINEARITY ERROR - % FSR 


ADI 376 



0 


+ 25 +70 

TEMPERATURE - °C 



CONVERSION TIME -ns 


Figure 1. Linearity Error vs. Temperature 


Figure 2. ADI 376 Nonlinearity vs. Conversion Time 



TEMPERATURE - °C 


Figure 3. AD 1376 Gain Drift Error vs. Temperature 


ORDERING GUIDE 



Max Linearity 

Temperature 

Package 

Model 

Error 

Range 

Option* 

AD1376JD 

0.006% FSR 

0 to + 70°C 

Ceramic (DH-32E) 

AD1376KD 

0.003% FSR 

Oto + 70°C 

Ceramic (DH-32E) 


*See Section 14 for package outline information. 
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THEORY OF OPERATION 

The analog continuum is partitioned into 2 16 discrete ranges for 
16-bit conversion. All analog values within a given quantum are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is an inherent quantization 
uncertainty of ± 1/2LSB, associated with the resolution, in 
addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D con- 
verters are combinations of analog errors due to the linear circuitry, 
matching and tracking properties of the ladder and scaling net- 
works, reference error and power supply rejection. The matching 
and tracking errors in the converter have been minimized by the 
use of monolithic DACs that include the scaling network. The 
initial gain and offset errors are specified at ±0.2% FSR for 
gain and ±0.1% FSR for offset. These errors may be trimmed 
to zero by the use of external trim circuits as shown in Figures 
5 and 6. Linearity error is defined for unipolar ranges as the 
deviation from a true straight line transfer characteristic from a 
zero voltage analog input, which calls for a zero digital output, 
to a point which is defined as a full scale. The linearity error is 
based on the DAC resistor ratios. It is unadjustable and is the 
most meaningful indication of A/D converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step size 
(Figure 4). 

Monotonic behavior requires that the differential linearity error 
be less than 1LSB, however a monotonic convener can have 
missing codes; the AD 1376 is specified as having no missing 
codes over temperature ranges as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. Statis- 
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS = vV+ £ 0 2 + € L 2 
€ G = Gain Drift Error (ppm/°C) 

€ 0 = Offset Drift Error (ppm of FSR/°C) 
e L = Linearity Error (ppm of FSR/°C) 



Figure 4. Transfer Characteristics for an idea I Bipolar A/D 


DESCRIPTION OF OPERATION 

On receipt of a CONVERT START command, the AD 1376 
converts the voltage at its analog input into an equivalent 16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive-approximation register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog 
input is successively compared to the feedback DAC output, 
one bit at a time (MSB first, LSB last). The decision to keep or 
reject each bit is then made at the completion of each bit comparison 
period, depending on the state of the comparator at that time. 

GAIN ADJUSTMENT 

The gain adjust circuit consists of a 100ppm/°C potentiometer 
connected across ± V s with its slider connected through a 300kfi 
resistor to the gain adjust Pin 29 as shown in Figure 5. 

If no external trim adjustment is desired. Pin 27 (offset adj) and 
Pin 29 (gain adj) may be left open. 


+15V 



Figure 5. Gain Adjustment Circuit ( ± 0.2% FSR) 
OFFSET ADJUSTMENT 

The zero adjust circuit consists of a 100ppm/°C potentiometer 
connected across ± Vs with its slider connected through a 1.8MU 
resistor to Comparator Input Pin 27 for all ranges. As shown in 
Figure 6, the tolerance of this fixed resistor is not critical, and a 
carbon composition type is generally adequate. Using a carbon 
composition resistor having a - 1200ppm/°C tempco contributes 
a worst-case offset tempco of 32LSB 14 x 61ppm/LSBi4 x 
1200ppm/°C = 2.3ppm/°C of FSR, if the OFFSET ADJ poten- 
tiometer is set at either end of its adjustment range. Since the 
maximum offset adjustment required is typically no more than 
± 16LSB 14 , use of a carbon composition offset summing resistor 
typically contributes no more than lppm/°C of FSR offset 
tempco. 


+15V 



-15V 


Figure 6. Offset Adjustment Circuit ( ± 0.3% FSR) 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco <100ppm/°C) are 
used, is shown in Figure 7. 


+15V 



Figure 7. Low Tempco Zero Adjustment Circuit 

In either adjust circuit, the fixed resistor connected to Pin 27 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 27 is quite sensitive to external 
noise pick-up and should be guarded by analog common. 
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TIMING 

The tinting diagram is shown in Figure 8. Receipt of a CONVERT 
START signal sets the STATUS flag, indicating conversion in 
progress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 17 cycles. All the SAR parallel 
bits, STATUS flip-flops, and the gated clock inhibit signal are 
initialized on the trailing edge of the CONVERT START signal. 
At time to, Bx is reset and B 2 - B 16 are set unconditionally. At 
ti the Bit 1 decision is made (keep) and Bit 2 is reset uncondi- 
tionally. This sequence continues until the Bit 16 (LSB) decision 
(keep) is made at tj 6 . The STATUS flag is reset, indicating that 
the conversion is complete and that the parallel output data is 
valid. Resetting the ST ATUS flag restores the gated clock inhibit 
signal, forcing the clock output to the low Logic “0” state. 

Note that the clock remains low until the next conversion. 

Corresponding parallel data bits become valid on the same positive- 
going clock edge. 


Figure 10. Clock High to Serial Out Valid 

edges as shown in Figure 10. There are 17 negative-going clock 
edges in the complete 16-bit conversion cycle. The first negative 
edge shifts an invalid bit into the register, which is shifted out 
on the last negative-going clock edge. All serial data bits will 
have been correctly transferred and be in the receiving shift 
register locations shown at the completion of the conversion 
period. 

Short Cycle Input: A Short Cycle Input, Pin 32, permits the 
timing cycle shown in Figure 8 to be terminated after any number 
of desired bits has been converted, permitting somewhat shorter 
conversion times in applications not requiring full 16-bit resolution. 
When 10-bit resolution is desired, Pin 32 is connected to Bit 11 
output Pin 1 1 . The conversion cycle then terminates and the 
STATUS flag resets after the Bit 10 decision (timing diagram of 
Figure 8). Short cycle connections and associated 8-, 10-, 12-, 
13-, 14- and 15-bit conversion times are summarized in Table I, 
for a 933kHz clock. 


Figure 8. Timing Diagram (Binary Code 0110011101111010) 
DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers is in 
negative true form (Logic “1” = 0V and Logic “0” = 2.4V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. 
Parallel data becomes valid at least 20ns before the STATUS 
flag returns to Logic “0,” permitting parallel data transfer to be 
clocked on the “1” to “0” transition of the STATUS flag (see 
Figure 9). 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input ranges. 
Serial output is by bit (MSB first, LSB last) in NRZ (non-return- 
to-zero) format. Serial and parallel data outputs change state on 
positive-going clock edges. Serial data is guaranteed valid 120ns 
after the rising clock edges, permitting serial data to be clocked 
directly into a receiving register on the negative-going clock 


Resolution 

Bits | (%FSR) 

Maximum 

Conversion 

Time(|is) 

Status Flag 
Reset 

Connect Short 
Cycle Pin 32 to 
Pin: 

16 

0.0015 

17.1 

*16 

N/C (Open) 

15 

0.003 

16.1 

*15 

16 

14 

0.006 

15.0 

*14 

15 

13 

0.012 

13.9 

*13 

14 

12 

0.024 

12.9 

*12 

13 

10 

0.100 

10.7 

*10 

11 

8 

0.390 

8.6 

*8 

9 


Table I. Short Cycle Connections 


- MAXIMUM THROUGHPUT TIME - 
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NOTES: 

1. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 15|xs FOR 14 BITS AND 14(is FOR 13 BITS (MAX). 

3. MSB DECISION. 

4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 



Figure 9. LSB Valid to Status Low 



-H h- 30ns TO 120ns MAX 


ANALOG-TO-DIGITAL CONVERTERS 3-171 



INPUT SCALING 

The AD1376 inputs should be scaled as close to the ma ximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the A/D converter. Connect the input signal 
as shown in Table II. See Figure 11 for circuit details. 



analog {O i 

COMMON 'O ' JL 


Input 

Signal 

Line 

Output 

Code 

Connect 
Pin 26 
to Pin 

Connect 
Pin 24 

to 

Connect 
Input 
Signal to 

±10V 

COB 

27 

Input 

Signal 

24 

±5V 

COB 

27 

Open 

25 

±2.5V 

COB 

27 

Pin 27 

25 

0V to + 5 V 

CSB 

22 

Pin 27 

25 

OVto + lOV 

CSB 

22 

Open 

25 

0V to + 20V 

CSB 

22 

Input 

Signal 

24 


Note: Pin 27 is extremely sensitive to noise and should be guarded by analog 
common. 


Figure 7 7. AD 1376 Input Scaling Circuit Table II. AD 1376 Input Scaling Connections 


Code Under Test 



Low Side Transition Values 


MSB 

LSB 

Range 

| ±10V 

1 ±5v 1 

1 ±2 - sv 1 

| 0to + 10V | 

Oto + 5V 

000 . . 

. 000* 

-1- Full Scale 





+ 5V 
-3/2LSB 

Oil . . 

. Ill 

Mid Scale 

0-1/2LSB 

0-1/2LSB 

0-1/2LSB 

+ 5V-1/2LSB 

+ 2.5V-1/2LSB 

Ill . . 

. 110 

- Full Scale 

-10V 
+ 1/2LSB 

-5V 
+ 1/2LSB 

-2.5V 
+ 1/2LSB 

0 V 

+ 1/2LSB 

OV 

+ 1/2LSB 


"Voltages given are the nominal value for transition to the code specified. 

Note: For LSB value for range and resolution used, see Table IV. 

Table III. Transition Values vs. Calibration Codes 


Analog Input 
Voltage Range 


±10V 

1+ 

< 

±2.5V 

0V to + 10V 

0V to + 5 V 

Code 


COB* 

COB* 

COB* 



Designation 


orCTC** 

orCTC** 

orCTC** 

CSB*** 

CSB*** 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

Significant 

Bit (LSB) 

2“ 

2 n 

2 n 

2° 

2“ 

2“ 


n = 8 

78.13mV 

39.06mV 

19.53mV 

39. 06m V 

19.53mV 


n= 10 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n= 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 


n= 13 

2.44mV 

1.22mV 

0.61mV 

1.22mV 

0.61mV 


n= 14 

1.22mV 

0.61mV 

0.31mV 

0.61mV 

0.31mV 


n= 15 

0.61mV 

0.31mV 

0.1 5mV 

0.31mV 

0.15mV 


NOTES 

"COB = Complementary Offset Binary. 

"*CTC = Complementary Twos Co mplem ent - achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

**"CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and LSB Values 


CALIBRATION (14-Bit Resolution Examples) 

External ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figures 5 and 6, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 


0 to + 10V Range: Set analog input to + ILSB14 = 0.00061V. 
Adjust Zero for digital output = 11111111111110. Zero is now 
calibrated. Set analog input to + FSR - 2 LSB = + 9.99878V. 
Adjust Gain for 00000000000001 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set analog 
input to + 5.00000V; digital output code should be 
01111111111111. 
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-10V to + 10V Range: Set analog input to -9.99878V; adjust 
zero for 1111111111110 digital output (complementary offset 
binary) code. Set analog input to 9.99756V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 0. 00000 V; 
digital output (complementary offset binary) code should be 
01111111111111. 



+ 15V dc 


AD1376 


Figure 14. Clock Rate Control Circuit 


15 

1 

z 
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W 
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PIN 23 CONTROL VOLTAGE 

Figure 15. Conversion Time vs. Control Voltage 
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Figure 12. Analog and Power Connections for Unipolar 0 
to + 10V Input Range 



Figure 13. Analog and Power Connections for Bipolar 
+ 10V to + 10V Input Range 


Other Ranges: Representative digital coding for 0 to + 10V and 
- 10V to + 10V ranges is given above. Coding relationships and 
calibration points for 0 to + 5V, -2.5V to + 2.5V and -5V to 
+ 5V ranges can be found by halving proportionally the corres- 
ponding code equivalents listed for the 0 to 4- 10V and - 10V to 
+ 10V ranges, respectively, as indicated in Table III. 

Zero and full-scale calibration can be accomplished to a precision 
of approximately ± 1/2LSB using the static adjustment procedure 
described above. By summing a small sine or triangular wave 
voltage with the signal applied to the analog input, the output 
can be cycled through each of the calibration codes of interest to 
more accurately determine the center (or end points) of each 
discrete quantization level. A detailed description of this dynamic 
calibration technique is presented in Analog-Digital Conversion 
Handbook , edited by D. H. Sheingold, Prentice-Hall, Inc., 

1986. 


GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 19 and 22) must be tied together 
at one point for the AD 1376 as close as possible to the converter. 
Ideally, a single solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes of the circuit cards, and since these paths have resistance 
and inductance, hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
AD 1376. Separate wide conductor stripe ground returns should 
be provided for high resolution converters to minimize noise 
and IR losses from the current flow in the path from the converter 
to the system ground point. In this way AD1376 supply currents 
and other digital logic-gate return currents are not summed into 
the same return path as analog signals where they would cause 
measurement errors. 

Each of the AD 1376 supply terminals should be capacitively 
decoupled as close to the AD 1376 as possible. A large value 
capacitor such as l|xF in parallel with a 0.1 p-F capacitor is usually 
sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal cover is internally grounded with respect to the power 
supplies, grounds and electrical signals. Do not externally ground 
the cover. 

CLOCK RATE CONTROL 

The AD 1376 may be operated at faster conversion times by 
connecting the Clock Rate Control (Pin 23) to an external multitum 
trim potentiometer (TCR < 100ppm/°C) as shown in Figures 14 
& 15. The integral linearity and differential linearity errors will 
vary with speed as shown in Figure 2. 
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T/H REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 

The AD389 is a companion T/H designed for use with the 
ADI 376 family. The characteristics required for high resolution 
track-and-hold amplifiers are low feedthrough, low pedestal 
shifts with changes of input signal or temperature, high linearity, 
low temperature coefficients, and minimal droop rate. 

The aperture jitter is a result of noise within the switching 
network which modulates the phase of the hold command and is 
manifested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input. 

The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than 1LSB. The amplitude of 
1LSB of the companion A/D converter for a given input range 
will vary from 610|xV for a 14-bit A/D using a 0 to 10V input 
range to 4.88mV for a 12-bit A/D using a ± 10V input range. 
The hold mode droop rate should produce less than 1LSB of 
droop in the output during the conversion time of the A/D 
converter. For 610jxV/LSB, as noted in the example above, for 
a 15(jls 14-bit A/D converter, the maximum droop rate will be 
610pV/15|xs or 40.7|xV/|jls during the 15|xs conversion period. 

Minimal thermal tail effects are another requirement of high 
resolution applications. The self-heating errors induced by the 
changing current levels in the output stages of T/H amps may 
cause more than 1LSB of error due to thermal tail effects. 

The linearity error should be less than 1LSB over the transfer 
function, as set by the resolution of the A/D converter. The 
T/H acquisition time, T/H settling time along, with the conversion 
time of the A/D converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle. 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in “under sampling” or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter placed in the signal path prior to the AD389 and 
A/D converter to eliminate aliasing. 

The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed- 
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more above + 70°C ( + 158°F). For commercial and industrial 
users, these shifts will only appear above the highest temperatures 
their equipment will ever expect to experience. Most precision 
instrumentation is installed only in human inhabitable work 
spaces or in controlled enclosures if the area has a hostile 
environment. Thus, the AD1376 used with a companion 
AD389 T/H offers high accuracy sampling in high precision 
applications. 


Spec 

MBit 

AD389KD 

Units 

Aperture Jitter (max) 

2.4 

0.4 

ns 

Slew Rate (max w/20V pk-pk signal) 

1.26 

1.26 

V/|AS 

Feedthrough ( 1 LSB max) 

-84.3 

-86 

dB 

Droop Rate (1LSB max in 15 |as) 

40.7 

0.1 

|lV/|AS 

Droop Rate ( 1 LSB max in 50|xs) 

12.2 

0.1 

fj.V/p,s 

Acquisition Time (to ± 1LSB max) 
for 20kHz Signal w/15jas ADC 

10 

3-5 

|IS 

Pedestal Shift (max) with Input Signal 
Gain Temperature Coefficient (max) 

-84.3 

-86 

dB 

for ± 1 0°C Ambient Operation 
Thermal T ail (max) within 50jxs after 

6.1 

2.0 

ppm/°C 

Hold 

1.2 

0.1 

mV 

Linearity Error (max) 1 LSB 

±0.0061 

0.003 

%FSR 


Table V. T/H Amplifier Requirements vs. AD389 Specs 


AD389 in 
Combination 

Throughput 

Input Frequency 

Acquisition Time 
& T/H Settling Time 

With an 

Rate 

Range 

& A/D Conversion Time 

AD1376JD(13Bit) 

48.8kHz 

dc to 24.4kHz 

20.5p.s 

AD1376KD(14Bit) 

52.6kHz 

dc to 26.3kHz 

23.0|as 


Table VI. T/H & ADC Combinations and Maximum 
Throughput Rate 


Using the AD1376 at Slower Conversion Times 
The user may wish to run the AD 1376 at slower conversion 
times in order to synchronize the A/D with an external clock. 
This is accomplished by running a slower clock than the internal 
clock into the START CONVERT input. This clock must 
consist of narrow negative-going clock pulses, as seen in Figure 
16. The pulse must be a minimum of 100ns wide but not greater 
than 700ns. Having a raising edge immediately after a falling 
edge inhibits the internal clock pulse. This enables the AD 1376 
to function normally and complete a conversion after 16 clock 
pulses and serial out in 17 clock pulses. The STATUS command 
will function normally and switch high after the first clock pulse 
and will fall low after the 17th clock pulse. In this way an external 
clock can be used to control the AD 1376 at slower conversion 
times. 



Figure 16. Timing Diagram for Use with an External Clock 
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□ ANALOG 
DEVICES 


ADI 377 


Complete, High Speed 
16-Bit A/D Converter 


FEATURES 

Complete 16-Bit Converter with Reference and Clock 
±0.003% Maximum Nonlinearity 
Fast Conversion - 10ps (16 Bit max) 

Short Cycle Capability 
Parallel and Serial Outputs 
Low Power: 645m W Typical 
Industry Standard Pinout 


AD1377 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD 1377 is a high resolution 16-bit hybrid IC analog- to- 
digital converter including reference, clock and laser-trimmed 
thin-film components. It is packaged in a compact 32-pin, ce- 
ramic DIP. Thin-film scaling resistors allow analog input ranges 
of ±2.5V, ±5V, ±10V, 0 to +5V, 0 to + 10V and 0 to +20V. 

The AD 1377 provides data in parallel and serial form with cor- 
responding clock and status outputs. All digital inputs and out- 
puts are TTL compatible. 

APPLICATIONS 

The AD 1377 is excellent for use in applications requiring high 
accuracy over extended temperature ranges. Typical applications 
include medical and analytic instrumentation, precision measure- 
ment for industrial robots, automatic test equipment (ATE), 
multichannel data acquisition systems, servo control systems and 
anywhere that excellent stability and wide dynamic range in the 
smallest space is required. A proprietary monolithic D/A con- 
verter and laser-trimmed thin-film resistors guarantee a maxi- 
mum nonlinearity of ±0.003% FSR. The device may be short- 
cycled to achieve 14-bit conversion in 8|xs. 


PRODUCT HIGHLIGHTS 

1. The AD 1377 provides 16-bit resolution with maximum lin- 
earity error less than ±0.003% (±0.006% for J grade) at 
25°C. 

2. Conversion time is 8|xs typical to 14 bits with short cycle ca- 
pability, and 9|xs to 16 bits. 

3. Two binary codes are available on the AD 1377 output. They 
are complementary straight binary (CSB) for unipolar input 
voltage ranges and complementary offset binary (COB) for 
bipolar input ranges. Complementary twos complement 
(CTC) coding may be obtained by inverting Pin 1 (MSB). 

4. The proprietary chips used in this hybrid design provide ex- 
cellent stability over temperature and lower chip count for 
improved reliability. 

5. The AD 1377 includes an internal reference and clock, with 
external clock adjust pin, and a serial output. 
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SPECIFICATIONS 


(typical at T A = +25°C, V s = ±15V, +5V unless otherwise noted) 


Model 

AD1377JD 

AD1377KD 

Units 

RESOLUTION 

16 (max) 

* 

Bits 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 

±2.5, ±5, ±10 

* 

Volts 

Unipolar 

0 to +5, 0 to +10, 0 to +20 

* 

Volts 

Impedance (Direct Input) 

0 to + 5V, ±2.5V 

1.88 

* 

kH 

Oto +10V, ±5.0V 

3.75 

★ 

kn 

±10V 

7.50 

* 

kn 

DIGITAL INPUTS 1 




Convert Command 

Positive Pulse 50ns Wide (min) Trailing Edge Initiates Conversion 

Logic Loading 

1 

* 

LS TTL Load 

TRANSFER CHARACTERISTICS 2 




ACCURACY 




Gain Error 

±0.05 3 (±0.1 max) 

★ 

% 

Offset' Error 

Unipolar 

±0.025 3 (±0.1 max) 

* 

% of FSR 4 

Bipolar 

±0.025 3 (±0.1 max) 

* 

% of FSR 

Linearity Error (max) 

±0.006 

±0.003 

% of FSR 

Inherent Quantization Error 

±1/2 

★ 

LSB 

Differential Linearity Error 

±0.003 

★ 

% of FSR 

POWER SUPPLY SENSITIVITY 




± 15V dc (±0.75V) 

0.0015 

* 

% of FSR/% AV S 

+ 5V dc (±0.25V) 

0.001 

★ 

% of FSR/% AV S 

CONVERSION TIME 5 




14 Bits 

8.75 max 

★ 

M-S 

16 Bits 

10 max 

★ 

M'S 

WARM-UP TIME 

1 minute 

* 

minutes 

DRIFT 6 




Gain 

±15 (max) 

±5 (±15 max) 

ppm/°C 

Offset 

Unipolar 

±2 (±4 max) 

±2 (±4 max) 

ppm of FSR/°C 

Bipolar 

± 10 (max) 

±3 (±10 max) 

ppm of FSR/°C 

Linearity 

±2 (3 max) 

±0.3 (2 max) 

ppm of FSR/°C 

Guaranteed No Missing Code 
Temperature Range 

0 to 70 (13 Bits) 

0 to 70 (14 Bits) 

°C 

DIGITAL OUTPUT 1 
(All Codes Complementary) 

Parallel & Serial 

Output Codes 7 

Unipolar 

CSB 

★ 


Bipolar 

COB, CTC 8 

★ 


Output Drive 

5 

★ 

LSTTL Loads 

Status 

Status Output Drive 

5 (max) 

Logic “1” During Conversion 

LSTTL Loads 

Internal Clock 9 

Clock Output Drive 

5 (max) 

★ 

LSTTL Loads 

Frequency 

1750 

★ 

kHz 

POWER SUPPLY REQUIREMENTS 
Power Consumption 

600 (800 max) 

* 

mW 

Rated Voltage, Analog 

± 15 ±0.5 (max) 

★ 

V dc 

Rated Voltage, Digital 

+ 5 ±0.25 (max) 

if 

V dc 

Supply Drain +15V dc 

+ 10 

* 

mA 

Supply Drain -15V dc 

-23 

if 

mA 

Supply Drain +5V dc 

+ 18 

if 

mA 

TEMPERATURE RANGE 




Specification 

0 to +70 

* 

°C 

Operating 

-25 to +85 

* 

°C 

Storage 

-55 to +125 

if 



NOTES 

'Logic “0” = 0.8V, max. Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = 0.4V max. Logic “1” = 2.4V min. 
2 Tested on ± 10V and 0 to + 10V ranges. 

'Adjustable to zero. 

4 FulI Scale Range. 

'Conversion time may be shortened with “Short Cycle” set for lower resolution. 

Guaranteed but not 100% production tested. 

7 CSB — Complementary Straight Binary. COB — Complementary Offset Binary. CTC — Complementary Twos Complement. 
®CTC coding obtained by inverting MSB (Pin 1). 

’With Pin 23, clock rate controls tied to digital ground. 

^Specifications same as AD1377JD. 

Specifications subject to change without notice. 
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LINEARITY ERROR - % FSR 


ADI 377 



0 


+ 25 +70 

TEMPERATURE - °C 



TEMPERATURE - °C 


Figure 1. Linearity Error vs. Temperature 


Figure 2 .AD1377 Gain Drift Error vs. Temperature 


ORDERING GUIDE 



Max Linearity 

Temperature 

Package 

Model 

Error 

Range 

Option* 

AD1377JD 

0.006% FSR 

0 to +70°C 

Ceramic (DH-32E) 

AD1377KD 

0.003% FSR 

0 to +70°C 

Ceramic (DH-32E) 


*See Section 14 for package outline information. 
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THEORY OF OPERATION 

A 16-bit A/D converter partitions the range of analog inputs into 
2 16 discrete ranges or quanta. All analog values within a given 
quantum are represented by the same digital code, usually as- 
signed to the nominal midrange value. There is an inherent 
quantization uncertainty of ± 1/2LSB, associated with the resolu- 
tion, in addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D con- 
verters are combinations of analog errors due to the linear cir- 
cuitry, matching and tracking properties of the ladder and scal- 
ing networks, reference error and power supply rejection. The 
matching and tracking errors in the converter have been mini- 
mized by the use of monolithic DACs that include the scaling 
network. The initial gain and offset errors are specified at 
±0.1% FSR for gain and ±0.1% FSR for offset. These errors 
may be trimmed to zero by the use of external trim circuits as 
shown in Figures 4 and 5. Linearity error is defined for unipolar 
ranges as the deviation from a true straight line transfer charac- 
teristic from a zero voltage analog input, which calls for a zero 
digital output, to a point which is defined as a full scale. The 
linearity error is based on the DAC resistor ratios. It is unad- 
justable and is the most meaningful indication of A/D converter 
accuracy. Differential nonlinearity is a measure of the deviation 
in the staircase step width between codes from the ideal least 
significant bit step size (Figure 3). 

Monotonic behavior requires that the differential linearity error 
be less than 1LSB; however, a monotonic converter can have 
missing codes. The AD 1377 is specified as having no missing 
codes over temperature ranges as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. Statis- 
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS = Ve G 2 + e„ 2 + e L 2 


DESCRIPTION OF OPERATION 

On receipt of a CONVERT START command, the AD 1377 
converts the voltage at its analog input into an equivalent 16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive-approximation register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog in- 
put is successively compared to the feedback DAC output, one 
bit at a time (MSB first, LSB last). The decision to keep or re- 
ject each bit is then made at the completion of each bit compari- 
son period, depending on the state of the comparator at that 
time. 

GAIN ADJUSTMENT 

The gain adjust circuit consists of a 100ppm/°C potentiometer 
connected across ±V S with its slider connected through a 300kfl 
resistor to the gain adjust Pin 29 as shown in Figure 4. 

If no external trim adjustment is desired, Pin 27 (OFFSET 
ADJ) and Pin 29 (GAIN ADJ) may be left open. 


+15V 



Figure 4. Gain Adjustment Circuit (±0. 15% FSR) 
OFFSET ADJUSTMENT 

The zero adjust circuit consists of a 100ppm/°C potentiometer 
connected across ±V S with its slider connected through a 
1.8MG resistor to Comparator Input Pin 27 for all ranges. As 
shown in Figure 5, the tolerance of this fixed resistor is not 
critical, and a carbon composition type is generally adequate. 
Using a carbon composition resistor having a -1200ppm/°C 
tempco contributes a worst case offset tempco of 32LSB 14 x 
61ppm/LSB 14 x 1200ppm/°C = 2.3ppm/°C of FSR, if the 
OFFSET ADJ potentiometer is set at either end of its adjust- 
ment range. Since the maximum offset adjustment required is 
typically no more than ±16LSB 14 , use of a carbon composition 
offset summing resistor typically contributes no more than 
lppm/°C of FSR offset tempco. 


e G = Gain Drift Error (ppm/°C) 

e G = Offset Drift Error (ppm of FSR/°C) 

e L = Linearity Error (ppm of FSR/°C) 


5 

Q. 

D 

O 

-J 

<t 

»- 

5 

5 


Figure 3. Transfer Characteristics for an Ideal Bipolar A/D 



An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco (100ppm/°C) are 
used, is shown in Figure 6. 


+15V 



-15V 


Figure 5. Offset Adjustment Circuit (-*-0.3% FSR) 


+15V 



Figure 6. Low Tempco Zero Adjustment Circuit 

In either adjust circuit, the fixed resistor connected to Pin 27 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 27 is quite sensitive to exter- 
nal noise pickup and should be guarded by analog common. 
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TIMING 

The timing diagram is shown in Figure 7. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 17 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the CON- 
VERT START signal. At time t 0 , Bj is reset and B 2 - B 16 are 
set unconditionally. At t, the Bit 1 decision is made (keep) and 
Bit 2 is reset unconditionally. This sequence continues until the 
Bit 16 (LSB) decision (keep) is made at t 16 . The STATUS flag 
is reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag restores 
the gated clock inhibit signal, forcing the clock output to the 
low Logic “0” state. Note that the clock remains low until the 
next conversion. 

Corresponding parallel data bits become valid on the same 
positive-going clock edge. 



NOTES 

1. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAIL EDGE" OF THE 
CONVERT COMMAND. 

2. 9 |>.s FOR 16 BITS AND 8,is FOR 14 BITS 

3. MSB DECISION. 

4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 


Figure 7. Timing Diagram (Binary Code 0110011101111010) 


DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers is in 
negative true form (Logic “1” = 0V and Logic “0” = 2.4V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. Par- 
allel data becomes valid at least 20ns before the STATUS flag 


returns to Logic “0”, permitting parallel data transfer to be 
clocked on the “1” to “0” transition of the STATUS flag (see 
Figure 8). 

BIT 16 
VALID 


BUSY 

(STATUS) 


Figure 8. LSB Valid to Status Low 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 120ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 9. There are 17 
negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis- 
ter, which is shifted out on the last negative-going clock edge. 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 



-4 h- 30ns TO 120ns MAX 


Figure 9. Clock High to Serial Out Valid 

Short Cycle Input: A Short Cycle Input, Pin 32, permits the 
timing cycle shown in Figure 7 to be terminated after any num- 
ber of desired bits has been converted, permitting somewhat 
shorter conversion times in applications not requiring full 16-bit 
resolution. When 10-bit resolution is desired, Pin 32 is 
connected to Bit 1 1 output Pin 1 1 . The conversion cycle then 
terminates and the STATUS flag resets after the Bit 10 decision 
(timing diagram of Figure 7). Short cycle connections and asso- 
ciated 8-, 10-, 12-, 13-, 14-, and 15-bit conversion times are 
summarized in Table I, for a 1.6MHz clock. 



Resolution 

Bits | (% FSR) 

Maximum 
Conversion 
Time (fxs) 

Status Flag 
Reset 

Connect Short 
Cycle Pin 32 to 
Pin: 

16 

0.0015 

10 

*16 

N/C (Open) 

15 

0.003 

9.4 

*15 

16 

14 

0.006 

8.7 

*14 

15 

13 

0.012 

8.1 

*13 

14 

12 

0.024 

7.5 

*12 

13 

10 

0.100 

6.3 

*10 

11 

8 

0.390 

5.0 

*8 

9 


Table I. Short Cycle Connections 
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INPUT SCALING 

The AD 1377 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the A/D converter. Connect the input signal 
as shown in Table II. See Figure 10 for circuit details. 



analog /C \ 

COMMON W 


Figure 10. ADI 377 Input Scaling Circuit 


Input 

Signal 

Line 

Output 

Code 

Connect 
Pin 26 
to Pin 

Connect 
Pin 24 

to 

Connect 
Input 
Signal to 

±10V 

COB 

27 

Input 

Signal 

24 

±5V 

COB 

27 

Open 

25 

±2.5V 

COB 

27 

Pin 27 

25 

0V to +5V 

CSB 

22 

Pin 27 

25 

0V to +10V 

CSB 

22 

Open 

25 

0V to +20V 

CSB 

22 

Input 

Signal 

24 


Note: Pin 27 is extremely sensitive to noise and should b e guarded by analog 
common. 

Table II. ADI 377 Input Scaling Connections 


Code Under Test 

MSB LSB | 

Range 

±10V 

Low 5 

±5V 

>ide Transitic 

± 2.5V 

m Values 

Oto +10V 

0 to +5V 

* 

s 

o 

o 

8 

+ Full Scale 

+ 10V 
-3/2LSB 

+5V 

-3/2LSB 

+2.5V 

-3/2LSB 

+ 10V 
-3/2 LSB 

+ 5V 

-3/2LSB 

Oil . . . Ill 

Mid Scale 

0-1/2LSB 

0-1/2LSB 

0-1/2LSB 

+ 5V-1/2LSB 

+2.5V-1/2LSB 

111 . . . 110 

- Full Scale 

-10V 
+ 1/2LSB 

-5V 

+ 1/2LSB 

-2.5V 
+ 1/2LSB 

0V 

+ 1/2LSB 

0V 

+ 1/2LSB 


*Voltages given are the nominal value for transition to the code specified. 

Note: For LSB value for range and resolution used, see Table IV. 

Table III. Transition Values vs. Calibration Codes 


Analog Input 
Voltage Range 

±10V 

±5V 

±2.5V 

0V to + 10V 

0V to +5V 


Code 


COB* 





Designation 


or CTC** 



CSB*** 

CSB*** 

One Least 

FSR 




10V 

5V 

Significant 

Bit (LSB) 

2 n 



| I 

2 n 

2 n 


n = 8 

78.13mV 

39.06mV 

19.53mV 

39. 06m V 

19.53mV 


n= 10 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n= 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 


n= 13 

2.44mV 

1.22mV 

0.61mV 

1.22mV 

0.61mV 


n= 14 

1.22mV 

0.61mV 

0.31mV 

0.61mV 

0.31mV 


n= 15 

0.61mV 

0.31mV 

0.15mV 

0.31mV 

0.15mV 


NOTES 

*COB = Complementary Offset Binary. 

**CTC = Complementary Twos Complement — achieved by using an inverter to complement the most significant bit to product (MSB;. 
***CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and LSB Values 
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CALIBRATION 

(14-Bit Resolution Examples) 

External ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figures 4 and 5, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for uni- 
polar and -FS for bipolar input ranges). Gain is adjusted with 
the analog input near the most positive end of the analog range. 

0 to + 10V Range: Set analog input to + 1LSB 14 = 0.00061V. 
Adjust Zero for digital output = 11111111111110. Zero is now 
calibrated. Set analog input to + FSR - 2LSB = + 9.99878V. 
Adjust Gain for 00000000000001 digital output code; full scale 
(Gain) is now calibrated. Half scale calibration check: set 
analog input to + 5.00000V; digital output code should be 
01111111111111. 


Other Ranges: Representative digital coding for 0 to + 10V and 
- 10V to + 10 V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to -I- 2.5V and -5V to 
+ 5 V ranges can be found by halving proportionally the corre- 
sponding code equivalents listed for the 0 to + 10V and - 10V to 
+ 10V ranges, respectively, as indicated in Table III. 

Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately ± 1/2LSB using the static adjustment pro- 
cedure described above. By summing a small sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook , edited by D. H. Sheingold, Prentice- 
Hall, Inc., 1986. 



NOTE: ANALOG ( ^ ) AND DIGITAL ( + ) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 11. Analog and Power Connections for Unipolar 0 
to +10V Input Range 

-10V to + 10V Range: Set analog input to -9.99878V; 
adjust zero for 1111111111110 digital output (complementary 
offset binary) code. Set analog input to 9.99756V; adjust Gain 
for 00000000000001 digital output (complementary offset binary) 
code. Half scale calibration check: set analog input to 0. 00000 V; 
digital output (complementary offset binary) code should be 
01111111111111. 



NOTE: ANALOG <^> AND DIGITAL ( ^ ) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 12. Analog and Power Connections for Bipolar 
+ 10V to + 10V Input Range 


GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 19 and 22) must be tied together 
at one point for the AD 1377 as close as possible to the 
converter. Ideally, a single solid analog ground plane under the 
converter would be desirable. Current flows through the wires 
and etch stripes of the circuit cards, and since these paths have 
resistance and inductance, hundreds of millivolts can be gener- 
ated between the system analog ground point and the ground 
pins of the AD 1377. Separate wide conductor stripe ground 
returns should be provided for high resolution converters to 
minimize noise and IR losses from the current flow in the path 
from the converter to the system ground point. In this way 
AD 1377 supply currents and other digital logic-gate return cur- 
rents are not summed into the same return path as analog sig- 
nals where they would cause measurement errors. 

Each of the AD 1377 supply terminals should be capacitively 
decoupled as close to the AD 1377 as possible. A large value 
capacitor such as 1 (jlF in parallel with a 0.1 (xF capacitor is usu- 
ally sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal cover is internally grounded with respect to the 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 

CLOCK RATE CONTROL 

The AD 1377 may be operated at faster conversion times by con- 
necting the Clock Rate Control (Pin 23) to an external multiturn 
trim potentiometer (TCR <100ppm/°C) as shown in Figure 13. 


+ 15V dc 



Figure 13. Clock Rate Control Circuit 
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T/H REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 

The AD389 is a companion T/H designed for use with the 
AD 1377 family. The characteristics required for high resolution 
track-and-hold amplifiers are low feedthrough, low pedestal 
shifts with changes of input signal or temperature, high linear- 
ity, low temperature coefficients and minimal droop rate. 

The aperture jitter is a result of noise within the switching net- 
work which modulates the phase of the hold command and is 
manifested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input. 

The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than 1LSB. The amplitude of 
1LSB of the companion A/D converter for a given input range 
will vary from 610|jlV for a 14-bit A/D using a 0 to 10V input 
range to 4.88mV for a 12 -bit A/D using a ±10V input range. 
The hold mode droop rate should produce less than 1LSB of 
droop m the output during the conversion time of the A/D con- 
verter. For 610fjiV/LSB, as noted in the example above, for an 
8(jls 14-bit A/D converter, the maximum droop rate will be 
610|xV/8fxs or 76.3fxV/fxs during the 8|xs conversion period. 

The linearity error should be less than 1LSB over the transfer 
function, as set by the resolution of the A/D converter. The 
T/H acquisition time, T/H settling time along with the conver- 
sion time of the A/D converter, determines the highest sampling 
rate. This in turn will determine the highest input signal fre- 
quency that can be sampled at twice a cycle. 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in “under sampling” or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter placed in the signal path prior to the AD389 and 
A/D converter to eliminate aliasing. 

The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed- 
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more above +70°C (+158°F). For commercial and indus- 
trial users, these shifts will only appear above the highest tem- 
peratures their equipment will ever expect to experience. Most 
precision instrumentation is installed only in human inhabitable 
work spaces or in controlled enclosures if the area has a hostile 
environment. Thus, the AD 1377 used with a companion AD389 
T/H offers high accuracy sampling in high precision 
applications. 


Spec 

14 Bit 

AD389KD 

Units 

Aperture Jitter (max) 

2.4 

0.4 

ns 

Slew Rate (max w/20V 

1.26 

1.26 

V/|jLs 

pk-pk signal) 

Feedthrough (1LSB max) 

-84.3 

-86 

dB 

Droop Rate (1LSB max 

76.3 

0.1 

|JLV/|JLS 

in 8|xs) 

Acquisition Time 

8 

3-5 

M-S 

for 20kHz Signal 

Pedestal Shift (max) with 

-84.3 

-86 

dB 

Input Signal 

Gain Temperature Co- 

6.1 

2.0 

ppm/°C 

efficient (max) for ±10°C 
Ambient Operation 
Thermal Tail (max) 

1.2 

0.1 

mV 

within 50jjls after Hold 
Linearity Error (max) 1LSB 

±0.0061 

0.003 

% FSR 


Table V. T/H Amplifier Requirements vs. AD389 Specs 


AD389 in 

Combination 

With an 

Throughput 

Rate 

Input Freq. 
Range 

Acq. Time 
& T/H Sett. Time 

& A/D Conv. Time 

AD1377JD 
(13 Bit) 

74.1kHz 

dc to 37.1kHz 

13.5(xs 

AD1377KD 
(14 Bit) 

62.5kHz 

dc to 31.3kHz 

16.0|xs 


Table VI. T/H & ADC Combinations and Maximum 
Throughput Rate 

Using the AD1377 at Slower Conversion Times 

The user may wish to run the AD 1377 at slower conversion 
times in order to synchronize the A/D with an external clock. 
This is accomplished by running a slower clock than the internal 
clock into the START CONVERT input. This clock must con- 
sist of narrow negative-going clock pulses, as seen in Figure 14. 
The pulse must be a minimum of 50ns wide but not greater 
than 400ns. Having a raising edge immediately after a falling 
edge inhibits the internal clock pulse. This enables the AD 1377 
to function normally and complete a conversion after 16 clock 
pulses and serial out in 17 clock pulses. The STATUS com- 
mand will function normally and switch high after the first clock 
pulse and will fall low after the 17th clock pulse. In this way an 
external clock can be used to control the AD 1377 at slower con- 
version times. 



Figure 14. Timing Diagram for Use with an External Clock 
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ANALOG 

DEVICES 


Low Cost 
16-Bit SamplingADC 


ADI 380 


FEATURES 

Complete Sampling 16-Bit ADC With Reference 
and Clock 
50kHz Throughput 
±1/2LSB Nonlinearity 
Low Noise SHA: 300pV p-p 
32-Pin Hermetic DIP 
Parallel and Serial Outputs 
Low Power: 900mW 

APPLICATIONS 

Medical and Analytical Instrumentation 

Signal Processing 

Data Acquisition Systems 

Professional Audio 

Automatic Test Equipment (ATE) 

Telecommunications 


AD1380 FUNCTIONAL BLOCK DIAGRAM 


S/H IN 


+ 5V 

DIGjTAL 

GND 


+ 15V 

ANALOG 

GND 


-15V 


S/H 10V 20V SUMMING GAIN 

OUT SPAN SPAN BIPOLAR JUNCTION ADJ 



MSB 
BIT 2 


BIT 15 


LSB 


SERIAL 

OUT 

BUSY 


START CLOCK 
CONVERT OUT 


PRODUCT DESCRIPTION 

The AD 1380 is a complete, low cost 16-bit analog- to-digital con- 
verter, including internal reference, clock and sample/hold 
amplifier. Internal thin-film-on-silicon scaling resistors allow 
analog input ranges of ±2.5V, ±5V, ±10V, 0 to +5V and 0 to 
+ 10V. 

Important performance characteristics of the AD 1380 include 
maximum linearity error of ±0.003% of FSR (AD1380KD) and 
maximum 16-bit conversion time of 14|jls. Transfer characteris- 
tics of the AD 1380 (gain, offset and linearity) are specified for 
the combined ADC/SHA, so total performance is guaranteed as 
a system. The AD 1380 provides data in parallel and serial form 
with corresponding clock and status outputs. All digital inputs 
and outputs are TTL or 5V CMOS compatible. 


ORDERING GUIDE 



Max Linearity 

Temperature 

Package 

Model 

Error 

Range 

Option* 

AD1380JD 

0.006% FSR 

0 to +70°C 

Ceramic (DH-32E) 

AD1380KD 

0.003% FSR 

0 to +70°C 

Ceramic (DH-32E) 


*See Section 14 for package outline information. 
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QPPriFirATIflllQ (typical @ T A =+25°C, V s = +15V, +5V combined sample and hold A/D converter 
orcuil Ibnl lUIlO unless otherwise noted) 


Model 

AD1380JD 

AD1380KD 

Units 

RESOLUTION 

16 

★ 

Bits 

ANALOG INPUTS 




Bipolar 

±2.5, ±5, ±10 

★ 

Volts 

Unipolar 

0 to +5, 0 to +10 

★ 

Volts 

DIGITAL INPUTS 1 




Convert Command 

TTL Compatible 

★ 


Logic Loading 

Trailing Edge of Positive 
50ns (min) Pulse 

1 

★ 

LSTTL Load 

TRANSFER CHARACTERISTICS 2 
(COMBINED ADC/SHA) 




Gain Error 

±0.1 max, ±0.05 typ 3 

★ 

% FSR 4 

Unipolar Offset Error 

±0.05 max, ±0.02 typ 3 

★ 

% FSR 

Bipolar Zero Error 

±0.05 max, ±0.02 typ 3 

★ 

% FSR 

Linearity Error 

±0.006 

±0.003 

% FSR 

Differential Linearity Error 

±0.003 

* 

% FSR 

Noise (10V Unipolar) 

85 

★ 

|xV rms 

(20V Bipolar) 

115 

★ 

|xV rms 

THROUGHPUT 




Conversion Time 

14 max 

★ 

(JLS 

Acquisition Time (20V Step) 

6 max 

★ 

|XS 

SAMPLE & HOLD 




Small Signal Bandwidth 

900 

★ 

kHz 

Aperture Time 

50 

★ 

ns 

Aperture Jitter 

100 

★ 

ps rms 

Droop Rate 

50 

★ 

|xV/ms 

"Pmin T max 

1 

★ 

mV/ms 

Feedthrough 

-80 

★ 

dB 

DRIFT (ADC & SHA) 5 




Gain 

±20 max 

* 

ppm/°C 

Unipolar Offset 

±5 max (±2 typ) 

★ 

ppm/°C 

Bipolar Zero 

±5 max (±2 typ) 

★ 

ppm/°C 

No Missing Codes (Guaranteed) 

0 to +70 (13 Bits) 

0 to +70 (14 Bits) 

°C 

DIGITAL OUTPUTS 

TTL Compatible 

★ 


All Codes Complementary 

5 

★ 

LSTTL Loads 

Clock Frequency 

1.1 

★ 

MHz 

POWER SUPPLY REQUIREMENTS 




Analog Supplies 

±15 ±0.5 

★ 

Volts 

Digital Supply 

+ 5 ±0.25 

★ 

Volts 

+ 15V Supply Current 

25 

★ 

mA 

-15 V Supply Current 

30 

★ 

mA 

+5V Supply Current 

15 

★ 

mA 

Power Dissipation 

900 

★ 

mW 

TEMPERATURE RANGE 




Specified 

0 to +70 

★ 

°C 

Operating 

-25 to +85 

★ 

°C 


NOTES 

‘Logic “0” = 0.8V, max. Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = 0.4V max. Logic “1” = 2.4V min. 
2 Tested on ±10V and 0 to + 10V ranges. 

Adjustable to zero. 

4 Full scale range. 

5 Guaranteed but not 100% production tested. 

^Specifications same as AD1380JD. 

Specifications subject to change without notice. 
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THEORY OF OPERATION 

A 16-bit A/D converter partitions the range of analog inputs into 
2 16 discrete ranges or quanta. All analog values within a given 
quantum are represented by the same digital code, usually 
assigned to the nominal midrange value. There is an inherent 
quantization uncertainty of ±1/2LSB, associated with the resolu- 
tion, in addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D con- 
verters are combinations of analog errors due to the linear cir- 
cuitry, matching and tracking properties of the ladder and scal- 
ing networks, reference error and power supply rejection. The 
matching and tracking errors in the converter have been mini- 
mized by the use of monolithic DACs that include the scaling 
network. The initial gain and offset errors are specified at 
±0.1% FSR for gain and ±0.05% FSR for offset. These errors 
may be trimmed to zero by the use of external trim circuits as 
shown in Figures 2 and 3. Linearity error is defined for unipolar 
ranges as the deviation from a true straight line transfer charac- 
teristic from a zero voltage analog input, which calls for a zero 
digital output, to a point which is defined as a full scale. The 
linearity error is based on the DAC resistor ratios. It is unad- 
justable and is the most meaningful indication of A/D converter 
accuracy. Differential nonlinearity is a measure of the deviation 
in the staircase step width between codes from the ideal least 
significant bit step size (Figure 1). 

Monotonic behavior requires that the differential linearity error 
be less than 1LSB, however a monotonic converter can have 
missing codes; the AD 1380 is specified as having no missing 
codes over temperature ranges as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer char- 
acteristic left or right on the diagram over the operating temper- 
ature range. Gain drift causes a rotation of the transfer charac- 
teristic about the zero for unipolar ranges or minus full scale 
point for bipolar ranges. The worst case accuracy drift is the 
summation of all three drift errors over temperature. Statisti- 
cally, however, the drift error behaves as the root- sum-squared 
(RSS) and can be shown as: 

RSS = Ve G 2 + € 0 2 + e L 3 
e G = Gain Drift Error (ppm/°C) 
e Q = Offset Drift Error (ppm of FSR/°C) 
e L = Linearity Error (ppm of FSR/°C) 



Figure 1. Transfer Characteristics for an Ideal Bipolar A/D 


DESCRIPTION OF OPERATION 

On receipt of a CONVERT START command, the AD 1380 
converts the voltage at its analog input into an equivalent 16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive approximation register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog 
input is successively compared to the feedback DAC output, one 
bit at a time (MSB first, LSB last). The decision to keep or 
reject each bit is then made at the completion of each bit com- 
parison period, depending on the state of the comparator at that 
time. 

GAIN ADJUSTMENT 

The gain adjust circuit consists of a 100ppm/°C potentiometer 
connected across ±V S with its slider connected through a 300kG 
resistor to the gain adjust Pin 3 as shown in Figure 2. 

If no external trim adjustment is desired, Pin 5 (OFFSET ADJ) 
and Pin 3 (GAIN ADJ) may be left open. 


+ 15V 



Figure 2. Gain Adjustment Circuit (±0.2% FSR) 
OFFSET ADJUSTMENT 

The zero adjust circuit consists of a 100ppm/°C potentiometer 
connected across ±V S with its slider connected through a 
1.8MD resistor to Comparator Input Pin 5 for all ranges. As 
shown in Figure 3, the tolerance of this fixed resistor is not crit- 
ical, and a carbon composition type is generally adequate. Using 
a carbon composition resistor having a - 1200ppm/°C tempco 
contributes a worst-case offset tempco of 32LSB 14 x 
61ppm/LSB 14 xl200ppm/°C = 2.3ppm/°C of FSR, if the OFF- 
SET ADJ potentiometer is set at either end of its adjustment 
range. Since the maximum offset adjustment required is typi- 
cally no more than ±16LSB 14 , use of a carbon composition off- 
set summing resistor typically contributes no more than 
lppm/°C of FSR offset tempco. 


+15V 



-15V 


Figure 3. Offset Adjustment Circuit (±0.3% FSR) 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco <100ppm/°C) are 
used, is shown in Figure 4. 

In either adjust circuit, the fixed resistor connected to Pin 5 
should be located close to this pin to keep the pin connection 
runs short. Comparator Input Pin 5 is quite sensitive to external 
noise pickup and should be guarded by analog common. 
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Figure 4. Low Tempco Zero Adjustment Circuit 

TIMING 

The timing diagram is shown in Figure 5. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 


the gated clock permitting it to run through 17 cycles. All the 
SAR parallel bits, STATUS flip-flops and the gated clock 
inhibit signal are initialized on the trailing edge of the CON- 
VERT START signal. At time t 0 , Bi is reset and B 2 - B 16 are 
set unconditionally. At t 2 the Bit 1 decision is made (keep) and 
Bit 2 is reset unconditionally. This sequence continues until the 
Bit 16 (LSB) decision (keep) is made at t 16 . The STATUS flag 
is reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag restores 
the gated clock inhibit signal, forcing the clock output to the 
low Logic “0” state. Note that the clock remains low until the 
next conversion. 

Corresponding parallel data bits become valid on the same 
positive-going clock edge. 


CONVERT 1 

START 


INTERNAL 
CLOCK - 


-MAXIMUM THROUGHPUT TIME — 
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BIT 9 J 

bit io:::j 
BIT 11ZIU 
BIT 12”2IJ 

BIT 133Hi 
BIT 14 3311 

BIT 15 333*1 
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NOTES 

1. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2- Wv = 14|xs (MAX), t ACQ = 6 |aS (MAX). 

3. MSB DECISION. 

4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 


Figure 5. Timing Diagram (Binary Code 0110011101111010) 


DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers is in 
negative true form (Logic “1” = 0V and Logic “0” = 2.4V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. 
Parallel data becomes valid at least 20ns before the STATUS 
flag returns to Logic “0”, permitting parallel data transfer to be 
clocked on the “1” to “0” transition of the STATUS flag (see 
Figure 6). 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 

BIT 16 . , 

VALID \ / 

BUSY L * 

(STAfUS) 

20ns MIN TO 90ns 

Figure 6. LSB Valid to Status Low 




-1 k 30ns TO 120ns MAX 


Figure 7. Clock High to Serial Out Valid 

(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 120ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 7. There are 17 
negative-going clock edges in the complete 16-bit conversion 
cycle. The first negative edge shifts an invalid bit into the regis- 
ter, which is shifted out on the last negative-going clock edge. 
All serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion of 
the conversion period. 
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INPUT SCALING 

The AD 1380 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the A/D converter. Connect the input signal 
as shown in Table I. See Figure 8 for circuit details. 



ANALOG ffp l L 

COMMON -L. 


Input 

Signal 

Line 

Output 

Code 

Connect 
Pin 4 
to Pin 

Connect 
Pin 7 

to 

Connect 
Input 
Signal to 

Connect 
Pin 32 

to 

±10V 

COB 

5 

32 

31 

7 

±5V 

COB 

5 

Open 

31 

6 

±2.5V 

COB 

5 

Pin 5 

31 i 

6 

0V to + 5V 

CSB 

NC 

Pin 5 

31 

6 

OVto+lOV 

CSB 

NC 

Open 

31 

6 


NOTE 

Pin 5 is extremely sensitive to noise and should be guarded by analog common. 


Table I. ADI 380 Input Scaling Connections 


Figure 8. ADI 380 Input Scaling Circuit 


Code Under Test 
MSB LSB 

Range 

±10V 

Low 

±5V 

Side Transition 
± 2.5V 

Value 

Oto +10V 

0 to +5V 

000 .. . 000* 

+ Full Scale 

+ 10V 
-3/2LSB 

+5V 

-3/2LSB 

+2.5V 

-3/2LSB 

+ 10V 
-3/2LSB 

+ 5V 

-3/2LSB 

Oil . . . Ill 

111 . . . 110 

Mid Scale 

-Full Scale 

0-1/2LSB 

-10V 
+ 1/2LSB 

0-1/2LSB 

-5V 

+ 1/2LSB 

0-1/2LSB 

-2.5V 
+ 1/2LSB 

+ 5V-1/2LSB 

OV 

+ 1/2LSB 

+2.5V-1/2LSB 

OV 

+ 1/2LSB 


NOTE 


For LSB value for range and resolution used, see Table III. 

^Voltages given are the nominal value for transition to the code specified. 

Table II. Transition Values vs. Calibration Codes 


Analog Input 
Voltage Range 


±10V 

±5V 

±2.5V 

0V to +10V 

0V to +5V 

Code 


COB* 

COB* 

COB* 



Designation 


or CTC** 

or CTC** 

or CTC** 

CSB*** 

CSB*** 

One Least FSR 
Significant 
(Bit LSB) 

FSR 

2 n 

20V 

~r~ 

10V 

2 n 

5V 

2 n 

10V 

"2 s ” 

5V 

2 n 


n = 8 

78.13mV 

39. 06m V 

19.53mV 

39.06mV 

19.53mV 


n= 10 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n= 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 


n= 13 

2.44mV 

1.22mV 

0.61mV 

1.22mV 

0.61mV 


n= 14 

1.22mV 

0.61mV 

0.31mV 

0.61mV 

0.31mV 


n= 15 

0.61mV 

0.31mV 

0.15mV 

0.31mV 

0.15mV 


NOTES 

*COB = Complementary Offset Binary. 

**CTC - Complementary Twos Complement - ach ieved by using an inverter to complement 
the most significant bit to produce (MSB). 

***CSB - Complementary Straight Binary. 

Table III. Input Voltage Range and LSB Values 
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CALIBRATION (14-Bit Resolution Examples) 

External ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figures 2 and 3, are used for device calibration. To 
prevent interaction of these two adjustments. Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and -FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 

0 to + 10V Range: Set analog input to + 1LSB 14 = 

0.00061V. Adjust Zero for digital output = 11111111111110. 
Zero is now calibrated. Set analog input to +FSR - 2LSB 
= + 9.99878V. Adjust Gain for 00000000000001 digital output 
code; full scale (Gain) is now calibrated. Half-scale calibration 
check: set analog input to + 5.00000V; digital output code 
should be 01111111111111. 

-I0V to + 10V Range: Set analog input to -9.99878V; adjust 
zero for 1111111111110 digital output (complementary offset 
binary) code. Set analog input to 9.99756V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 0. 00000 V; 
digital output (complementary offset binary) code should be 
01111111111111. 



Figure 9. Analog and Power Connections for Unipolar 0 to 
+ 10V Input Range 



ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 10. Analog and Power Connections for Bipolar - 10V 
to +10V Input Range 


Other Ranges: Representative digital coding for 0 to + 10V 
and - 10V to + 10V ranges is given above. Coding relationships 
and calibration points for 0 to +5V, -2.5V to +2.5V and -5V 
to +5V ranges can be found by halving proportionally the corre- 
sponding code equivalents listed for the 0 to + 10V and - 10 V to 
+ 10V ranges, respectively, as indicated in Table II. 

Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately ± 1/2LSB using the static adjustment pro- 
cedure described above. By summing a small sine or triangular 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes of 
interest to more accurately determine the center (or end points) 
of each discrete quantization level. A detailed description of this 
dynamic calibration technique is presented in Analog-Digital 
Conversion Handbook, edited by D. H. Sheingold, Prentice-Hall, 
Inc., 1986. 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 

Many data acquisition components have two or more ground 

•>» /\ YYMfU** 1 * ♦•'Uo /"! 0<» r « /V> TTVl. OPO 

pma which ait nut tumitutu lAjgctnci wnnm uit utvitt. i utbt 

“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (Pins 8 and 30) must be tied together at 
one point for the AD 1380 as close as possible to the converter. 
Ideally, a single, solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes on the circuit cards, and since these paths have resistance 
and inductance, hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
AD 1380. Separate wide conductor stripe ground returns should 
be provided for high resolution converters to minimize noise and 
IR losses from the current flow in the path from the converter 
to the system ground point. In this way AD 1380 supply cur- 
rents and other digital logic-gate return currents are not 
summed into the same return path as analog signals where they 
would cause measurement errors. 

Each of the AD 1380 supply terminals should be capacitively 
decoupled as close to the AD 1380 as possible. A large value 
capacitor such as l|xF in parallel with a 0.1 fxF capacitor is usu- 
ally sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal cover is internally grounded with respect to the 
power supplies, grounds and electrical signals. Do not externally 
ground the cover. 
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APPLICATION 

AD1380 Dynamic Performance 

High performance sampling analog-to-digital converters like the 
AD 1380 require dynamic characterization to assure they meet or 
exceed their desired performance parameters for signal process- 
ing applications. Key dynamic parameters include signal-to-noise 
ratio (SNR) and total harmonic distortion (THD), which are 
characterized using Fast Fourier Transform (FFT) analysis 
techniques. 

The results of that characterization are shown in Figure 1 1 . In 
the test a 13.2kHz sine wave is applied as the analog input (f Q ) 
at a level of lOdB below full scale; the AD 1380 is operated at a 
word rate of 50kHz (its maximum sampling frequency). 


The results of a 1024-point FFT demonstrate the exceptional 
performance of the converter, particularly in terms of low noise 
and harmonic distortion. 

In Figure 11, the vertical scale is based on a full scale input ref- 
erenced as OdB. In this way, all (frequency) energy cells can be 
calculated with respect to full scale rms inputs. 

The resulting signal-to-noise ratio is 83.2dB, which corresponds 
to a noise floor of -93.2dB. 

Total harmonic distortion is calculated by adding the RMS 
energy of the first four harmonics and equals -97.5dB. Increas- 
ing the input signal amplitude to -0.4dB of full scale, causes 
THD to increase to -80.6dB as shown in Figure 12. 
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REL PWR DENSITY (dB) 


At lower input frequencies, however, THD performance is 
improved. Figure 13 shows a full scale (-0.3dB) input signal at 
1.41kHz. THD is now -96.0dB. 


The ultimate noise floor can be seen with low level input signals 
of any frequency. In Figure 14 the noise floor is at -94dB, as 
demonstrated with an input signal of 24kHz at -39.8dB. 



1 44 86 129 171 214 257 299 342 384 427 469 512 

FREQUENCY (x48.8281Hz) 

20V SPAN 


Figure 13. 
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Figure 14. 
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ANALOG 

DEVICES 


12-Bit 200 KSPS 
Complete Sampling ADC 


ADI 678 


FEATURES 

AC Characterized and Specified 
200k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
72 dB S/N+D (K Grade) 

Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 

10 MU Input Impedance 
8-Bit or 16-Bit Bus Interface 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 


AD1678 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD 1678 is a complete 12-bit monolithic analog-to-digital 
converter, consisting of a sample-hold amplifier (SHA), a micro- 
processor compatible bus interface, a voltage reference and clock 
generation circuitry. 

The AD 1678 offers a choice of digital interface formats; the 12 
data bits can be accessed by a 16-bit bus in a single read opera- 
tion or by an 8-bit bus in two read operations (8+4), with right 
or left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High input 
impedance (10 MD) allows direct connection to unbuffered 
sources without signal degradation. 

This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD 1678 operates from +5 V and ±12 V supplies and dissi- 
pates 745 mW. A 28-pin plastic DIP and a 0.6" wide ceramic 
DIP are available. Contact factory for surface-mount package 
options. 


PRODUCT HIGHLIGHTS 

1. INTEGRATION: The AD 1678 minimizes external compo- 
nent requirements by combining a high speed sample-hold 
amplifier (SHA), ADC, 5 V reference, clock and digital 
interface on a single chip. This provides a fully specified 
sampling A/D function unattainable with discrete designs. 

2. PERFORMANCE: The AD 1678 provides a throughput of 
200k conversions per second. S/N+D is 72 dB (K grade) at 
10 kHz and remains flat beyond the Nyquist frequency. 

3. SPECIFICATIONS: The AD1678 is specified for ac (or 
“dynamic”) specifications such as S/N+D ratio, THD and 
IMD. These parameters are important in signal processing 
applications as they represent the effect on the spectral con- 
tent of the input signal. 

4. EASE OF USE: The pinout is designed for easy board lay- 
out, and the choice of single or two read cycle output pro- 
vides compatibility with 16- or 8-bit buses. Factory trimming 
eliminates the need for calibration modes or external trim- 
ming to achieve rated performance. 

5. RELIABILITY: The AD1678 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 


ANALOG-TO-DIGITAL CONVERTERS 3-191 





SPECIFICATIONS 


■ a cnrririOATiniic ^ min ^ max ’ — ^ ^ EE "" ^ ^ ^dd — +5 V, Isample 

Ay orLUlrloAMUNb f| N = 10.06 kHz 1 , unless otherwise noted) 

= 200 KSPS, 



AD1678J 

AD1678K ] 


Parameter 

Min Typ Max 

Min Typ Max 

Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 2 




(w +25°C 

70 71 

72 73 

dB 

^min ^max 

70 71 


dB 

TOTAL HARMONIC DISTORTION (THD) 3 




@ +25°C 

-88 -80 

-88 -80 

dB 


Wl | il|i l ii | |i | ii"li l| iil 1 iii | M 1 1 N'lil 

0.004 0.010 

% 

T mi „ to T max 

-85 -78 

-85 -78 

dB 


0.005 0.012 

0.005 0.012 

% 

PEA«K SPURIOUS OR PEAK HARMONIC COMPONENT 

-87 -80 

f 

00 

1 

dB 

FULL POWER BANDWIDTH 

1 

1 

MHz 

FULL LINEAR BANDWIDTH 


500 

kHz 

INTERMODULATION DISTORTION (IMD) 4 




2nd Order Products 


00 

1 

« r\ 
00 

1 

dB 

3rd Order Products 


-90 -80 

dB 


NOTE 

V amplitude = -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a 0 dB 
(9.997 V p-p) input signal. 

2 See Figures 7 and 8 for higher frequencies and other input amplitudes. 

3 See Figure 6 for other conditions. 

4 f A = 9.08 kHz, f B = 9.58 kHz, with f SA MPLE = 200 KSPS. See Figure 10 and Definition of Specifications section. 
Specifications subject to change without notice. 


DIGITAL SPECIFICATIONS d min to T max , v cc = +12 v, v EE = -12 v, v DD = +5 v ±10%) 


Parameter 

Test Conditions 

Min 

Max 

Units 

LOGIC INPUTS 

V IH High Level Input Voltage 


2.4 


V 

V IL Low Level Input Voltage 



0.8 

V 

I IH High Level Input Current 

V IN = 5 V 


10 

|xA 

I u Low Level Input Current 

V IN = 0 V 


10 

fxA 

C IN Input Capacitance 



10 

PF 

LOGIC OUTPUTS 

V OH High Level Output Voltage 

Iqh — 0.1 mA 

4.0 


V 


Iqpj — 0.5 mA 

2.4 


V 

V OL Low Level Output Voltage 

I 0 l = L6 mA 


0.4 

V 

I oz High Z Leakage Current 

V IN = 0 or 5 V 


10 

|xA 

C oz High Z Output Capacitance 



10 

pF 


NOTES 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 
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DC SPECIFICATIONS (@ +25°C, V cc = +12 V, V EE = “12 V, V DD = +5 V unless otherwise indicated) 


Parameter 

Min 

AD1678J 

Typ 

Max 

Min 

AD1678K 

Typ 

Max 

Units 

ACCURACY 








Resolution 

12 



12 



Bits 

Differential Linearity 








T min to T max (No Missing Codes) 

12 



12 



Bits 

Integral Linearity Error 


±1 



±1 


LSB 

Unipolar Zero Error 1 


±4 



±4 


LSB 

Bipolar Zero Error 1 


±4 



±4 


LSB 

Unipolar Gain Error 1 ’ 2 


±3 



±3 


LSB 

Bipolar Gain Error 1,2 


±3 



±3 


LSB 

Temperature Drift (Coefficients) 3 








Unipolar Zero 


±2 (10) 



±2 (10) 


LSB (ppm/°C) 

Bipolar Zero 


±2 (10) 



±2 (10) 


LSB (ppm/°C) 

Unipolar Gain 


±4 (20) 



±4 (20) 


LSB (ppm/°C) 

Bipolar Gain 


±4 (20) 



±4 (20) 


LSB (ppm/°C) 

ANALOG INPUT 








Input Ranges 








Unipolar Mode 

0 


+ 10 

0 


+ 10 

V 

Bipolar Mode 

-5 


+ 5 

-5 


+5 

V 

Input Resistance 


10 



10 


MCI 

Input Capacitance (f IN =100 kHz) 


10 



10 


pF 

Input Settling Time 



1 



1 

pus 

Aperture Delay 

5 


20 

5 


20 

ns 

Aperture Jitter 


150 



150 


ps 

INTERNAL VOLTAGE REFERENCE 








Output Voltage 4 

4.95 


5.05 

4.95 


5.05 

V 

External Load 








Unipolar Mode 



+1.5 



+ 1.5 

mA 

Bipolar Mode 



+0.5 



+0.5 

mA 

POWER SUPPLIES (T mi „ to T m , x ) 








Operating Voltages 








Vcc 

+ 11.4 

+ 12 

+ 12.6 

+ 11.4 

+ 12 

+ 12.6 

V 

Vee 

-12.6 

-12 

-11.4 

-12.6 

-12 

-11.4 

V 

v DD 

+4.5 

+ 5 

+5.5 

+4.5 

+ 5 

+ 5.5 

V 

Operating Current 








Icc 


18 

20 


18 

20 

mA 

Iee 


25 

34 


25 

34 

mA 

^dd 


8 

12 


8 

12 

mA 

Power Consumption 


560 

745 


560 

745 

mW 


NOTES 

'Adjustable to zero; see Figures 12 and 13. 
includes internal voltage reference error. 

^Includes internal voltage reference drift. 

4 With maximum external load applied. 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 
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TIMING SPECIFICATIONS (T raln toT max ,v cc = +12 v, v EE = -12 v, v DD = +sv> 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

SC Delay 


50 



ns 

Conversion Rate 




5 

(XS 

Convert Pulse Width 


150 



ns 

Aperture Delay 

*AD 

5 


20 

ns 

Conversion Time 1 

tc 


3.9 

4.47 

|XS 

Status Delay 

*SD 

0 



ns 

Access Time 2 

^BA 




ns 

Float Delay 3 

*FD 

10 



ns 

Update Delay 

tuD 




ns 

Format Setup 


60 



ns 

OE Delay 

toE 

20 



ns 

Read Pulse Width 

tRP 

100 



ns 4 



150 



ns 5 

Conversion Delay 

*CD 

150 



ns 

EOCEN Delay 


20 



ns 


NOTES 

‘Includes Acquisition Time. 

2 Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data lines/EOC cross 2.0 V or 0.8 V. 
See Figure 3; C OUT = 100 pF. 

3 Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. 

See Figure 3; C OUT = 10 pF. 

4 12-bit read mode. 

5 8-bit read mode. 

Specifications subject to change without notice. 



NOTES 

’IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION. SEE 
THE ST ART CONVERSION TRUTH TABLE FOR DETAILS. 

2 EOCEN = LOW; SEE FIGURE 2. IN SYNCHRONOUS MODE, EOC IS A THREE-STATE 
OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. 

3 DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


Figure 1. Conversion Timing 


cs 


EOCEN 


EOC 1 


— rr / — 

i i 

ay— 


NOTE 

’SEE END-OF-CONVERT (EOC) PARAGRAPH FOR DETAILS. 


Figure 2. EOC Timing 



Figure 3. Load Circuit for Bus Timing Specifications 


3-194 ANALOG-TO-DIGITAL CONVERTERS 
















ADI 678 


CONVERSION CONTROL 

In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver- 
sion. CS should be LOW t sc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started by 
bringing SC low, regardless of the state of CS. 

Before a conversion is started, End-Of-Convert (EOC) is HIGH, 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. EOC goes HIGH when the 
conversion is finished. 

In track mode, the sample-hold will settle to ±0.01% (12 bits) 
in 1 |xs maximum. The acquisition time does not affect the 
throughput rate as the AD 1678 goes back into track mode more 


12-BIT MODE CODING FORMAT (1 LSB = 2.44 mV) 


Unipolar Coding 
(Straight Binary) 

Bipolar Coding 
(Twos Complement) 

V IN 

Output Code 

V, N 

Output Code 

0 

000 ... 0 

-5.000 V 

100 ... 0 

5.000 V 

100 ... 0 

-0.002 V 

111 ... 1 

9.9964 V 

111 ... 1 

0 

000 ... 0 



+2.500 V 

010 ... 0 



+4.9964 V 

Oil ... 1 


OUTPUT ENABLE TRUTH TABLES 


12-BIT MODE (12/8 = HIGH) 


INPUTS 

OUTPUT 

(CS UOE) 

DB11-DB0 

i 

\ 

High Z 

Enable 12-Bit Output 


8-BIT MODE (12/8 = LOW) 



NOTES 

1 = HIGH voltage level. a = MSB. 

0 = LOW voltage level. 1 = LSB. 

X = Don’t care. = HIGH to LOW transition. Must 

U = Logical OR. stay low for t = tjy.. 


than 1 |jls before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput rate is needed. 

END-OF-CONVERT 

In asynchronous mode, End-Of-Convert (EOC) is an open drain 
output (requiring a mini mum 3 kC l pull-up resistor) enabled by 
End-Of-Convert ENable (EOCEN). In synchronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. See 
the Conversion Status Truth Table for details. Access (t BA ) and 
float (t FD ) timing specifications do not apply in asynchronous 
mode where they are a function of the time constant formed by 
the 10 pF output capacitance and the pull-up resistor. 


START CONVERSION TRUTH TABLE 


Synchronous 

Mode 


Asynchronous 

Mode 


INPUTS | 

SYNC 

CS 

sc 

1 

1 

X 

1 

0 

\ 

1 

\ 

0 

1 

0 

0 

0 

X 

1 

0 

X 


0 

X 

0 


X No Conversion 
\ Start Conversion 

0 Start Conversion 

(Not Recommended) 

0 Continuous Conversion 

1 No Conversion 
t Start Conversion 

0 Continuous Conversion 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

= HIGH to LOW transition. Must stay low for t = tcp. 


CONVERSION STATUS TRUTH TABLE 



INPUTS 


SYNC 

CS 

EOCEN 

1 

0 

0 

1 

0 

0 

1 

1 

X 

1 

X 

1 

0 

X 

0 

0 

X 

0 

0 

X 

1 


OUTPUT 

EOC STATUS 

0 Converting 

1 Not Converting 

High Z Either 

High Z Either 

0 Converting 

High Z Not Converting 

High Z Either 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

*EOC requires a pull-up resistor in asynchronous mode. 
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OUTPUT ENABLE OPERATION 

The data bits (DB11-DB0) are three-state outputs enabled by 
Chip Select (CS) and Output Enable (OE). CS j>hould be LOW 
t OE be fore OE is brought LOW. Bits DB1 (R/L) and DBO 
(HBE) are bidirectional. In 12-bit mode they are data output 
bits. In 8-bit mode they are inputs which define the format of 
the output register. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REF OUT ), 
output coding is twos complement binary. 

When EOC goes HIGH, the output register contains the results 
of the previous conversion. A period of time t UD is required for 
the present conversion results to bejoaded into the output regis- 
ter. Bringing OE LOW t OE after CS goes LOW makes the out- 
put register contents available on the data bits. A period of time 
t CD is required after OE is brought HIGH before the next SC 
instruction is issued. This allows internal logic states to reset 
and guarantees minimum aperture jitter for the next conversion. 

Output Enable (OE) must be toggled to update the output 
register in both 8- and 12-bit read modes. 

Figure 4 illustrates the 8-bit read mode (12/8 = LOW), where 
only DB11-DB4 are used as output lines onto an 8-bit bus. The 
output is read in two steps, with the high byte r ead first, fol- 
lowed by the low byte. High Byte Enable (HBE) controls the 
output sequence. The 12-bit Result can be right or left justified 
depending on the state of R/L. 

In 12-bit read mode (12/8 = HIGH), a single READ operation 
accesses all 12 output bits on DB11-DB0 for interface to a 16- 
bit bus. Figure 5 provides the output timing relationships. Note 
that t CR must be observed, in that SC pulses should not be 
issued at intervals closer than 5 |xs. If SC is asserted sooner than 
5 jxs, conversion accuracy may deteriorate. For this reason SC 
should not be held LOW in an attempt to operate in a continu- 
ous convert mode. 


POWER-UP 

One conversion sequence, consisting of one SC instruction, is 
required after power-up to reset internal logic. 



NOTE _ __ 

’IN ASYNCHRONOUS MODE. OE IS INDEPENDENT OF CS. 


Figure 4. Output Timing , 8-Bit Read Mode 



Figure 5. Output Timing, 12-Bit Read Mode 
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Dynamic Performance - ADI 678 



INPUT FREQUENCY - kHz 


INPUT AMPLITUDE - dB 


Figure 6. Harmonic Distortion vs. Input Frequency Figure 7. S/N+D vs. Input Amplitude (f sample = 200 KSPS) 



0 50 100 150 200 0 10 20 30 40 50 60 70 80 90 100 

INPUT FREQUENCY - kHz FREQUENCY - kHz 


Figure 8. S/N+D vs. Input Frequency and Amplitude Figure 9. Nonaveraged 2048 Point FFT at 200 KSPS, 

F in = 49.902 kHz 



FREQUENCY - kHz 



RIPPLE FREQUENCY - kHz 


Figure 10. IMD Plot for F IN = 9.08 kHz (fa), 9.58 kHz (fb) Figure 1 1. Power Supply Rejection (f, N =10 kHz, 

f sample ~ 200 KSPS, V RIPPLE = 0.1 V p-p) 
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Definition of Specifications 


FREQUENCY DOMAIN TESTING 

The AD 1678 is tested dynamically using a sine wave input and a 
2048 point Fast Fourier Transform (FFT) to analyze the result- 
ing output. Coherent sampling is used, wherein the ADC sam- 
pling frequency and the analog input frequency are related to 
each other by a ratio of integers. This ensures that an integral 
multiple of input cycles is captured, allowing direct FFT pro- 
cessing without windowing or digital filtering which could mask 
some of the dynamic characteristics of the device. In addition, 
the frequencies are chosen to be “relatively prime” (no common 
factors) to maximize the number of different ADC codes that 
are present in a sample sequence. The result, called Prime 
Coherent Sampling, is a highly accurate and repeatable measure 
of the actual frequency domain response of the converter. 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter, is that input frequency which is one- 
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. The 
value for S/N+D is expressed in decibels. 

TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of the 
measured input signal. 

INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1, 2, 3 . . . Intermodulation 
terms are those for which m or n is not equal to zero. For exam- 
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals applied to the con- 
verter are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a 0 dB input signal. 

BANDWIDTH 

The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 


At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 

The AD 1678 has been designed to optimize input bandwidth, 
allowing the AD 1678 to undersample input signals with frequen- 
cies significantly above the converter’s Nyquist frequency. If the 
input signal is suitably band-limited, the spectral content of the 
input signal can be recovered. 

APERTURE DELAY 

Aperture delay is a measure of the SHA’s performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 

APERTURE JITTER 

Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 

INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are 1 LSB apart. Differential 
nonlinearity is the deviation from this ideal value. It is often 
specified in terms of resolution for which no missing codes are 
guaranteed. 

For the AD 1678, this specification is 12 bits from T min to 
T max , which guarantees that all 4096 codes are present over 
temperature. 

UNIPOLAR ZERO ERROR 

In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 

BIPOLAR ZERO ERROR 

In the bipolar mode, the major carry transition (1111 1111 1111 
to 0000 0000 0000 ) should occur at an analog value 1/2 LSB 
below analog ground. Bipolar zero error is the deviation of the 
actual transition from that point. This error can be adjusted as 
discussed in the Input Connections and Calibration section. 

GAIN ERROR 

The last transition should occur at an analog value 1 1/2 LSB 
below the nominal full scale (9.9963 volts for a 0-10 V range, 
4.9963 volts for a ±5 V range). The gain error is the deviation 
of the actual level at the last transition from the ideal level with 
the zero error trimmed out. This error can be adjusted as shown 
in the Input Connections and Calibration section. 
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ADI 678 

AD1678 PIN 

Symbol 

DESCRIPTION 

Pin No. Type 

Name and Function 

AGND 

7 

P 

Analog Ground. 

AIN 

6 

Al 

Analog Signal Input. 

BIPOFF 

10 

Al 

Bipolar Offset. Connect to AGND for +10 V input unipolar mode and straight binary output 
coding. Connect to REF OUT through 50 fl resistor for ±5 V input bipolar mode and twos 
complement binary output coding. See Figures 12 and 13. 

CS 

4 

Dl 

Chip Select. Active LOW. 

DGND 

14 

P 

Digital Ground 

DB11-DB4 

26-19 

DO 

Data Bits 11 through 4. In 12-bit format (see 12/8 pin), these pins provide the upper 8 bits of 
data. In 8-bit format, these pins provide all 12 bits in two bytes (see R/L pin). Active HIGH. 

DB3, DB2 

18, 17 

DO 

Data Bits 3 and 2. In 12-bit format, these pins provide Data Bit 3 and Data Bit 2. Active 

HIGH. In 8-bit format they are undefined and should be tied to V DD . 

DB1 (R/L) 

16 

DO 

In 12-bit format, Data Bit 1. Active HIGH. 

DBO(HBE) 

15 

DO 

In 12-bit format, Data Bit 0. Active HIGH. 

EOC 

27 

DO 

End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the conver- 
sion is finished. In asynchronous mode, EOC is an open drain output and requires an external 

3 kfl pull-up resistor. See EOCEN and SYNC pins for information on EOC gating. 

EOCEN 

1 

DI 

End-Of-Convert Enable. Enables EOC pin. Active LOW. 

HBE (DBO) 

15 

DI 

In 8-bit format, High Byte Enable. If LOW, output contains high byte. If HIGH, output con- 
tains low byte. 

OE 

2 

DI 

Output Enable. The falling edge of OE enables DB11-DB0 in 12-bit format and 

DB11-DB4 in 8-bit format. Gated with CS. Active LOW. 

REF in 

9 

AI 

Reference Input. +5 V input gives 10 V full scale range. 

REF out 

8 

AO 

+ 5 V Reference Output. Tied to REF IN through 50 Cl resistor for normal operation. 

R/L (DB1) 

16 

DI 

In 8-bit format, Right/Left justified. Sets alignment of 12-bit result within 16-bit field. Tied to 

V DD for right-justified output and tied to DGND for left-justified output. 

SC 

3 

DI 

Start Convert. Active LOW. See SYNC pin for gating. 

SYNC 

13 

DI 

SYNC Control. If tied to V DD (synchronous mode), SC, EOC and EOCEN are gated by CS. If 
tied to DGND (asynchronous mode), SC and EOCEN are independent of CS, and EOC is an 
open drain output. EOC requires an external 3k Cl pull-up resistor in asynchronous mode. 

Vcc 

11 

P 

+ 12 V Analog Power. 

v EE 

5 

P 

— 12 V Analog Power. 

Vdd 

28 

P 

+5 V Digital Power. 

12/8 

12 

DI 

Twelve/eight bit format. If tied HIGH, sets output format to 12-bit parallel. If tied LOW, sets 
output format to 8-bit multiplexed. 


Type: AI = Analog Input. 

AO = Analog Output. 

DI = Digital Input (TTL and 5 V CMOS compatible). 

DO = Digital Output (TTL and 5 V CMOS compatible). All DO pins are three-state drivers. 
P = Power. 
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ABSOLUTE MAXIMUM RATINGS* 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

V cc 

AGND 

-0.3 

+ 18 

V 

Vee 

AGND 

-18 

+0.3 

V 

Vcc 

V EE 

-0.3 

+26.4 

V 

V DD 

DGND 

0 

+7 

V 

AGND 

DGND 

-1 

+ 1 

V 

AIN, REF in 

AGND 

-12 

+ 12 

V 

REF in 

V E e 

0 

Vcc 

V 

REF in 

Vcc 

Vee 

0 

V 

Digital Inputs 

DGND 

-0.5 

+7 

V 

Digital Outputs 

DGND 

V) 

0 

1 

V DD +0.3 

V 

Max Junction 





Temperature 



175 

°C 

Operating Temperature 


0 

+ 70 

°C 

Storage Temperature 


-65 

+ 150 

°C 

Lead Temperature 





(10 sec max) 



+ 300 

°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


PIN CONFIGURATION 


EOCEN pT 
OE (~2~ 
Sc[~3~ 
CS f~4~ 

v-H 

A| N f~6~ 
AGND |~~7~ 


AD1678 


, TOP VIEW 

REFqut | _8_ (Not to Scale) 

r EF (N [~9~ 

BIP0FF F 

VccR 

12/8 r iF 

SYNC [jT 
DGNdQF 


~2S] Vdd 
~27~[ EOC 
~26~| DB11 
~25~| DB10 

1T]dB9 

~23~[ DB8 
~22~[ DB7 
TT] DB6 
"SI DB5 
17] DB4 
IF) DB3 

171 DB2 

jFj DB1 (R/L) 
17] DBO (KIBE) 


ORDERING GUIDE 


Model 

Package 

Mimimum S/N + D @ 

10 kHz, -0.5 dB Input 

Temperature 

Range 

Package 

Options* 

AD1678JN 

28-Pin Plastic DIP 

70 dB 

0 to +70°C 

N-28A 

AD1678KN 

28-Pin Plastic DIP 

72 dB 

0 to +70°C 

N-28A 

AD1678JD 

28-Pin Ceramic DIP 

70 dB 

0 to +70°C 

D-28A 

AD1678KD 

28-Pin Ceramic DIP 

72 dB 

0 to +70°C 

D-28A 


♦See Section 14 for package outline information. 


ESD SENSITIVITY 

The AD1678 features input protection circuitry consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high-energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD1678 
has been classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 



3-200 ANALOG-TO-DIGITAL CONVERTERS 





Application Information - ADI 678 


INPUT CONNECTIONS AND CALIBRATION 

The high (10 M ft) input impedance of the AD 1678 eases the 
task of interfacing to high source impedances or multiplexer 
channel-to-channel mismatches of up to 1000 17. The 10 V p-p 
full-scale input range accepts the majority of signal voltages 
without the need for voltage divider networks which could 
deteriorate the accuracy of the ADC. The AD 1678 is factory 
trimmed to minimize offset, gain and linearity errors. In unipo- 
lar mode, the only external component that is required is a 50 O 
± 1% resistor. Two resistors are required in bipolar mode. If 
offset and gain are not critical, even these components can be 
eliminated. 

In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 

BIPOLAR RANGE INPUTS 

The connections for the bipolar mode are shown in Figure 12. 

In this mode, data output coding will be twos complement 
binary. This circuit will allow approximately ±25 mV of offset 
trim range (±10 LSB) and ±0.5% of gain trim range (±20 
LSB). 

Either or both of the trim pots can be replaced with 50 O ±1% 
fixed resistors if the AD 1678 accuracy limits are sufficient for 
application. If the pins are shorted together, the additional offset 
and gain errors will be approximately 20 LSB. 

To trim bipolar zero to its nominal value, apply a signal 1/2 
LSB below midrange (-1.22 mV for a ±5 V range) and adjust 
R1 until the major carry transition is located (1111 1111 1111 to 
0000 0000 0000). To trim the gain, apply a signal 1 1/2 LSB 
below full scale (±4.9963 V for a ±5 V range) and adjust R2 to 
give the last positive transition (0111 1111 1110 to 0111 1111 
1111). These trims are interactive so several iterations may be 
necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9988 V for a ±5 V range) 
and adjust R1 until the minus full scale transition is located 
(1000 0000 0000 to 1000 0000 0001). Then perform the gain 
error trim as outlined above. 

UNIPOLAR RANGE INPUTS 

The connections for the unipolar mode are shown in Figure 13. 
In this mode, data output coding will be straight binary. This 
circuit will allow approximately ±25 mV of offset trim range 
(±10 LSB) and ±0.5% of gain trim range (±20 LSB). 



Figure 12. Bipolar Input Figure 13. Unipolar Input 
Connections with Gain Connections with Gain 

and Offset Trims and Offset Trims 


If the standard accuracy limits of the AD 1678 are sufficient for 
the application, the gain adjust resistor (R2) can be replaced by 
a 50 fl ± 1% fixed resistor and BIPOFF can be connected to 
ground. 

BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
5 mA current through a 0.5 Cl trace will develop a voltage drop 
of 2.5 mV, which is 1 LSB at the 12-bit level for a 10 V full 
scale span. In addition to ground drops, inductive and capacitive 
coupling need to be considered, especially when high accuracy 
analog signals share the same board with digital signals. Finally, 
power supplies need to be decoupled in order to filter out ac 
noise. 

Analog and digital signals should not share a common path. 

Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD 1678 incorporates several features to help the user’s 
layout. Analog pins (V EE , AIN, AGND, REF oux , REF IN , 
BIPOFF, V cc ) are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mfl input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecture. Current 
through AGND is 200 |xA, with no code dependent variation. 
The current through DGND is dominated by the return current 
for DB11-DB0 and EOC. 

SUPPLY DECOUPLING 

The AD 1678 power supplies should be well filtered, well 
regulated and free from high frequency noise. Switching power 
supplies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and ground. A 10 |xF tan- 
talum capacitor in parallel with a 0. 1 puF disk ceramic capacitor 
provides adequate decoupling over a wide range of frequencies. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD 1678, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD 1678 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 

GROUNDING 

If a single AD 1678 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD1678. If multiple AD1678s are used or the AD1678 shares 
analog supplies with other components, connect the analog and 
digital returns together once at the power supplies rather than at 
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each chip. This prevents large ground loops which inductively 
couple noise and allow digital currents to flow through the ana- 
log system. 

INTERFACING THE AD1678 TO MICROPROCESSORS 

The I/O capabilities of the AD 1678 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 

The following examples illustrate typical AD 1678 interface 
configurations. 

AD1678 TO TMS320C25 

In Figure 14 the AD1678 is mapped into the TMS320C25 I/O 
space. AD 1678 conversions are initiated by issuing an OUT 
instruction to Port 8. EOC status and the conversion result are 
read in with an IN instruction to Port 8. A single wait state is 
inserted by generating the processor READY input from IS, 
Port 8 and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD 1678 
read instruction. 



Figure 14. AD1678 to TMS320C25 Interface 



Figure 15. AD1678 to 80186 DMA Interface 
AD 1678 TO 80186 

Figure 15 shows the AD 1678 interfaced to the 80186 micropro- 
cessor. This interface allows the 80186’s built-in DMA control- 
ler to transfer the AD 1678 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 

In this application the AD 1678 is configured in the asynchro- 
nous mode, which allows conversions to be initiated by an exter- 
nal trigger source independent of the microprocessor clock. 

After each conversion, the AD 1678 EOC signal generates a 
DMA request to Channel 1 (DRQ1). The subsequent DMA 
READ operation resets the interrupt latch. The system designer 
must assign a sufficient priority to the DMA channel to ensure 
that the DMA request will be serviced before the completion 
of the next conversion. This configuration can be used with 
6 MHz and 8 MHz 80186 processors. 


AD1678 TO Z80 

The AD 1678 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. Figure 16 illustrates an I/O con- 
figuration, where the AD 1678 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 
The lower address bit, A0, is used to select the high and low 
order bytes of the result. The AD1678 R/L line is tied HIGH, 
resulting in right justified output data. 

A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during I/O operations, allowing the AD 1678 to be 
used with Z80 processors having clock speeds up to 8 MHz. 



Figure 16. ADI 678 to Z80 Interface 



Figure 17. AD1678 to ADSP-2100A Interface 


AD1678 TO ANALOG DEVICES’ ADSP-2100A 

Figure 17 demonstrates the AD1678 interfaced to an ADSP- 
2100A. With a clock frequency of 12.5 MHz, and instruction 
execution in one 80 ns cycle, the digital signal processor will 
support the AD 1678 data memory interface with two hardware 
wait states. 

The converter is configured to run asynchronously using a sam- 
pling clock. The EOC output of the AD 1678 gets asserted at the 
end of each conversion and causes an interrupt. Upon interrupt, 
the ADSP-2100A immed iately executes a data memory write 
instruction which asserts HBE. In the following cycle, the pro- 
cessor starts a data memory read (high byte read) by providing 

an address on the DMA bus. The decoded address generates OE 
for the converter. OE, together with logic and latches, is used to 
force the ADSP-2100A into a two cycle wait state by generating 
DMACK. The read operation is thus started and completed 
within three processor cycles (240 ns). HBE is released during 
“high byte read.” This allows the processor to read the lower 
byte of data as soon as “high byte read” is complete. The low 
byte read operation executes in a similar manner to the first and 
is completed during the next 240 ns. 
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ANALOG 

DEVICES 


14-Bit 100 KSPS 
Complete Sampling ADC 


ADI 679 


FEATURES 

AC Characterized and Specified 
100k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K Grade) 

Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 

10 MU Input Impedance 

8-Bit Bus Interface (See ADI 779 for 16-Bit Interface) 

On-Board Reference and Clock 

10 V Unipolar or Bipolar Input Range 


AD1679 FUNCTIONAL BLOCK DIAGRAM 


OE EOCEN SYNC EOC 



PRODUCT DESCRIPTION 

The AD 1679 is a complete, 14-bit monolithic analog-to-digital 
converter, consisting of a sample-hold amplifier (SHA), a micro- 
processor compatible bus interface, a voltage reference and clock 
generation circuitry. 

The 14 data bits are accessed by an 8-bit bus in two read opera- 
tions (8+6), with left justification. Data format is straight binary 
for unipolar mode and twos complement binary for bipolar 
mode. The input has a full-scale range of 10 V with a full power 
bandwidth of 1 MHz and a full linear bandwidth of 500 kHz. 
High input impedance (10 MO) allows direct connection to 
unbuffered sources without signal degradation. 

This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm, which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD 1679 operates from +5 V and ±12 V supplies and dissi- 
pates 720 mW. A 28-pin plastic DIP and a 0.6" wide ceramic 
DIP are available. Contact factory for surface-mount package 
options. 


PRODUCT HIGHLIGHTS 

1. COMPLETE INTEGRATION: The AD 1679 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 
designs. 

2. PERFORMANCE: The AD1679 provides a throughput of 
100k conversions per second. S/N+D is 80 dB (K grade) at 
10 kHz and remains flat beyond the Nyquist frequency. 

3. SPECIFICATIONS: The AD1679 is specified for ac (or 
“dynamic”) parameters such as S/N+D ratio, THD and 
IMD. These parameters are important in signal processing 
applications as they indicate the AD1679’s effect on the spec- 
tral content of the input signal. 

4. EASE OF USE: The pinout is designed for easy board 
layout, and the two read output provides compatibility 
with 8-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

5. RELIABILITY: The AD1679 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 
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SPECIFICATIONS 


AC SPECIFICATIONS 


(I-. # I_ »«. - +12 V *S%. »u = —12 » ±S%, », 
f, N = 10.009 kHz unless otherwise noted) 1 


= + 5 V ±10%, f sample = 100 KSPS, 


Parameter 

ADI679J 

Min Typ Max 

AD1679K 

Min Typ Max 

Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 2 




-0.5 dB Input (Referred to -0 dB Input) 

78 79 

wmrnamm 


-20 dB Input (Referred to -20 dB Input) 

58 59 



-60 dB Input (Referred to -60 dB Input) 

18 19 

20 21 

9 

TOTAL HARMONIC DISTORTION (THD) 3 




@ +25°C 

-90 -84 

-90 -84 

dB 


0.003 0.006 

0.003 0.006 

% 

T mi „ to T max 

-88 -82 

-88 -82 

dB 


0.004 0.008 

0.004 0.008 

% 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

-90 -84 

-90 -84 

dB 

FULL POWER BANDWIDTH 

1 

1 

MHz 

FULL LINEAR BANDWIDTH 

500 

500 

kHz 

INTERMODULATION DISTORTION (IMD) 4 




2nd Order Products 

-90 -84 

-90 -84 

dB 

3rd Order Products 

-90 -84 

-90 -84 

dB 


NOTES 

T in amplitude = -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 

2 See Figure 7 for higher frequencies and other input amplitudes. 

3 See Figures 5 and 6 for other conditions. 

4 f A = 9.08 kHz, f B = 9.58 kHz, with f SAMPLE = 100 KSPS. See Figure 9 and Definition of Specifications section. 

Specifications subject to change without notice. 


DIGITAL SPECIFICATIONS (All device types T min to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V D0 = +5 V ±10%.) 


Parameter 

Test Conditions 

Min 

Max 

Units 

LOGIC INPUTS 





V IH High Level Input Voltage 


2.4 


V 

V IL Low Level Input Voltage 



0.8 

V 

I IH High Level Input Current 

V IN = 5 V 


10 

jjlA 

I IL Low Level Input Current 

V, N = o V 


10 

|xA 

C IN Input Capacitance 



10 

PF 

LOGIC OUTPUTS 





V OH High Level Output Voltage 

Iqjj — 0.1 mA 

4.0 


V 


Iqjj[ = 0.5mA 

2.4 


V 

V OL Low Level Output Voltage 

Iol = 1.6 mA 


0.4 

V 

I oz High Z Leakage Current 

V IN = 0 or 5 V 


10 

|xA 

C oz High Z Output Capacitance 



10 

pF 


NOTES 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 
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AD1679 

DC SPECIFICATIONS (@ +25°C, V cc = +12 V ±5%, V EE = -12 V ±5%, V DD = +5 V ±10% unless otherwise indicated) 


Parameter 

Min 

AD1679J 

Typ 

Max 

Min 

AD1679K 

Typ 

Max 

Units 

ACCURACY 








Resolution 

14 



14 



Bits 

Integral Linearity Error 


±1 



±1 


LSB 

Differential Linearity 








T min to T max (No Missing Codes) 

14 



14 



Bits 

Unipolar Zero Error 1 


±10 



±10 


LSB 

Bipolar Zero Error 1 


±10 



±10 


LSB 

Unipolar Gain Error 1, 2 


±12 



±12 


LSB 

Bipolar Gain Error 1, 2 


±12 



±12 


LSB 

Temperature Drift (Coefficients) 3 








Unipolar Zero 


±8 (10) 



±8 (10) 


LSB (ppm/°C) 

Bipolar Zero 


±8 (10) 



±8 (10) 


LSB (ppm/°C) 

Unipolar Gain 


±16 (20) 



±16 (20) 


LSB (ppm/°C) 

Bipolar Gain 


±16 (20) 



±16 (20) 


LSB (ppm/°C) 

ANALOG INPUT 








Input Ranges 








Unipolar Mode 

0 


+ 10 

0 


+ 10 

V 

Bipolar Mode 

-5 


+ 5 

-5 


+5 

V 

Input Resistance 


10 



10 


MG 

Input Capacitance 


10 



10 


pF 

Input Settling Time 



1 



1 

|XS 

Aperture Delay 

5 


20 

5 


20 

ns 

Aperture Jitter 


150 



150 


ps 

INTERNAL VOLTAGE REFERENCE 








Output Voltage 4 

4.95 


5.05 

4.95 


5.05 

V 

External' Load 








Unipolar Mode 



+1.5 



+1.5 

mA 

Bipolar Mode 



+0.5 



+0.5 

mA 

Power Supply Rejection 


1 



1 


mV/V 

POWER SUPPLIES (T min to T max ) 








Operating Voltages 








Vcc 

+ 11.4 

+ 12 

+ 12.6 

+ 11.4 

+ 12 

+ 12.6 

V 

Vee 

-12.6 

-12 

-11.4 

-12.6 

-12 

-11.4 

V 

Vdd 

+4.5 

+5 

+5.5 

+4.5 

+5 

+5.5 

V 

Operating Current 








Icc 


18 

20 


18 

20 

mA 

Iee 


25 

32 


25 

32 

mA 

Idd 


8 

12 


8 

12 

mA 

Power Consumption 


560 

720 


560 

720 

mW 


NOTES 

‘Adjustable to zero; see Figures 11 and 12. 

^Includes internal voltage reference error, 
includes internal voltage reference drift. 

4 With maximum external load applied. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and + 70°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 
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TIMING SPECIFICATIONS (All tlovico types T m j n to T max , Vqq — +12 V ±5%, — 12 V ±5%, Vpp — +5 V ±10%) 


Parameter 

Symbol 

Min 

Max 

Units 

SC Delay 

tsc 

50 


ns 

Conversion Rate 1 

tcR 


10 

flS 

Convert Pulse Width 

tep 

150 


ns 

Aperture Delay 

*AD 

5 

20 

ns 

Conversion Time 



8.5 

|XS 

Status Delay 

tsD 

0 

400 

ns 

Access Time 2 

^BA 


100 

ns 

Float Delay 3 

l-FD 

10 

80 

ns 

Update Delay 

tlJD 


200 

ns 

Format Setup 

tFS 

60 


ns 

OE Delay 

l-OE 

20 


ns 

Read Pulse Width 

Irp 

150 


ns 

Conversion Delay 

*CD 

400 


ns 

EOCEN Delay 

tEO 

20 


ns 


NOTES 

includes Acquisition Time. 

2 Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data lines/EOC cross 2.0 V or 0.8 V. 
See Figure 4; C OU t = 100 pF. 

3 Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. 

See Figure 4; C oux = 10 pF. 

Specifications subject to change without notice. 




SC 


SHA 


EOC 2 

CONTENT OF 
OUTPUT 
REGISTER 

OE 3 


- 

t C P 

*CR * 




/ \ 

_/ 


*AD (•“ *CD ~H I*” 


TRACK 

HOLD 

| TRACK 

| HOLD 



H 



* *SD *| 

! 



/l*t UD #| 



DATA 0 

X DATA ’ 


w 


cs 


EOCEN 


EOC 1 


HT r 
i Jr 

KwH -*i [ 

<Z 3 


NOTE 

’EOC IS A THREE-STATE OUTPUT IN SYNCHRO- 
NOUS MODE AND AN OPEN DRAIN OUTPUT IN 
ASYNCHRONOUS. ACCESS (t 8A ) AND FLOAT 
(t FD ) TIMING SPECIFICATIONS DO NOT APPLY 
IN ASYNCHRONOUS MODE WHERE THEY ARE 
A FUNCTION THE TIME CONSTANT FORMED BY 
THE 10 pF PULL-UP CAPACITOR, OUTPUT 
CAPACITANCE AND THE PULL-UP RESISTOR. 


Figure 3. EOC Timing 


NOTES 

’IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION. SEE 
THE ST ART CONVERSION TRUTH TABLE FOR DETAILS. 

2 E0CEN = LOW. IN SYNCHRONOUS MODE, EOC IS A THREE-STATE OUTPUT. IN 
ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. SEE CONVERSION 
TRUTH TABLE. 

3 DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


Figure 1. Conversion Timing 



TEST 

Vcp 

CquT 

ACCESS TIME HIGH Z TO LOGIC LOW 

5 V 

100 pF 

FLOAT TIME LOGIC HIGH TO HIGH Z 

5 V 

10 pF 

ACCESS TIME HIGH Z TO LOGIC HIGH 

0 V 

100 pF 

FLOAT TIME LOGIC LOW TO HIGH Z 

0 V 

10 pF 


Dqut 



Figure 4. Load Circuit for Bus Timing Specifications 


Figure 2. Output Timing 
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CONVERSION CONTROL 

In synchronous mode (SYNC = HIGH), both Chip Select (CS) 
and Start Convert (SC) must be brought LOW to start a conver- 
sion. CS should be LOW t sc before SC is brought LOW. In 
asynchronous mode (SYNC = LOW), a conversion is started by 
bringing SC LOW, regardless of the state of CS. 

Before a conversion is started, End Of Convert (EOC) is HIGH 
and the sample-hold is in track mode. After a conversion is 
started, the sample-hold goes into hold mode and EOC goes 
LOW, signifying that a conversion is in progress. During the 
conversion, the sample-hold will go back into track mode and 
start acquiring the next sample. 

In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in 1.5 |xs maximum. The acquisition time does not affect the 
throughput rate as the AD 1679 goes back into track mode more 
than 2 |xs before the next conversion. In multichannel systems, 

the input channel can be switched as soon as EOC goes LOW. 

«• 

When the conversion is finished, EOC goes HIGH and the 
result is loaded into the output register after a period of time 
t UD . Bringing OE LG'w t OE after CS goes LOW makes the out- 
put register contents available on the output data bits 
(DB7-DB0). A period of time t^D is required after OE is 
brought HIGH before the next SC instruction is issued. This 
allows internal logic states to reset and guarantees minimum 
aperture jitter for the next conversion. 

If SC is held LOW, conversions will occur continuously. EOC 
will go HIGH for approximately 1.5 jxs between conversions. 


START CONVERSION TRUTH TABLE 



INPUTS 



SYNC CS 

sc 

STATUS 


1 

1 

X 

No Conversion 

Synchronous 

Mode 

1 

0 

\ 

Start Conversion 

1 


0 

Start Conversion 
(Not Recommended) 



1 

0 

0 

Continuous Conversion 


0 

X 

1 

No Conversion 

Asynchronous 

0 

X 

\ 

Start Conversion 

Mode 

0 

X 

0 

Continuous Conversion 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

= HIGH to LOW transition. Must stay low for t = tc P . 


14-BIT MODE CODING FORMAT (1 LSB =0.61 mV) 


Unipolar Coding 
(Straight Binary) 

Bipolar Coding 
(Twos Complement) 

V IN 

Output Code 

V IN 

Output Code 

0 

000 ... 0 

-5.00000 V 

100 ... 0 

5.00000 V 

100 ... 0 

-0.00061 V 

111 ... 1 

9.99939 V 

111 ... 1 

0 

000 ... 0 



+2.50000 V 

010 ... 0 



+4.99939 V 

Oil ... 1 


END OF CONVERT 

In asynchronous mode, End Of Convert (EOC) is an open drain 
output (requiring a mini mum 3 kO pull-up resistor) enabled by 
End Of Convert ENable (EOCEN). In syn chronous mode, EOC 
is a three-state output which is enabled by EOCEN and CS. 

(See Conversion Status Truth Table.) Access (t BA ) and float 
(t FD ) timing specifications do not apply in asynchronous mode 
where they are a function of the time constant formed by the 
external load capacitance and the pull-up resistor. 

OUTPUT ENABLE OPERATION 

The data bits (DB7-DB0) are three-state outputs that are 
enabled by Chip Select (CS) and Output Enable (OE). CS 
should be LOW t OE before OE is brought LOW. Output 
Enable (OE) must be toggled to update the output register. 

The o utput is read as a 16-bit word, with High-Byte Enable 
(HBE) controlling the output sequence. The high byte should 
be read first, as doing so updates the value in the low byte regis- 
ter, which is read second. The 14-bit result is left-justified 
within the 16-bit field. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REFOUT), 
output coding is twos complement binary. 

POWER-UP __ 

A conversion sequence, consisting of one SC instruction, is 
required after power-up to reset internal logic. 


CONVERSION STATUS TRUTH TABLE 



INPUTS 

OUTPUT 

STATUS 

SYNC CS EOCEN 

EOC 

Synchronous 

Mode 

1 0 0 

1 0 0 

1 1 X 

1 X 1 

0 

1 

High Z 

High Z 

Converting 

Not Converting 

Either 

Either 

Asynchronous 

Mode* 

0X0 

O X 0 

0 X 1 

0 

High Z 

High Z 

Converting 

Not Converting 

Either 


NOTES 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

*EOC requires a pull-up resistor in asynchronous mode. 


OUTPUT ENABLE TRUTH TABLE 



INPUTS 

OUTPUTS 


HBE 

(CS U OE) 



DB7 . 

. . DB0 




X 

1 

— 

«— 

— 

High Z 

— 


Unipolar or 

0 

0 

a 

b 

c 

d 

e 

f 

g 

h 

Bipolar 

1 

0 

i 

j 

k 

1 

m 

n 

0 

0 


NOTES 

1 = HIGH voltage level. a = MSB. 

0 = LOW voltage level. n = LSB. 

X = Don’t care. 

U = Logical OR. 

Data coding is straight binary for Unipolar Mode and 
2s complement binary for Bipolar Mode. 
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ADI 679 


ABSOLUTE MAXIMUM RATINGS* 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

V cc 

AGND 

-0.3 

+ 18 

V 

Vee 

AGND 

-18 

+0.3 

V 

^cc 

Vee 

-0.3 

+26.4 

V 

Vdd 

DGND 

0 

+7 

V 

AGND 

DGND 

-1 

+ 1 

V 

AIN, REF in 

AGND 

-12 

+ 12 

V 

ref in 

Vee 

0 

V cc 

V 

REF in 

Vcc 

Vee 

0 

V 

Digital Inputs 

DGND 

-0.5 

+7 

V 

Digital Outputs 

DGND 

-0.5 

V DD +0.3 

V 

Max Junction 





Temperature 



175 

°c 

Operating Temperature 


0 

+70 

°c 

Storage Temperature 


-65 

+ 150 

°c 

Lead Temperature 





(10 sec max) 



+300 

°c 


PIN CONFIGURATION 


EOCEN pH 

w 

• 

H 1 Vqo 

oi [T 


17] EOC 

scf~3~ 


H] DB7 

Cs|~4~ 


25] DB6 

v«Cl 


H] DB5 

ain [ir 


17] DB4 

agnd(T 

ADI 679 

17|dB3 

REFout (T 

TOP VIEW 
(Not to Scale) 

17] DB2 

REF 1n [V 


11] DB1 

BIPOFF [71 


77] DBO 

v cc |77~ 


H] DGND OR V DD 

DGND [77 


77] DGND OR V DD 

SYNC [77 


71] DGND OR V DD 

dgnoQT 


TTJhbe 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


ESD SENSITIVITY 

The AD1679 features input protection circuitry consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD1679 
has been classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 



ORDERING GUIDE 


Model 

Package 

S/N+D 1 

Temperature 

Range 

Digital Interface 
Format 2 

Package 

Options 3 

AD1679JN 

28-Pin Plastic DIP 

79 dB 

0 to +70°C 

2 Cycle Read (8+6 Bits) 

N-28A 

AD1679KN 

28-Pin Plastic DIP 

81 dB 

0 to +70°C 

2 Cycle Read (8+6 Bits) 

N-28A 

AD1679JD 

28-Pin Ceramic DIP 

79 dB 

0 to +70°C 

2 Cycle Read (8+6 Bits) 

D-28A 

AD1679KD 

28-Pin Ceramic DIP 

81 dB 

0 to +70°C 

2 Cycle Read (8+6 Bits) 

D-28A 


NOTES 

Typical @ 10 kHz, -0.5 dB input. 

2 For 14-bit parallel read interface to 16-bit buses, see AD 1779. 
3 See Section 14 for package outline information. 
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AD1679 PIN DESCRIPTION 


Symbol 

Pin No. 

Type 

Name and Function 

AGND 

7 

P 

Analog Ground. This is the ground return for AIN only. 

AIN 

6 

Al 

Analog Signal Input. 

BIPOFF 

10 

Al 

Bipolar Offset. Connect to AGND for +10 V input unipolar mode and straight binary output 
coding. Connect to REFqut f° r ±5 V input bipolar mode and twos complement binary output 
coding. 

CS 

4 

Dl 

Chip Select. Active LOW. 

DGND 

12, 14 

P 

Digital Ground. 

DB7-DB0 

26-19 

DO 

Data Bits. These pins provide all 14 bits in two bytes (8+6 bits). Active HIGH. 

EOC 

27 

DO 

End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the conver- 
sion is finished. In asynchronous mode, EOC is an open drain output and requires an external 

3 kfl pull-up resistor. See EOCEN and SYNC pins for information on EOC gating. 

EOCEN 

1 

DI 

End-Of-Convert Enable. Enables EOC pin. Active LOW. 

HBE 

15 

DI 

High Byte Enable. If LOW, output contains high byte. If HIGH, output contains low byte 
(corresponding to the most recently read high byte). 

OE 

2 

DI 

Output Enable. A down-going transition on OE enables data bits. Gated with CS; Active 

LOW. 

REF in 

9 

AI 

Reference Input. +5 V input gives 10 V full-scale range. 

ref out 

8 

AO 

+5 V Reference Output. Tied to REF IN for normal operation. 

sc 

3 

DI 

Start Convert. Active LOW. See SYNC pin for gating. 

SYNC 

13 

DI 

SYNC Control. If tied to V DD (synchronous mode), SC and EOCEN are gated by CS. If tied 
to DGND (asynchronous mode), SC and EOCEN are independent of CS, and EOC is an open 
drain output. EOC requires an external 3k fl pull-up resistor in asynchronous mode. 

Vcc 

11 

P 

+ 12 V Analog Power. 

Vee 

5 

P 

- 12 V Analog Power. 

v DD 

28 

P 

+ 5 V Digital Power. 

- 

16-18 

U 

These pins are unused and should be connected to DGND or V DD . 


Type: AI = Analog Input. 

AO = Analog Output. 

DI = Digital Input (TTL and 5 V CMOS compatible). 

DO = Digital Output (TTL and 5 V CMOS compatible). All DO pins are three-state drivers. 
P = Power. 

U = Unused. 
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Definition of Specifications - ADI 679 


FREQUENCY DOMAIN TESTING 

The AD 1679 is tested dynamically using a sine wave input and a 
2048 point Fast Fourier Transform (FFT) to analyze the result- 
ing output. Coherent sampling is used, wherein the ADC sam- 
pling frequency and the analog input frequency are related to 
each other by a ratio of integers. This ensures that an integral 
number of input cycles is captured, allowing direct FFT pro- 
cessing without windowing or digital filtering which could mask 
some of the dynamic characteristics of the device. In addition, 
the frequencies are chosen to be “relatively prime” (no common 
factors) to maximize the number of different ADC codes that 
are present in a sample sequence. The result, called Prime 
Coherent Sampling, is a highly accurate and repeatable measure 
of the actual frequency domain response of the converter. 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 

TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
components are used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 

INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1, 2, 3 . . . Intermodulation 
terms are those for which m or n is not equal to zero. For exam- 
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals applied to the con- 
verter are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a 0 dB input signal. 

BANDWIDTH 

The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 

At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 


The AD 1679 has been designed to optimize input bandwidth, 
allowing it to undersample input signal frequencies significantly 
above the converter’s Nyquist frequency. If the input signal is 
suitably band-limited, the spectral content of the input signal 
can be recovered. 

APERTURE DELAY 

Aperture delay is a measure of the SHA’s performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 

APERTURE JITTER 

Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 

INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are 1 LSB apart. Differential 
nonlinearity is the deviation from this ideal value. It is often 
specified in terms of resolution for which no missing codes are 
guaranteed. 

For the AD 1679, this specification is 14 bits from T min to 
T max , which guarantees that all 16,384 codes are present over 
temperature. 

UNIPOLAR ZERO ERROR 

In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 

BIPOLAR ZERO ERROR 

In the bipolar mode, the major carry transition (11 1111 1111 
1 1 1 1 to 00 0000 0000 0000 ) should occur at an analog value 1/2 
LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 

GAIN ERROR 

The full-scale transition should occur at an analog value 
1 1/2 LSB below the nominal full scale (9.9991 volts for a 
0-10 V range, 4.9991 volts for a ±5 V range). The gain error is 
the deviation of the actual level at the last transition from the 
ideal level with the zero error trimmed out. This error can be 
adjusted as shown in the Input Connections and Calibration 
section. 
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Application Information 

INPUT CONNECTIONS AND CALIBRATION 

The high (10 Mil) input impedance of the AD1679 eases the 
task of interfacing to high source impedances or multiplexer 
channel-to-channel mismatches of up to 300 Cl. The 10 V p-p 
full scale input range accepts the majority of signal voltages 
without the need for voltage divider networks which could 
deteriorate the accuracy of the ADC. 

In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 

BIPOLAR RANGE INPUTS 

The connections for the bipolar mode are shown in Figure 11. 

In this mode, data output coding will be twos complement 
binary. This circuit will allow approximately ±25 mV of offset 
trim range (±40 LSB) and ±0.5% of gain trim range (±80 
LSB). 

Either or both of the trim pots can be replaced with 50 O ± 1 % 
fixed resistors if the specified AD 1679 accuracy limits are suffi- 
cient for the application. If the pins are shorted together, the 
additional offset and gain errors will be approximately 80 LSB. 

To trim bipolar zero to its nominal value, apply a signal 1/2 LSB 
below midrange (-0.305 mV for a ±5 V range) and adjust R1 
until the major carry transition is located (11 1111 1111 1111 to 
00 0000 0000 0000). To trim the gain, apply a signal 1 1/2 LSB 
below full scale (+4.9997 V for a ±5 V range) and adjust R2 to 
give the last positive transition (01 1111 1111 1110 to 01 1111 
1111 1111). These trims are interactive so several iterations may 
be necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above minus full scale (-4.9997 V for a ±5 V range) 
and adjust R1 until the minus full scale transition is located 
(10 0000 0000 0000 to 10 000 000 0001). Then perform the gain 
error trim as outlined above. 



Figure 11. Bipolar Input Connections with Gain and 
Offset Trims 

UNIPOLAR RANGE INPUTS 

Offset and gain errors can be trimmed out by using the configu- 
ration shown in Figure 12. This circuit allows approximately 
±25 mV of offset trim range (±40 LSB) and ±0.5% of gain 
trim range (±80 LSB). 

The nominal offset is 1/2 LSB so that the analog range that cor- 
responds to each code will be centered in the middle of that 
code (halfway between the transitions to the codes above and 
below it). Thus the first transition (from 00 0000 0000 0000 to 
00 0000 0000 0001) should nominally occur for an input level of 


+ 1/2 LSB (0.305 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 0.305 mV signal to 
AIN and adjust R1 until the first transition is located. 

The gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal 1 1/2 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 

(ii mi ini mo to n mi nil ini). 

If offset adjustment is not required, BIPOFF should be con- 
nected directly to AGND. If gain adjustment is not required, 

R2 should be replaced with a fixed 50 fl ±1% metal film resis- 
tor. If REF out is connected directly to REF IN , the additional 
gain error will be approximately 1%. 



Figure 12. Unipolar Input Connections with Gain and 
Offset Trims 

REFERENCE DECOUPLING 

It is recommended that a 10 |xF tantalum capacitor be 
connected between REF IN (Pin 9) and ground. This has the 
effect of improving the S/N+D ratio through filtering possible 
broad-band noise contributions from the voltage reference. 

BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
1.22 mA current through a 0.5 fl trace will develop a voltage 
drop of 0.6 mV, which is 1 LSB at the 14-bit level for a 10 V 
full scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 

Analog and digital signals should not share a common path. 

Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD 1679 incorporates several features to help the user’s lay- 
out. Analog pins (V EE , AIN, AGND, REF oux , REF IN , 
BIPOFF, V cc ) are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mfl input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecture. Current 
through AGND is 200 |xA, with no code dependent variation. 
The current through DGND is dominated by the return current 
for DB7-DB0 and EOC. 


3-212 ANALOG-TO-DIGITAL CONVERTERS 





ADI 679 


SUPPLY DECOUPLING 

The AD 1679 power supplies should be well filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and ground. A 10 |xF tan- 
talum capacitor in parallel with a 0.1 |xF ceramic capacitor pro- 
vides adequate decoupling . 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD 1679, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD 1679 will isolate large switching 


ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 

GROUNDING 

If a single AD 1679 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD1679. If multiple AD1679s are used or the AD1679 shares 
analog supplies with other components, connect the analog and 
digital returns together once at the power supplies rather than at 
each chip. This single interconnection of grounds prevents large 
ground loops and consequently prevents digital currents from 
flowing through the analog ground. 


INTERFACING THE ADI679 TO MICROPROCESSORS 

The I/O capabilities of the AD 1679 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion option allows complete flexibility and control 
with minimal external hardware. 

The following examples illustrate typical AD 1679 interface 
configurations. 

AD 1679 TO TMS320C25 

In Figure 13 the AD 1679 is mapped into the TMS320C25 I/O 
space. AD 1679 conversions are initiated by issuing an OUT 
instruction to Port 1. EOC status and the conversion result are 
read in with an IN instruction to Port 1 . A single wait state is 
inserted by gene rating the processor READY input from IS, 
Port 1 and MSC. Address line AO provides HBE decoding to 
select between the high and low bytes of data. This configura- 
tion supports processor clock speeds of 20 MHz and is capable 
of supporting processor clock speeds of 40 MHz if a NOP 
instruction follows each AD 1679 read instruction. 



AD1679 TO 80186 

Figure 14 shows the AD1679 interfaced to the 80186 micropro- 
cessor. This interface allows the 80186’s built-in DMA control- 
ler to transfer the AD 1679 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 

In this application the AD 1679 is configured in the asynchro- 
nous mode, which allows conversions to be initiated by an exter- 
nal trigger source independent of the microprocessor clock. 

After each conversion, the AD 1679 EOC signal generates a 
DMA request to Channel 1 (DRQ1). The subsequent DMA 
READ sequences the high and low byte AD 1679 data and resets 
the interrupt latch. The system designer must assign a sufficient 
priority to the DMA channel to ensure that the DMA request 
will be serviced before the completion of the next conversion. 
This configuration can be used with 6 MHz and 8 MHz 80186 
processors. 



Figure 14. AD1679 to 80186 DMA Interface 


Figure 13. AD1679 to TMS320C25 Interface 
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AD 1679 TO Z80 

The AD 1679 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. Figure 15 illustrates an I/O con- 
figuration, where the AD 1679 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 
The lower address bit, AO, is used to select the high and low 
order bytes of the result. 

A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during I/O operations, allowing the AD 1679 to be 
used with Z80 processors having clock speeds up to 8 MHz. 



Figure 15. ADI 679 to Z80 Interface 


AD1679 TO ANALOG DEVICES ADSP-2100A 

Figure 16 demonstrates the AD 1679 interfaced to an 
ADSP-2100A. With a clock frequency of 12.5 MHz, and 
instruction execution in one 80 ns cycle, the digital signal pro- 
cessor will support the AD 1679 data memory interface with two 
hardware wait states. 

The converter is configured to run asynchronously using a sam- 
pling clock. The EOC output of the AD1679 is asserted at the 
end of each conversio n and c reates a high priority interrupt to 
the processor through IRQ3. Upon interrupt, the ADSP-2100A 
immed iately executes a data memory write instruction which 
asserts HBE. In the following cycle, the processor starts a data 
memory read (high byte read) by providing an address on the 
DMA bus. The decoded address generates OE for the converter. 
OE, together with logic and latches, is used to force the ADSP- 
2100A into a two-cycle wait state by generating DMACK. The 
read operation is thus started and completed within three pro- 
cessor cycles (240 ns). HBE is released during “high byte read.” 
This allows the processor to read the lower byte of data as soon 
as “high byte read” is complete. Low byte read is executed in a 
similar manner and is completed during the next 240 ns. 



Figure 16. AD1679 to ADSP-2100A Interface 
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ANALOG 

DEVICES 


14-Bit 100 KSPS 
Complete Sampling ADC 


ADI 779 


FEATURES 

AC Characterized and Specified 
100k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K Grade) 

Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 

10 MU Input Impedance 

16-Bit Bus Interface (See ADI 679 for 8-Bit Interface) 

On-Board Reference and Clock 

10 V Unipolar or Bipolar Input Range 


AD1779 FUNCTIONAL BLOCK DIAGRAM 


OE EOCEN EOC 



PRODUCT DESCRIPTION 

The AD 1779 is a complete, 14-bit monolithic analog-to-digital 
converter consisting of a sample-hold amplifier (SHA), a micro- 
processor compatible bus interface, a voltage reference and clock 
generation circuitry. 

The 14 data bits are accessed by a 16-bit bus in a single read 
operation. Data format is straight binary for unipolar mode and 
twos complement binary for bipolar mode. The input has a full- 
scale range of 10 V with a full power bandwidth of 1 MHz and 
a full linear bandwidth of 500 kHz. High input impedance 
(10 MO) allows direct connection to unbuffered sources without 
signal degradation. 

This product is fabricated on Analog Devices’ BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm, which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD 1779 operates from +5 V and ±12 V supplies and dissi- 
pates 720 mW. A 28-pin plastic DIP and a 0.6" wide ceramic 
DIP are available. Contact factory for surface-mount package 
options. 


PRODUCT HIGHLIGHTS 

1. COMPLETE INTEGRATION: The AD 1779 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci- 
fied sampling A/D function unattainable with discrete 
designs. 

2. PERFORMANCE: The AD1779 provides a throughput of 
100k conversions per second. S/N+D is 80 dB (K grade) at 
10 kHz and remains flat beyond the Nyquist frequency. 

3. SPECIFICATIONS: The AD 1779 is specified for ac (or 
“dynamic”) parameters such as S/N+D ratio, THD and 
IMD. These parameters are important in signal processing 
applications as they indicate the AD1779’s effect on the spec- 
tral content of the input signal. 

4. EASE OF USE: The pinout is designed for easy board 
layout, and the single read output provides compatibility 
with 16-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

5. RELIABILITY: The AD 1779 utilizes Analog Devices’ 
monolithic BiMOS technology. This ensures long term reli- 
ability compared to multichip and hybrid designs. 
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SPECIFICATIONS 


(T m i„ to T max , V cc =+12 V ±5%, V EE =— 12 V ±5%, V 0D =+ 5 V ±10%, f SAM p LE =100 KSPS, 


AC SPECIFICATIONS f, N = 10.009 kHz unless otherwise noted) 1 


Parameter 

AD1779J 

Min Typ Max 

AD1779K 

Min Typ Max 

Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 2 




-0.5 dB Input (Referred to -0 dB Input) 

78 79 



-20 dB Input (Referred to -20 dB Input) 

58 59 



-60 dB Input (Referred to -60 dB Input) 

18 19 



TOTAL HARMONIC DISTORTION (THD) 3 




@ +25°C 

-90 -84 

-90 -84 

dB 


0.003 0.006 

0.003 0.006 

% 

T mi „ to T m „ 

-88 -82 

-88 -82 

dB 


0.004 0.008 

0.004 0.008 

% 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

-90 -84 

-90 -84 

dB 

FULL POWER BANDWIDTH 

1 

1 

MHz 

FULL LINEAR BANDWIDTH 

500 


kHz 

INTERMODULATION DISTORTION (IMD) 4 




2nd Order Products 

-90 -84 

-90 -84 

dB 

3rd Order Products 

-90 -84 

-90 -84 

dB 


NOTES 

'flN amplitude = -0.5 dB (9.44 V p-p) bipolar mode full-scale unless otherwise indicated. All measurements referred to a -0 dB 
(9.997 V p-p) input signal unless otherwise noted. 

2 See Figure 7 for higher frequencies and other input amplitudes. 

3 See Figures 5 and 6 for other conditions. 

4 f A = 9.08 kHz, f B = 9.58 kHz, with fs ample = 100 KSPS. See Figure 9 and Definition of Specifications section. 

Specifications subject to change without notice. 


DIGITAL SPECIFICATIONS (All device types T min to T max , V cc = +12 V ±5%, V EE = -12 V ±5%, V DD = +5 V ±10%) 


Parameter 

Test Conditions 

Min 


Units 

LOGIC INPUTS 

V IH High Level Input Voltage 



Mi 

V 

V IL Low Level Input Voltage 



WfflmWKSM 

V 

I IH High Level Input Current 

V in = 5V 


■p*’, 

|xA 

I IL Low Level Input Current 

V IN = 0V 

■ 

ip-; 

|xA 

C IN Input Capacitance 




pF 

LOGIC OUTPUTS 

V OH High Level Output Voltage 

Iqpj = 0 . 1 mA 

4.0 


V 


Iqpj — 0 . 5 mA 

2.4 


V 

V OL Low Level Output Voltage 

I ol =L 6 mA 


0.4 

V 

I oz High Z Leakage Current 

V IN = 0or5 V 


10 

jjlA 

C Qz High Z Output Capacitance 



10 

pF 


NOTES 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 
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DC SPECIFICATIONS (@ +25°C, V cc =+12 V ±5%, V EE = — 12 V ±5%, V DD =+5 V ±10% unless otherwise indicated) 


Parameter 

Min 

AD1779J 

Typ 

Max 

Min 

AD1779K 

Typ 

Max 

Units 

ACCURACY 








Resolution 

14 



14 



Bits 

Integral Linearity Error 


±1 



±1 


LSB 

Differential Linearity 








Tmin to T max (No Missing Codes) 

14 



14 



Bits 

Unipolar Zero Error 1 


±10 



±10 


LSB 

Bipolar Zero Error 1 


±10 



±10 


LSB 

Unipolar Gain Error 1 ’ 2 


±12 



±12 


LSB 

Bipolar Gain Error 1,2 


±12 



±12 


LSB 

Temperature Drift (Coefficients) 3 








Unipolar Zero 


±8 (10) 



±8 (10) 


LSB (ppm/°C) 

Bipolar Zero 


±8 (10) 



±8 (10) 


LSB (ppm/°C) 

Unipolar Gain 


±16 (20) 



±16 (20) 


LSB (ppm/°C) 

Bipolar Gain 


±16 (20) 



±16 (20) 


LSB (ppm/°C) 

ANALOG INPUT 








Input Ranges 








Unipolar Mode 

0 


+ 10 

0 


+ 10 

V 

Bipolar Mode 

-5 


+5 

-5 


+5 

V 

Input Resistance 


10 



10 


MG 

Input Capacitance 


10 



10 


pF 

Input Settling Time 



1 



1 

fXS 

Aperture Delay 

n5 


20 

5 


20 

ns 

Aperture Jitter 


150 



150 


ps 

INTERNAL VOLTAGE REFERENCE 








Output Voltage 4 

4.95 


5.05 

4.95 


5.05 

V 

External Load 








Unipolar Mode 



+1.5 



+1.5 

mA 

Bipolar Mode 



+0.5 



+0.5 

mA 

Power Supply Rejection 


1 



1 


mV/V 

POWER SUPPLIES (T min to T max ) 








Operating Voltages 








V CC 

+ 11.4 

+ 12 

+ 12.6 

+ 11.4 

+ 12 

+ 12.6 

V 

v EE 

-12.6 

-12 

-11.4 

-12.6 

-12 

-11.4 

V 

Vdd 

+4.5 

+5 

+ 5.5 

+4.5 

+5 

+5.5 

V 

Operating Current 








Icc 


18 

20 


18 

20 

mA 

Iee 


25 

32 


25 

32 

mA 

Idd 


8 

12 


8 

12 

mA 

Power Consumption 


560 

720 


560 

720 

mW 


NOTES 

‘Adjustable to zero; see Figures 11 and 12. 
includes internal voltage reference error, 
includes internal voltage reference drift. 

4 With maximum external load applied. 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0°C, +25°C and +70°C. Results from 
those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
Specifications subject to change without notice. 
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TIMING SPECIFICATIONS (All device types T min to T max , V cc = +12 V ±5%, V EE =— 12 V ±5%, V DD = +5 V ±10%) 


Parameter 

Symbol 

Min 

Max 

Units 

Conversion Rate 1 

tcR 



|XS 

Convert Pulse Width 

tcp 



ns 

Aperture Delay 

l AD 

5 


ns 

Conversion Time 




|XS 

Status Delay 

*SD 

0 

400 

ns 

Access Time 2 

*BA 


100 

ns 

Float Delay 3 

*FD 

10 

80 

ns 

Update Delay 

w 


200 

ns 

OE Delay 

k>E 

20 


ns 

Read Pulse Width 

*RP 

150 


ns 

Conversion Delay 

tcD 



ns 


NOTES 

‘Includes Acquisition Time. 

2 Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data lines/EOC cross 2.0 V or 0.8 V. 
See Figure 4; C oux = 100 pF. 

3 Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. 

See Figure 4; C oux = 10 pF. 

Specifications subject to change without notice. 


-* 

tcp 

*CR ^ 


\ 

i 

i 1 

i \ 

*CD - 9 \ 



SHA TRACK ~T 


EOC 1 

CONTENT OF 
OUTPUT 
REGISTER 


t AD -H k- 

1 t c * 


^ 



)C 


A 


NOTES 

’EOCEN = LOW. 

2 DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 


Figure 1. Conversion Timing 



\ 


J\ 


|*— t BA -*| kt FD «4 


Figure 3. EOC Timing 



Figure 4. Load Circuit for Bus Timing Specifications 


Figure 2. Output Timing 


3-218 ANALOG-TO-DIGITAL CONVERTERS 












ADI 779 



0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 

INPUT FREQUENCY - kHz INPUT FREQUENCY - kHz 


Figure 5. Harmonic Distortion vs. Input Frequency Figure 6. Harmonic Distortion vs. Input Frequency 

(-0.5 dB Input) (-20 dB Input) 



Figure 9. Nonaveraged IMD Plot for f IN = 9.08 kHz (f a ), Figure 10. Power Supply Rejection (f IN = 10 kHz , 

9.58 kHz (f b ) at 100 KSPS f sample = 100 KSPS, V RIPPLE = 0.1 V p-p) 
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CONVERSION CONTROL 

Before a conversion is started, End Of Convert (EOC) is HIGH 
and the sample-hold is in track mode. A conversion is started by 
bringing SC LOW, regardless of the state of CS. 

After a conversion is started, the sample-hold goes into hold 
mode and EOC goes LOW, signifying that a conversion is in 
progress. During the conversion, the sample-hold will go back 
into track mode and start acquiring the next sample. 

In track mode, the sample-hold will settle to ±0.003% (14 bits) 
in 1.5 |xs maximum. The acquisition time does not affect the 
throughput rate as the AD 1779 goes back into track mode more 
than 2 |xs before the next conversion. In multichannel systems, 
the input channel can be switched as soon as EOC goes LOW if 
the maximum throughput rate is needed. 

When the conversion is finished, EOC goes HIGH and the 
results loaded into the output register after a period of time 
t UD . Bringing OE LOW makes the output register contents 
available on the output data bits (DB13-DB0). A period of time 

4. : : j Tvt? i u* urTr'ur *u a or* 

LCD ia IC4U11CU ctiiu uu 1a uiuugiii muu uciuic me ntAi oe 

instruction is issued. This is to allow internal logic states to 
reset and guarantees minimum aperture jitter for the next 
conversion. 

If SC is held LOW, conversions will occur continuously. EOC 
will go HIGH for approximately 1.5 |xs between conversions. 


END-OF-CONVERT 

End-of-Convert (EOC) is a three-state output which is enabled 
by End-of-Convert ENable EOCEN. 

OUTPUT ENABLE OPERATION 

The data bits (DB13-DB0) are three-state outputs that are 
enabled by Chip Select (CS) and Output Enable (OE). CS 
should be LOW t OE before OE is brought LOW. OE must be 
toggled to update the output register. The output is read in a 
single cycle as a 14-bit word. 

In unipolar mode (BIPOFF tied to AGND), the output coding 
is straight binary. In bipolar mode (BIPOFF tied to REFOUT), 
output coding is twos complement binary. 

POWER-UP 

A conversion sequence, consisting of one SC instruction, is 
required after power-up to reset internal logic. 


14-BIT MODE CODING FORMAT (1 LSB =0.61 mV) 


Unipolar Coding 
(Straight Binary) 

Bipolar Coding 
(Twos Complement) 

v IN 

Output Code 

Vin 

Output Code 

0 

000 . . 

. 0 

-5.00000 V 

100 . . 

. 0 

5.00000 V 

100 . . 

. 0 

-0.00061 V 

Ill . . 

. 1 

9.99939 V 

Ill . . 

. 1 

0 

000 . . 

. 0 




+2.50000 V 

010 . . 

. 0 




+4.99939 V 

Oil . . 

. 1 


CONVERSION TRUTH TABLE 



INPUTS 

OUTPUTS 


Mode 

SC 

EOCEN 

CS 

OE 

EOC 

DB13 . . . DB0 

Status 

Start Conversion 

1 

X 

X 

X 



No Conversion 


\ 

X 

X 

X 



Start Conversion 


0 

X 

X 

X 



Continuous Conversion 

Conversion Status 

X 

0 

X 

X 

0 


Converting 


X 

0 

X 

X 

1 


Not Converting 


X 

1 

X 

X 

High Z 


Either 

Data Access 

X 

X 

X 

1 


High Z 

Three-State 


X 

X 

1 

X 


High Z 

Three-State 


X 

X 

0 

0 


MSB ... LSB 

Data Out 


NOTES 

U = Logical OR. 

1 = HIGH voltage level. 

0 = LOW voltage level. 

X = Don’t care. 

= HIGH to LOW transition. Must stay LOW for t = t CP 
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ADI 779 


ABSOLUTE MAXIMUM RATINGS* 


Specification 

With 

Respect 

To 

Min 

Max 

Units 

Vcc 

AGND 

-0.3 

+ 18 

V 

Vee 

AGND 

-18 

+0.3 

V 

Vcc 

Vee 

-0.3 

+26.4 

V 

Vdd 

DGND 

0 

+7 

V 

AGND 

DGND 

-1 

+ 1 

V 

AIN, REF in 

AGND 

-12 

+ 12 

V 

ref in 

Vee 

0 

Vcc 

V 

ref in 

Vcc 

Vee 

0 

V 

Digital Inputs 

DGND 

-0.5 

+7 

V 

Digital Outputs 

DGND 

-0.5 

V DD +0.3 

V 

Max Junction 





Temperature 



175 

°c 

Operating Temperature 


0 

+70 

°c 

Storage Temperature 


-65 

+ 150 

°c 

Lead Temperature 





(10 sec max) 



+300 

°c 


PIN CONFIGURATION 




Vood 

• 

~28~| DB13 

EOC QT 


17 ] DB12 

OE [TT 


17 ] DB11 

sc [T 


17 ] DB10 

v„[T 


17 ] DB9 

ain [ir 


17 ] DB8 

agnd Cl 

ADI 779 

H] DB7 

ref° ut [TT 

TOP VIEW 
(Not to Scale) 

17 ] DB6 

ref in [T 


17 ] DB5 

BIPOFF [7(7 


77 ] DB4 

Vcc [lT 


77 ] DB3 

CS [~T2~ 


77 ] DB2 

EOCEN (jT 


77 ] DB1 

DGND [77 


77 ] DB0 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


ESD SENSITIVITY 

The AD 1779 features input protection circuitry consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD1779 
has been classified as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip- 
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 



ORDERING GUIDE 


Model 

Package 

S/N+D 1 

Temperature 

Range 

Digital Interface 
Format 2 

Package 

Options 3 

AD1779JN 

28-Pin Plastic DIP 

79 dB 

0 to +70°C 

1 Cycle Read (14 Bits) 

N-28A 

AD1779KN 

28-Pin Plastic DIP 

81 dB 

0 to +70°C 

1 Cycle Read (14 Bits) 

N-28A 

AD1779JD 

28-Pin Ceramic DIP 

79 dB 

0 to +70°C 

1 Cycle Read (14 Bits) 

D-28A 

AD1779KD 

28-Pin Ceramic DIP 

81 dB 

0 to +70°C 

1 Cycle Read (14 Bits) 

D-28A 


NOTES 

Typical @ 10 kHz, -0.5 dB input. 

2 For 2 cycle read (8+6 bits) interface to 8-bit buses, see AD1679. 
3 See Section 14 for package outline information. 
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AD1779 PIN DESCRIPTION 


Symbol 

Pin No. 

Type 

Name and Function 

AGND 

7 

P 

Analog Ground. This is the ground return for AIN only. 

AIN 

6 

Al 

Analog Signal Input. 

BIPOFF 

10 

Al 

Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight binary output 
coding. Connect to REF OUT for ±5 V input bipolar mode and twos complement binary output 
coding. 

CS 

12 

Dl 

Chip Select. Active LOW. 

DGND 

14 

P 

Digital Ground. 

DB13-DB0 

28-15 

DO 

Data Bits. These pins provide all 14 bits in one 14 bit parallel output. Active HIGH. 

EOC 

2 

DO 

End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the 
conversion is finished. EOC is a three-state output. See EOCEN pin for information on EOC 
gating. 

EOCEN 

13 

DI 

End-of-Convert Enable. Enables EOC pin. Active LOW. 

OE 

3 

DI 

Output Enable. A down-going transition on OE enables data bits. Active LOW. 

REF in 

9 

AI 

Reference Input. +5 V input gives 10 V full scale range. 

DEC 

OUT 

o 

\r\ 

i ivy 

i c \t A... * nr; — i dec f 1 — 

i j v i\uti uiLt wuipui. iicu iu AX-LiA jN jiui uuiiiicu upciauun. 

SC 

4 

DI 

Start Convert. Active LOW. 

V cc 

11 

P 

+ 12 V Analog Power. 

Vee 

5 

P 

- 12 V Analog Power. 

Vdd 

1 

P 

+5 V Digital Power. 


Type: AI = Analog Input. 

AO = Analog Output. 

DI = Digital Input (TTL and 5 V CMOS compatible). 

DO = Digital Output (TTL and 5 V CMOS compatible). All DO pins are tri-state drivers. 
P = Power. 
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Definition of Specifications - ADI 779 


FREQUENCY DOMAIN TESTING 

The AD 1779 is tested dynamically using a sine wave input and a 
2048 point Fast Fourier Transform (FFT) to analyze the result- 
ing output. Coherent sampling is used, wherein the ADC sam- 
pling frequency and the analog input frequency are related to 
each other by a ratio of integers. This ensures that an integral 
number of input cycles is captured, allowing direct FFT pro- 
cessing without windowing or digital filtering which could mask 
some of the dynamic characteristics of the device. In addition, 
the frequencies are chosen to be “relatively prime” (no common 
factors) to maximize the number of different ADC codes that 
are present in a sample sequence. The result, called Prime 
Coherent Sampling, is a highly accurate and repeatable measure 
of the actual frequency domain response of the converter. 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
S/N+D is the ratio of the rms value of a full-scale input signal 
to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. 

TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of a full-scale input signal and is 
expressed as a percentage or in decibels. For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
components are used. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 

INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa 
and fb, any device with nonlinearities will create distortion 
products, of order (m -I- n), at sum and difference frequencies 
of mfa ± nfb, where m, n = 0, 1, 2, 3 . . . Intermodulation 
terms are those for which m or n is not equal to zero. For exam- 
ple, the second order terms are (fa + fb) and (fa - fb) and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals applied to the con- 
verter are of equal amplitude and the peak value of their sum is 
-0.5 dB from full scale (9.44 V p-p). The IMD products are 
normalized to a -0 dB input signal. 

BANDWIDTH 

The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 


The full-linear bandwidth is the input frequency at which the 
slew rate limit of the sample-hold-amplifier (SHA) is reached. 

At this point, the amplitude of the reconstructed fundamental 
has degraded by less than -0.1 dB. Beyond this frequency, dis- 
tortion of the sampled input signal increases significantly. 

The AD 1779 has been designed to optimize input bandwidth, 
allowing it to undersample input signal frequencies significantly 
above the converter’s Nyquist frequency. If the input signal is 
suitably band-limited, the spectral content of the input signal 
can be recovered. 

APERTURE DELAY 

Aperture delay is a measure of the SHA’s performance and is 
measured from the falling edge of Start Convert (SC) to when 
the input signal is held for conversion. In synchronous mode, 
Chip Select (CS) should be LOW before SC to minimize aper- 
ture delay. 

APERTURE JITTER 

Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the A/D. 

INPUT SETTLING TIME 

Settling time is a function of the SHA’s ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy. 

DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are 1 LSB apart. Differential 
nonlinearity is the deviation from this ideal value. It is often 
specified in terms of resolution for which no missing codes are 
guaranteed. 

For the AD1779, this specification is 14 bits from T min to 
T max , which guarantees that all 16,384 codes are present over 
temperature. 

UNIPOLAR ZERO ERROR 

In unipolar mode, the first transition should occur at a level 
1/2 LSB above analog ground. Unipolar zero error is the devia- 
tion of the actual transition from that point. This error can be 
adjusted as discussed in the Input Connections and Calibration 
section. 

BIPOLAR ZERO ERROR 

In the bipolar mode, the major carry transition (11 1111 1111 
1 1 1 1 to 00 0000 0000 0000 ) should occur at an analog value 1/2 
LSB below analog ground. Bipolar zero error is the deviation of 
the actual transition from that point. This error can be adjusted 
as discussed in the Input Connections and Calibration section. 

GAIN ERROR 

The full-scale transition should occur at an analog value 1 1/2 
LSB below the nominal full scale (9.9991 volts for a 0-10 V 
range, 4.9991 volts for a ±5 V range). The gain error is the 
deviation of the actual level at the last transition from the ideal 
level with the zero error trimmed out. This error can be adjust- 
ed as shown in the Input Connections and Calibration section. 
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Application Information 


INPUT CONNECTIONS AND CALIBRATION 

The high (10 Mft) input impedance of the AD 1779 eases the 
task of interfacing to high source impedances or multiplexer 
channel-to-channel mismatches of up to 300 ft. The 10 V p-p 
full scale input range accepts the majority of signal voltages 
without the need for voltage divider networks which could 
deteriorate the accuracy of the ADC. 

In some applications, offset and gain errors need to be more 
precisely trimmed. The following sections describe the correct 
procedure for these various situations. 

BIPOLAR RANGE INPUTS 

The connections for the bipolar mode are shown in Figure 11. 
In this mode, data output coding will be twos complement 
binary. This circuit will allow approximately ±25 mV of offset 
trim range (±40 LSB) and ±0.5% of gain trim range (±80 
LSB). 

Either or both of the trim pots can be replaced with 50 ft ±i% 
fixed resistors if the specified AD1779 accuracy limits are suffi- 
cient for the application. If the pins are shorted together, the 
additional offset and gain errors will be approximately 80 LSB. 

To trim bipolar zero to its nominal value, apply a signal 1/2 LSB 
below midrange (-0.305 mV for a ±5 V range) and adjust R1 
until the major carry transition is located (11 1111 1111 1111 to 
00 0000 0000 0000). To trim the gain, apply a signal 1 1/2 LSB 
below full scale (+4.9997 V for a ±5 V range) and adjust R2 to 
give the last positive transition (01 1111 1111 1110 to 01 1111 
1111 1111). These trims are interactive so several iterations may 
be necessary for convergence. 

A single pass calibration can be done by substituting a bipolar 
offset trim (error at minus full scale) for the bipolar zero trim 
(error at midscale), using the same circuit. First, apply a signal 
1/2 LSB above <minus full scale (-4.9997 V for a ±5 V range) 
and adjust R1 until the minus full scale transition is located 
(10 0000 0000 0000 to 10 0000 0000 0001). Then perform the 
gain error trim as outlined above. 



Figure 1 1. Bipolar Input Connections with Gain and 
Offset Trims 

UNIPOLAR RANGE INPUTS 

Offset and gain errors can be trimmed out by using the configu- 
ration shown in Figure 12. This circuit allows approximately 
±25 mV of offset trim range (±40 LSB) and ±0.5% of gain 
trim range (±80 LSB). 

The nominal offset is 1/2 LSB so that the analog range that cor- 
responds to each code will be centered in the middle of that 
code (halfway between the transitions to the codes above and 
below it). Thus the first transition (from 00 0000 0000 0000 to 
00 0000 0000 0001) should nominally occur for an input level of 


+ 1/2 LSB (0.305 mV above ground for a 10 V range). To trim 
unipolar zero to this nominal value, apply a 0.305 mV signal to 
AIN and adjust R1 until the first transition is located. 

The gain trim is done by adjusting R2. If the nominal value is 
required, apply a signal 1 1/2 LSB below full scale (9.9997 V for 
a 10 V range) and adjust R2 until the last transition is located 

(ii mi mi mo to ii ini ini ini). 

If offset adjustment is not required, BIPOFF should be con- 
nected directly to AGND. If gain adjustment is not required, 

R2 should be replaced with a fixed 50 ft ±1% metal film resis- 
tor. If REF out is connected directly to REF IN , the additional 
gain error will be approximately 1%. 



Figure 12. Unipolar Input Connections with Gain and 
Offset Trims 

REFERENCE DECOUPLING 

It is recommended that a 10 pF tantalum capacitor be 
connected between REF IN (Pin 9) and ground. This has the 
effect of improving the S/N+D ratio through filtering possible 
broad-band noise contributions from the voltage reference. 

BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
1.22 mA current through a 0.5 ft trace will develop a voltage 
drop of 0.6 mV, which is 1 LSB at the 14-bit level for a 10 V 
full scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 

Analog and digital signals should not share a common path. 

Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom- 
mended to provide low impedance signal paths. Separate analog 
and digital ground planes are also desirable, with a single inter- 
connection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

The AD 1779 incorporates several features to help the user’s lay- 
out. Analog pins (V EE , AIN, AGND, REF OUT , REF IN , 
BIPOFF, V cc ) are adjacent to help isolate analog from digital 
signals. In addition, the 10 Mft input impedance of AIN mini- 
mizes input trace impedance errors. Finally, ground currents 
have been minimized by careful circuit architecture. Current 
through AGND is 200 pA, with no code dependent variation. 
The current through DGND is dominated by the return current 
for DB13-DB0 and EOC. 
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ADI 779 


SUPPLY DECOUPLING 

The AD 1779 power supplies should be well filtered, well regu- 
lated, and free from high frequency noise. Switching power sup- 
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox- 
imity between all power supply pins and ground. A 10 (jlF tan- 
talum capacitor in parallel with a 0.1 |xF ceramic capacitor pro- 
vides adequate decoupling . 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD 1779, associated analog input circuitry and interconnec- 
tions as far as possible from logic circuitry. A solid analog 
ground plane around the AD 1779 will isolate large switching 


ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 

GROUNDING 

If a single AD 1779 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 
AD1779. If multiple AD1779s are used or the AD1779 shares 
analog supplies with other components, connect the analog and 
digital returns together once at the power supplies rather than at 
each chip. This single interconnection of grounds prevents large 
ground loops and consequently prevents digital currents from 
flowing through the analog ground. 


INTERFACING THE AD1779 TO MICROPROCESSORS 

The I/O capabilities of the AD 1779 allow direct interfacing to 
general purpose and DSP microprocessor buses. The asynchro- 
nous conversion control feature allows complete flexibility and 
control with minimal external hardware. 

The following examples illustrate typical AD 1779 interface 
configurations. 

AD1779 TO TMS320C25 

In Figure 13 the AD1779 is mapped into the TMS320C25 I/O 
space. AD 1779 conversions are initiated by issuing an OUT 
instruction to Port 8. EOC status and the conversion result are 
read in with an IN instruction to Port 8. A single wait state is 
inserted by gene rating the processor READY input from IS, 
Port 8 and MSC. This configuration supports processor clock 
speeds of 20 MHz and is capable of supporting processor clock 
speeds of 40 MHz if a NOP instruction follows each AD 1779 
read instruction. 



Figure 13. ADI 779 to TMS320C25 Interface 


AD1779 TO 80186 

Figure 14 shows the AD 1779 interfaced to the 80186 micropro- 
cessor. This interface allows the 80186’s built-in DMA control- 
ler to transfer the AD 1779 output into a RAM based FIFO 
buffer of any length, with no microprocessor intervention. 

The AD 1779 is asynchronous which allows conversions to be 
initiated by an external trigger source independent of the micro- 
processor clock. After each conversion, the AD 1779 EOC signal 
generates a DMA request to Channel 1 (DRQ1). The subse- 
quent DMA READ sequences the high and low byte AD 1779 
data and resets the interrupt latch. The system designer must 
assign a sufficient priority to the DMA channel to ensure that 
the DMA request will be serviced before the completion of the 
next conversion. This configuration can be used with 6 MHz 
and 8 MHz 80186 processors. 



Figure 14. ADI 779 to 80186 DMA Interface 
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AD1779 TO Z80 

The AD 1779 can be interfaced to the Z80 processor in an I/O or 
memory mapped configuration. Figure 15 illustrates an I/O con- 
figuration, where the AD 1779 occupies several port addresses to 
allow separate polling of the EOC status and reading of the data. 

A useful feature of the Z80 is that a single wait state is automat- 
ically inserted during FO operations, allowing the AD 1779 to be 
used with Z80 processors having clock speeds up to 8 MHz. 



Figure 15. ADI 779 to Z80 Interface 


AD1779 TO ANALOG DEVICES ADSP-2100A 

Figure 16 demonstrates the AD1779 interfaced to an 
ADSP-2100A. With a clock frequency of 1.25 MHz, and 
instruction execution in one 80 ns cycle, the digital signal pro- 
cessor will support the AD 1779 data memory interface with two 
wait states. 

The converter runs asychronously using a sampling clock. The 
EOC output of the AD 1779 gets asserted at the end of each con- 
version and causes an interrupt. Upon interrupt, the ADSP- 
2 100 A starts a data memory read by providing an address on the 
DMA bus. The decoded address generates OE for the converter. 
OE, together with logic and latches, is used to force the ADSP- 
2 100 A into a two cycle wait state by generating DMACK. The 
read operation is thus started and completed within three pro- 
cessor cycles (240 ns). 



Figure 16. ADI 779 to ADSP-2100A Interface 
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□ ANALOG 
DEVICES 


12-Bit Successive Approximation 
High Accuracy A/D Converters 


AD5200/AD5210 Series 


FEATURES 

True 12-Bit Operation: ±1/2LSB max Nonlinearity 
Totally Adjustment-Free 

Guaranteed No Missing Codes Over the Specified 
Temperature Range 
Hermetically -Sealed Package 
Standard Temperature Range: -25° C to +85°C 
Extended Temperature Range: -55°C to +125°C 
Serial and Parallel Outputs 

Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24-Pin DIP 

MIL-STD-883B Processing Available 


GENERAL DESCRIPTION 

The AD52XX series devices are 12-bit successive approximation 
analog-to-digital converters. The hybrid design utilizes MSI 
digital, linear monolithic chips and active laser trimming of 
high-stability thin-film resistors to provide a totally adjustment 
free converter— no potentiometers are required for calibration. 

The innovative design of the AD52XX series devices incorpo- 
rates a monolithic 12-bit feedback DAC for reduced chip 
count and higher reliability. The exceptional temperature 
coefficients of the monolithic DAC guarantees ±1/2LSB line- 
arity over the entire operating temperature range of -25°C 
to +85°C for the BD grade and -55°C to +125 C for the 
TD grade. 

The AD52XX series converters are available in 2 input voltage 
ranges: ±5V (AD 5 2X1 /AD 5 2X4) and ±10V (AD52X2/ 
AD52X5). The converters are available either complete with 
an internal buried zener reference or with the option of an 
external reference for improved absolute accuracy. 

The AD52XX series converters are available in two per- 
formance grades; the “B” is specified from -25°Cto+85°C 
and the “T” is specified from -55 C to +125°C. All units are 
available in a 24-pin hermetically sealed ceramic DIP. 


AD5200/AD5210 FUNCTIONAL BLOCK DIAGRAM 



CLOCK IN 

DIG GND 

EOC 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT 11 

BIT 12 

+15V 

ANALOG 

IN 

-15 V 


•PIN 12 FUNCTION: -V REF OUT - AD52X1, AD52X2 
-Vref IN - AD52X4, AD52X5 


PRODUCT HIGHLIGHTS 

1 . The AD52XX series devices are laser trimmed at the factory 
to provide a totally adjustment free converter— no potenti- 
ometers are required for 12-bit performance. 

2. A monolithic 12-bit feedback DAC is used for reduced chip 
count and higher reliability. 

3. The AD52XX series directly replaces other devices of this 
type with significant increases in performance. 

4. The devices offer true 12-bit accuracy and exhibits no 
missing codes over the entire operating temperature range. 

5. The fast conversion rate of the AD 5 2 10 series makes it an 
excellent choice for applications requiring high system 
throughput rates. 
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(typical @ + 25°C, ± 15V and + 5V unless otherwise noted) 


INPUT INPUT 

RANGE 1 IMPEDANCE 





-5V to +5V 5.0k« 

-10V to +10V lO.Okn 

AD52X1B 

AD52X2B 

AD52X1T 

AD52X2T 

AD52X4B 

AD52X5B 

AD52X4T 

AD52X5T 

REFERENCE 

Internal 

* 

External -10.000V 

* * * 

RESOLUTION 

12 Bits 

* 

* 

* 

LINEARITY ERROR, MAX 

±1/2LSB 

* 

* 

* 

No Missing Codes T m i n to T max 

Guaranteed 

* 

* 

* 

ZERO ERROR, MAX 

±1LSB 

* 

* 

* 

ZERO ERROR, MAX 

^min to T m ax 

±2LSB 

* 

* 

* 

ABSOLUTE ACCURACY, MAX 

±2LSB 

* 

* 

* 

ABSOLUTE ACCURACY, MAX 

Tmin to T m ax 

±0.4% of FSR 2 

* 

±0.1% of FSR 2 

* * * 

CONVERSION TIME, MAX 

Clock = 1MHz (5210 Series) 

13jus 

* 

* 

* 

Clock = 260kHz (5200 Series) 

50fjts 

* 

* 

* 

LOGIC RATINGS 

Input Logic Commands 

Logic “0” 

0.8V max 

* 

* 

* 

Logic “1” 

+2.0V min 

* 

* 

* 

Loading 

0.5TTL Load 

* 

* 

* 

CLOCK INPUT PULSE WIDTH 

100ns min 

* 

* 

* 

OUTPUT LOGIC 

Logic “0” 

0.4V max 

* 

* 

* 

Logic “1” 

3.6V (2.4 min) 

* 

* 

* 

FANOUT - HIGH 

8TTL Loads 

* 

* 

* 

FANOUT - LOW 

2TTL Loads 

* 

* 

* 

POWER SUPPLY REQUIREMENTS 

v LOGIC 

+5V ±10% 

* 

* 

* 

Vcc 

+ 15V ±10% 

* 

* 

* 

V DD 

-15V ±10% 

* 

* 

♦ 

OPERATING CURRENT 

v LOGIC 

25mA (42mA max) 

* 

* 

* 

V CC 

10mA (16mA max) 

* 

* 

* 

V D D 

V REF 

20mA (28mA max) 

* 

* 

0.5mA 

* 

* * * 

POWER SUPPLY REJECTION 

V CC 

±0.005%/% (±0.02%/% max) 

* 

* 

* 

V DD 

±0.005%/% (±0.02%/% max) 

* 

* 

* 

POWER CONSUMPTION 

575mW (870mW max) 

* 

575mW (875mW max) 

*** 

OPERATING TEMPERATURE 

RANGE 

-25°C to +85°C 

-55°C to +125°C 

* 

* * 


NOTES 

•Same specifications as AD52X1/X2B. 

••Same specifications as AD52X1/X2T. 

•••Same specifications as AD52X4/X5B. 

1 Other input ranges are available, consult factory. 

3 FSR is Full Scale Range and is equal to the peak to peak input signal. 
Specifications subject to change without notice. 
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AD5200/AD5210 Series 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 
Digital Outputs 
Digital Inputs 
Reference Supply 


-65°C to +150° C 

+ 18V 

-18V 

-0.5V to +7V 
±25V 

Logic Supply 

+5.5V 

-15V 



START 


+5V 

SERIAL 

OUT 

BIT 6 


BIT 5 


BIT 4 


BIT 3 
BIT 2 

BIT 1 

TEST 

POINT 

ANALOG 

GND 

-Vref OUT 
-Vref IN 



CLOCK IN 
DIG GND 
EOC 
BIT 7 
BIT 8 
BIT 9 
BIT 10 
BIT 11 
BIT 12 

+15V 

ANALOG 

IN 

-15 V 


*PIN 12 FUNCTION: -Vref OUT - AD52X1, AD52X2 
-Vref IN - AD52X4, AD52X5 


Figure 1. Burn In Circuit 


Figure 2. Pin Designations 


AD52XX SERIES ORDERING GUIDE 


Model 

Linearity 

Absolute 

Accuracy 

Temperature 

Range 

Conversion 

Time 

Package 

Option* 

AD521 **BD 

1/2LSB 

2LSB 

-25°C to +85°C 

13 jus 

DH-24C 

AD521 **TD 

1/2LSB 

2LSB 

-55°C to +125°C 

13jus 

DH-24C 

AD520**BD 

1/2LSB 

2LSB 

-25°C to +85°C 

50jus 

DH-24C 

AD520**TD 

1/2LSB 

2LSB 

-55°C to +125°C 

50/us 

DH-24C 

NOTES: 

TD grades are available with MIL-STD-883, Method 5008, Class B processing. 




*See Section 14 for package outline information. 

**Insert number according to desired input voltage range as shown in Table II. 
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THEORY OF OPERATION 

On receipt of a CONVERT START command, the AD52XX 
converts the voltage as its analog input into an equivalent 
12-bit binary number. This conversion is accomplished a 5 
follows: the 12-bit successive-approximation register (SAR) 
has its 12 outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

TIMING 

The timing diagram is shown in Figure 3. A conversion is initi- 
ated by holding the start convert low during a rising edge of 
the clock. The start convert transition must occur at a mini- 
mum of 25ns prior to the clock transition. The end of conver- 
sion (E.O.C.) signal will be set simultaneously with the initia- 


tion of conversion. The actual conversion will not start until 
the first rising edge of the clock after the start convert is again 
set high. At time to, Bj is reset and B 2 ~Bi 2 are set uncon- 
ditionally. At tj the Bit 1 decision is made and Bit 2 
is unconditionally reset. At t 2 , the Bit 2 decision is made 
(keep) and Bit 3 is reset unconditionally. This sequence con- 
tinues until the Bit 12 (LSB) decision (keep) is made at t\ 2 . 
The STATUS flag is reset at time ti 2 indicating that the 
conversion is complete and that the parallel output data is 
valid. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 3 ). An ex- 
ternal clock of 1MHz (AD5210) will yield 13jiis conversion 
time. An external clock of 260kHz (AD5200) will yield 
50/is conversion time. 
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Figure 3. Timing Diagram 


The analog continuum is partitioned into 2 12 discrete ranges 
for 12-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors have been 


internally trimmed to provide an absolute accuracy of ±0.05%. 
Linearity error is defined as the deviation from a true straight 
line transfer characteristic from a zero analog input which 
calls for a zero digital output to a point which is defined as 
full scale. The linearity error is unadjustable and is the most 
meaningful indication of A/D converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step 
size (Figure 4). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD52XX is specified as having no 
missing codes over the entire temperature range as specified 
on the data page. 


3-230 ANALOG-TO-D/GITAL CONVERTERS 



There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac- 
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 


Ag 2 + e o 2 


€q = Gain Drift Error (ppm/°C) 

€q = Offset Drift Error (ppm of FSR/°C) 
6 l = Linearity Error (ppm of FSR/°C) 



Figure 4. Transfer Characteristics for an Ideal Bipolar A/D 


GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Digital Ground and 
Analog Ground (Analog Power Return). These grounds must 
be tied together at one point, usually at the system power- 
supply ground. Ideally, a single solid ground would be de- 
sirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these 
paths have resistance and inductance, hundreds of millivolts 
can be generated between the system ground point and the 
ground pin of the AD52XX. Separate ground returns should 
be provided to minimize the current flow in the path from 
sensitive points to the system ground point. In this way sup- 
ply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 



# IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 


Figure 5. Basic Grounding Practice 


AD5200/AD5210 Series 


Each of the AD52XX’s supply terminals should be capacitively 
decoupled as close to the AD5 2XX as possible. A large value 
capacitor such as ljtiF in parallel with O.OljuF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Ground pin and the logic supply is bypassed to the Digital 
Ground pin. 


o.oi m fi±: zti.OmF 


Figure 6. Power Supply Decoupling 
SAMPLED DATA SYSTEMS 

The conversion speed of the AD52XX allows accurate digit- 
ization of high frequency signals and high throughput rates 
in multichannel data acquisition systems. To make the 
AD52XX capable of full benefit from this high speed, a fast 
sample-hold amplifier such as the AD346 or ADSHC-85 is 
required. Figures 7 and 8 show the use of an AD346 and 
ADSHC-85 as sample and holds in combination with the 
AD52XX. 


ANALOG T*7 

INPUT V 

-10VTO+10V 8 _ 10 



Figure 7. 66.6kHz— 12 Bit , A/D Conversion System 


ANALOG 

INPUT 

-10V TO +10V 


JlOfiF | IOmF [lO/iF 
$ ? ? 



Figure 8. 18.3kHz— 12-Bit, A/D Conversion System 
In sampled data systems there are two limiting factors in 
digitizing high frequency signals. The maximum value of 
input signal frequency that can be acquired and digitized 
using a sample and hold amplifier and A/D converter com- 
bination is influenced by the bandwidth of the SHA, but it 
is also dictated by: 

A. The aperture uncertainty (jitter) of the sample and 
hold amplifier. 
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B. The desired accuracy and corresponding resolution of 
the converter. 

The resolution of an AD5210 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 


2 -n 

f MAx/ (27r)( Aperture Uncertainty) 

Fmax/AD346 = — (4096) (4 x 10 _ 10) = 97.1kHz 

F max /ADSHC-85 - = 77.7kHz 

(2jr) (4096) (5 X Hr 10 ) 


The maximum throughput rate for each of these combinations 
is again different. The maximum throughput rate is the sum 
of the sample and hold acquisition time and A/D conversion 
time as shown in Figure 9. 


XT clock juuumnjiruuuuw 


START 

CONVERT 



u 


E.O.C. _l CONVERSION OF 1 T 

SAMPLE 1 ACQUISTION 

OF 

SAMPLE 2 


CONVERSION OF 
SAMPLE 2 


E. O.C. CONNECTED TO SAMPLE AND HOLD MODE CONTROL 


Figure 9. START/E. O.C. Timing for Sampled Data 
System 


When using an AD 3 46 with an AD5212 the throughput 
rate is, 2.0ps acquisition time plus 13jus conversion time, 
66.6kHz. The ADSHC-85 used in combination with an 
AD5202 is, 4.5/xs acquisition time plus 50jus conversion time, 
18.3kHz. To meet the requirements of the Nyquist sampling 
criteria, the AD346 and AD5210 combination can be used 
for input frequencies from dc through 33.3kHz; the ADSHC- 
85 and AD5 210 combination for inputs from dc through 
9.2kHz. Input frequencies higher than these (up to the maxi- 
mum frequency) would result in “under-sampling” of the 
input signal. Signals up to the maximum frequency could be 
processed if their bandwidth is less than one-half the sample 
frequency. 

A fast (32kHz) 12-bit DAS can be configured using the AD 13 62 
and the AD521X. The ADI 362 contains two 8 -channel multi- 
plexers, a differential amplifier, a sample-and-hold with high- 
speed output amplifier, a channel address latch and control 
logic. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the ADI 362 is an 


internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard- 
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 


DC POWER 



Figure 10. High Speed 12-Bit DAS 


CONVERT START USING A POSITIVE EDGE 
In some systems it may be inconvenient to generate a negative 
going start convert pulse of the proper width. The circuit of 
Figure 11 can be used to start a conversion on the AD521X 
series of A/Ds with a positive going edge. To perform a con- 
version both the convert start signal and the E.O.C. must be 
low. The output of the inverter and nand gate will then be in 
the high state. The converter will reset on the next rising 
clock edge. Resetting brings the E.O.C. to a high state; the 
inverter goes low; the convert start is still high so the output 
of the nand gate goes high allowing the conversion to continue 
immediately. The convert start line has only to be brought 
back down before the conversion is complete. 


START 

SIGNAL 


O 




AD52XX 


CLOCK 

START 

SIGNAL 




STATUS 
INVERTER 
NAND GATE 
START 
CONVERT 



- 0 - 

■Vr 


Figure 1 1. Convert Start Using a Positive Edge 


Input Range 

Speed 

Internal 

Reference 

External 

Reference 

-5V to +5V 

5 Ops 

AD5201 

AD5204 


13ms 

AD5211 

AD5214 

-10V to +10V 

50jus 

AD5202 

AD5205 


13 ps 

AD5212 

AD5215 


i.e., — the 13jus conversion time, ±10V input, external reference, 
extended temperature unit is the AD5215TD. 

Table II. 
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ANALOG 

DEVICES 


LC 2 M0S 

Complete, 8-Bit Analog I/O System 


AD7569/AD7669 


FEATURES 

2|*s ADC with Track/Hold 
1 jjls DAC with Output Amplifier 
AD7569, Single DAC Output 
AD7669, Dual DAC Output 
On-Chip Bandgap Reference 
Fast Bus Interface 
Single or Dual 5V Supplies 


AD7569 FUNCTIONAL BLOCK DIAGRAM 


CLK V DD 



GENERAL DESCRIPTION 

The AD7569/AD7669 is a complete, 8-bit, analog I/O system on 
a single monolithic chip. The AD7569 contains a high speed 
successive approximation ADC with 2|xs conversion time, a 
track/hold with 200kHz bandwidth, a DAC and output buffer 
amplifier with 1 |xs settling time. A temperature-compensated 
1.25V bandgap reference provides a precision reference voltage 
for the ADC and the DAC. The AD7669 is similar but contains 
two DACs with output buffer amplifiers. 

A choice of analog input/output ranges is available. Using a 
supply voltage of + 5 V, input and output ranges of zero to 
1 .25V and zero to 2.5 volts may be programmed using the RANGE 
input pin. Using a ±5V supply, bipolar ranges of ± 1.25V or 
±2.5V may be programmed. 

Digital interfacing is via an 8-bit I/O port and standard micro- 
processor control lines. Bus interface timing is extremely fast, 
allowing easy connection to all popular 8-bit microprocessors. A 
separate start convert line controls the track/hold and ADC to 
give precise control of the sampling period. 

The AD7569/AD7669 is fabricated in Linear-Compatible CMOS 
(LC 2 MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low power CMOS logic. The 
AD7569 is packaged in a 24-pin, 0.3" wide “skinny” DIP and 
in 28-terminal PLCC and LCCC packages. The AD7669 is 
available in a 28-pin, 0.6" plastic DIP and 28-terminal PLCC 
package. 


AD7669 FUNCTIONAL BLOCK DIAGRAM 


CLK NC V DD 



PRODUCT HIGHLIGHTS 

1. Complete Analog I/O on a Single Chip. 

The AD7569/AD7669 provides everything necessary to 
interface a microprocessor to the analog world. No external 
components or user trims are required, and the overall 
accuracy of the system is tightly specified, eliminating the 
need to calculate error budgets from individual component 
specifications. 

2. Dynamic Specifications for DSP Users. 

In addition to the traditional ADC and DAC specifications 
the AD7569/AD7669 is specified for AC parameters, including 
signal-to-noise ratio, distortion and input bandwidth. 

3. Fast Microprocessor Interface. 

The AD7569/AD7669 has bus interface timing compatible 
with all modern microprocessors, with bus access and relinquish 
times less than 75ns and Write pulse width less than 80ns. 
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DAC SPECIFICATIONS' 


(Vdo= +5V ±5%; Vss 2 = RANGE = AGNO^ = AGND«, C = DGND = OV; R L = 2kft, C L = lOOpFto AGND dac unless othewise stated. 
All specifications T mln to T^, unless othemise slated.) 


Parameter 

AD7569 

J, A Versions 3 
AD7669 

J Version 

AD7569 

K, B Versions 

AD7569 

S Version 

AD7569 

T Version 

Units 

Conditions/Comments 

STATIC PERFORMANCE 







Resolution 4 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 5 

±2 

±2 

±3 

±3 

LSB typ 


Relative Accuracy 5 

±1 

±1/2 

±1 

±1/2 

LSBmax 


Differential Nonlinearity 5 

±1 

±3/4 

±1 

±3/4 

LSB max 

Guaranteed Monotonic 

Unipolar Offset Error 






DAC data is all 0s; Vss = 0V 

@25°C 

±2 

±1.5 

±2 

±1.5 

LSB max 

Typical tempco is 10 |aV/°C for + 1.25 V range 

Tmin to Tmax 

±2.5 

±2 

±2.5 

±2 

LSBmax 


Bipolar Zero Offset Error 






DAC data is all 0s; V ss = - 5 V 

@25°C 

±2 

±1.5 

±2 

±1.5 

LSBmax 

Typical tempco is 20|xV/°C for ± 1 .25 V range 

Tnnin tO Tmgx 

±2.5 

±2 

±2.5 

±2 

LSBmax 


Full-Scale Error 6 (AD7569 Only) 






V DD = 5V 

(fv25°C 

±2 

±1 

±2 

±1 

LSB max 


Tmin toT max 

±3 

±2 

±4 

±3 

LSB max 


Full-Scale Error 6 (AD7669 Only) 






V dd = 5V 

@»25°C 

±3 




LSBmax 


Tmin to T^ 

±4.5 




LSB max 


DACA/DACB Full Scale Error Match 6 







(AD7669 Only) 

±2.5 




LSBmax 

Vdd = 5V 

AFull Scale/ AVdd, T a = 25°C 

0.5 

0.5 

0.5 

0.5 

LSB max 

Vout = 2.5V; AV dd = ±5% 

AFull Scale/A V ss , T a = 25°C 

0.5 

0.5 

0.5 

0.5 

LSB max 

Vout = -2.5V;AV SS = ±5% 

Load Regulation at Full Scale 

0.2 

0.2 

0.2 

0.2 

LSBmax 

Rl = 2kfl to 0/C 

DYNAMIC PERFORMANCE 







Signal-to-Noise Ratio 5 (SNR) 

44 

46 

44 

46 

dB min 

Vout = 20kHz full-scale sine wave with fsAMPLiNG = 400kHz 

Total Harmonic Distortion 5 (THD) 

48 

48 

48 

48 

dB max 

Vout = 20kHz full-scale sine wave with fsAMPLiNG = 400kHz 

Intermodulation Distortion 5 (IMD) 

55 

55 

55 

55 

dB typ 

fa = 18.4kHz, fb = 14.5kHz with fsAMPLiNG = 400kHz 

ANALOG OUTPUT 







Output Voltage Ranges 







Unipolar 

0 to + 1.25/2.5 




Volts 

V DD = +5V,V SS = 0V 

Bipolar 

± 1 .25/ ±2.5 




Volts 

Vdd=+5V,V ss =-5V 

LOGIC INPUTS 







CS, A/B, WR, RANGE, RESET, DB0-DB7 







Input Low Voltage, Vinl 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input High Voltage, Vinh 

rKW l I 

2.4 

2.4 

2.4 

V min 


Input Leakage Current 


10 

10 

10 

|xA max 

V, N = 0toV D D 

Input Capacitance 7 


10 

10 

10 

pFmax 


DB0-DB7 







Input Coding (Single Supply) 



Binary 




Input Coding (Dual Supply) 



2s Complement 




AC CHARACTERISTICS 7 







Voltage Output Settling Time 






Settling time to within ± 1/2LSB of final value 

Positive Full-Scale Change 

2 

2 

2 

2 

|xs max 

Typically Ijas 

Negative Full-Scale Change (Single Supply) 

4 

4 

4 

4 

|xs max 

Typically 2 jjls 

Negative Full-Scale Change (Dual Supply) 

2 

2 

2 

2 

|xs max 

Typically 1 |as 

Digital-to- Analog Glitch Impulse 5 

15 

15 

15 

15 

nV.secs typ 


Digital Feedthrough 5 

1 

1 

1 

1 

nV secs typ 


Vim to Vout Isolation 

60 

60 

60 

60 

dBtyp 

Vi N = ± 2.5V, 50kHz Sine Wave 

DAC to DAC Crosstalk 5 (AD7669 Only) 

1 




nV secs typ 


DACA to DACB Isolation 5 (AD7669 Only) 

-70 




dBmax 


POWER REQUIREMENTS 







V DD Range 

4.75/5.25 

4.75/5.25 

4.75/5.25 

4.75/5.25 

Vmin/Vmax 

For Specified Performance 

V S s Range (Dual Supplies) 

-4.75/ -5.25 

-4.75/- 5.25 

-4.75/- 5.25 

-4.75/- 5.25 

Vmin/Vmax 

Specified Performance also applies to Vss - 0V 







for unipolar ranges. 

Idd 






Vout = V rN = 2.5V; Logic Inputs = 2.4V; CLK = 0.8V 

(AD7569) 

13 

13 

13 

13 

mA max 

Output unloaded 

(AD7669) 

18 




mA max 

Outputs unloaded 

I S s (Dual Supplies) 






Vout = Vjn = - 2.5V; Logic Inputs = 2.4V; CLK = 0.8V 

(AD7569) 

4 

4 

4 

4 

mAmax 

Output unloaded 

(AD7669) 

6 




mA max 

Outputs unloaded 

DAC/ADC MATCHING 







Gain Matching 6 






Vin to V OUT match with Vi N = ±2.5V, 

@25°C 

1 

1 

1 

1 

% typ 

20kHz sine wave 

Tmin toTmax 

1 

1 

1 

1 

% typ 



NOTES 

'Specifications apply to both DACs in the AD7669. V G ut applies to both VqutA and V 0 utB of the AD7669. 

2 Except where noted, specifications apply for all output ranges including bipolar ranges with dual supply operation. 

’Temperature ranges are as follows: J, K versions; 0 to +70°C 

A, B versions; -25°C to +85°C 
S, T versions; - 55"C to + 125°C 

4 lLSB=4.88mV for 0 to + 1.25V output range, 9.76mV for 0 to +2.5V and ± 1.25V ranges and 19.5mV for ±2.5V range. 

5 See Terminology. 

includes internal voltage reference error and is calculated after offset error has been adjusted out. Ideal unipolar full-scale voltage is (FS - 1LSB); ideal bipolar positive 
full-scale voltage is (FS/2 - 1LSB) and ideal bipolar negative full-scale voltage is - FS/2. 

7 Sample tested at 25°C to ensure compliance. 

Specifications subject to change without notice. 
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ADC SPECIFICATIONS 


(V DD = +5V ± 5%; Vss 1 = RANGE = AGNO^ = AGNO^ = DGND = 0V;f CLK = 5MHz external unless otherwise stated. 
All specifications T mjn to unless otheiwise stated.) 

Specifications apply to Mode 1 interface. 


Parameter 

AD7569 

J, A Versions 2 
AD7669 

J Version 

AD7569 

K,B Versions 

AD7569 

S Version 

AD7569 

T Version 

Units 

Conditions/Comments 

DC ACCURACY 







Resolution 3 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 4 

±3 

±3 

±4 

±4 

LSB typ 


Relative Accuracy 4 

±1 

±1/2 

±1 

±1/2 

LSBmax 


Differential Nonlinearity 4 

±1 

±3/4 

±1 

±3/4 

LSB max 

No Missing Codes 

Unipolar Offset Error 






Typical tempco is 10pV/°C for + 1 .25V range; V S s = 0V 

@25°C 

±2 

±1.5 

±2 

±1.5 

LSBmax 



±3 

±2.5 

±3 

±2.5 

LSBmax 


Bipolar Zero Offset Error 






Typical tempco is 20pV/°C for ± 1 ,25 V range; V ss = - 5 V 

@25°C 

±3 

±2.5 

±3 

±2.5 

LSBmax 



±3.5 

±3 

±4 

±3.5 

LSBmax 


Full-Scale Error 5 






Vdd = 5V 

@25°C 

-4, +0 

-4, +0 

-4, +0 

-4, +0 

LSB max 



-5.5, + 1.5 

-5.5, +L5 

-7.5, +2 

-7.5, +2 

LSBmax 


AFull Scale/A V DD , T A = 25°C 

0.5 

0.5 

0.5 

0.5 

LSBmax 

V IN = +2.5V; AV dd = ±5% 

AFull Scale/ AV SS , T A = 25°C 

0.5 

0.5 

0.5 

0.5 

LSBmax 

V m = - 2.5V; AV S s = ±5% 

DYNAMIC PERFORMANCE 







Signal-to-Noise Ratio 4 (SNR) 

44 

46 

44 

45 

dBmin 

Vin = 100kHz full-scale sine wave with fs A MPLiNG = 400kHz 6 

Total Harmonic Distortion 4 (THD) 

48 

48 

48 

48 

dB max 

Vin = 100kHz full-scale sine wave with fs A MPLiNG = 400kHz 6 

Intermodulation Distortion 4 (IMD) 

60 

60 

60 

60 

dBtyp 

fa = 99kHz, fb = 96.7kHz with fs A MPLiNG = 400kHz 

Frequency Response 

0.1 

0.1 

0.1 

0.1 

dBtyp 

Vin = ± 2.5V, dc to 200kHz sine wave 

Track/Hold Acquisition Time 7 

200 

200 

300 

300 

ns typ 


ANALOG INPUT 







Input Voltage Ranges 







Unipolar 

0to + 1.25/ + 2.5 



Volts 

V D d=+5V;V ss = 0V 

Bipolar 

±1.25/±2.5 



Volts 

V dd =+5V;V ss =-5V 

Input Current 

±300 

±300 

±300 

±300 

pA max 

See equivalent circuit Fig. 5 

Input Capacitance 

10 

10 

10 

10 

pF typ 


LOGIC INPUTS 







CS, RD, ST, CLK, RESET, RANGE 







Input Low Voltage, Vinl 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input High Voltage, Vi NH 

2.4 

2.4 

2.4 

2.4 

Vmin 


Input Capacitance 8 

10 

10 

10 

10 

pF max 


CS, RD, ST, RANGE, RESET 







Input Leakage Current 

10 

10 

10 

10 

pA max 

Vi N = 0toV DD 

CLK 







Input Current 







Iinl 

-1.6 

-1.6 

-1.6 

-1.6 

mA max 

Vin = 0V 

ItNH 

40 

40 

40 

40 

pAmax 

V, N = V DD 

LOGIC OUTPUTS 







DBO - DB7 , INT, BUSY 







Vol» Output Low Voltage 

0.4 

0.4 

0.4 

0.4 

Vmax 

Isink = 1 -6mA 

Voh> Output High Voltage 

4.0 

4.0 

4.0 

4.0 

Vmin 

Isource = 200pA 

DB0-DB7 







Floating State Leakage Current 

10 

10 

10 

10 

pA max 


Floating State Output Capacitance 8 

10 

10 

10 

10 

pF max 


Output Coding (Single Supply) 


Binary 





Output Coding (Dual Supply) 


1 2s Complement 




CONVERSION TIME 







With External Clock 

2 

2 

2 

2 

ps max 

f CLK = 5MHz 

With Internal Clock, T A = 25°C 

1.6 

1.6 

1.6 

1.6 

psmin 

Using recommended clock components shown in Fig- 


2.6 

2.6 

2.6 

2.6 

ps max 

ure 2 1 . Clock frequency can be adjusted by varying Rclk • 

POWER REQUIREMENTS 

[ As per DAC Specifications 


NOTES 

'Except where noted, specifications apply for all ranges including bipolar ranges with dual supply operation. 
2 Temperature ranges are as follows: J, K versions; 0 to + 70°C 

A, B versions; - 25°C to + 85°C 
S, T versions; - 55°C to + 125°C 

J lLSB = 4.88mV for 0 to + 1.25V range, 9.76mV for 0 to +2.5V and ± 1.25V ranges and 19.5mV for ±2.5V range. 
4 See Terminology. 

5 Indudes internal voltage reference error and is calculated after offset error has been adjusted out. Ideal unipolar 
last code transition occurs at (FS - 3/2LSB); Ideal bipolar last code transition occurs at (FS/2 - 3/2LSB). 

‘Exact frequenc ies are 101kHz and 384kHz to avoid harmonics coinciding with sampling frequency. 

7 Rising edge of BUSYto falling edge of ST. The time given refers to the acquisition time which gives a 3dB 
degradation in SNR from the tested figure. 

®Sample tested at 25°C to ensure compliance. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 (See Figures 8, 10, 12; V DD = 5V ± 5%; = 0V or - 5 V ± 5%) 




Limit at 

Limit at 




Limit at 

T mi „, T m „ 

Tmiiu T max 



Parameter 

25°C (All Grades) 

Q, K, A, B Grades) 

(S, T Grades) 

Units 

Test Conditions/Comments 

DAC Timing 






ti 


80 

90 

ns min 

WR Pulse Width 

t 2 

0 

0 

0 

ns min 

CS, A/B to WR Setup Time 

*3 

0 

0 

0 

ns min 

CS,A/B to WR Hold Time 

*4 

60 

70 

80 

ns min 

Data Valid to WR Setup Time 

t 5 

10 

10 

10 

ns min 

Data Valid to WR Hold Time 

ADC Timing 






*6 

50 

50 

50 

ns min 

ST Pulse Width 

t 7 

110 

130 

150 

ns max 

ST to BUSY Delay 

*8 

20 

30 

30 

ns max 

BUSY to INT Delay 

t 9 

0 

0 

0 

ns min 

BUSYtoCS Delay 

*10* 

0 

0 

0 

ns min 

CS to RD Setup Time 

*11 

60 

75 

90 

ns min 

RD Pulse Width. Determined by ti 3 . 

*12 

0 

0 

0 

ns min 

CS to RD Hold Time 

*13 2 

60 

75 

90 

ns max 

Data A Tirjnp after RD; ~ 20pF 


95 

120 

135 

ns max 

Data Access Time after RD; C L = lOOpF 

*14 3 

10 

10 

10 

ns min 

Bus Relinquish Time after RD 


60 

75 

85 

ns max 


*15 

65 

75 

85 

ns max 

RD to INT Delay 

1 16 

120 

140 

160 

ns max 

RD to BUSY Delay 

*17 2 

60 

75 

90 

ns max 

Data Valid Time after BUSY ; C L = 20pF 


90 

115 

135 

ns max 

Data Valid Time after BUSY ; Cl — lOOpF 


NOTES 

'Sample tested at +25°C to ensure compliance. All input control signals are specified with t R = t F = 5ns (10% to 90% of +5V) and timed from a voltage level of 1.6V. 
2 t|3 and 1 1 7 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross either 0.8V or 2.4V. 

3 tj 4 is defined as the time required for the data line to change 0.5V when loaded with the circuit of Figure 2. 

Specifications subject to change without notice. 


+ 5V 


DBN- 


3kn ; 


T 

$ 


CL 


DGND 

a. High-Z to V OH 



+ 5V 


DBN - 


3kn; 


T 

X 


DBN ■ 


lOpF 


1 DGND 

b. High-Z to V OL 


, V 

r DGND v 
a. V OH to High-Z 


10pF 

V DGND 


Figure 1. Load Circuits for Data Access Time Test 


b. V OL to High-Z 
Figure 2. Load Circuits for Bus Relinquish Time Test 


ABSOLUTE MAXIMUM RATINGS 

V DD to AGND DA c or AGNDadc -0.3V, + 7V 

V DD to DGND -0.3V, +7V 

V DD to Vss : -0.3V, + 14V 

AGND D ac or AGNDadc to DGND . . -0.3V, V DD + 0.3V 

AGNDdac to AGNDadc ± 5V 

Logic Voltage to DGND -0.3V, V D d + 0.3V 

CLK Input Voltage to DGND - 0.3V, V D d + 0.3V 

VoUT (VoUtA, VqutB) to 

AGND‘ dac V ss -0.3V, V DD + 0.3V 

V IN to AGND adc V ss -0.3V, V DD +0.3V 

NOTE 

'Output may be shorted to any voltage in the range V S s to V DD provided that 
the power dissipation of the package is not exceeded. Typical short circuit 
current for a short to AGND or V S s is 50mA. 


Power Dissipation (Any Package) to +75°C 450m W 

Derates above 75°C by 6mW/°C 

Operating T emperature Range 

Commercial (J, K) 0 to +70°C 

Industrial (A, B) - 25°C to + 85°C 

Extended (S, T) - 55°C to + 125°C 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 Secs) + 300°C 


^Stress above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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AD7569/AD7669 


NOTE: 

The term DAC (Digital-to-Analog Converter) throughout the 
data sheet applies equally to the dual DACs in the AD7669 as 
well as to the single DAC of the AD7569 unless otherwise stated. 
It follows that the term Vout applies to both VqutA and VoutB 
of the AD7669 also. 

TERMINOLOGY 
Total Unadjusted Error 

Total unadjusted error is a comprehensive specification which 
includes internal voltage reference error, relative accuracy, gain 
and offset errors. 

Relative Accuracy (DAC) 

Relative Accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
allowing for offset and gain errors. For the bipolar output ranges 
the endpoints of the DAC transfer function are defined as those 
voltages which correspond to negative full-scale and positive 
full-scale codes. For the unipolar output ranges the endpoints 
are code 1 and code 255. Code 1 is chosen because the amplifier 
is now working in single supply and in cases where the true 
offset of the amplifier is negative it cannot be seen at code 0. If 
the relative accuracy was calculated between code 0 and code 
255 the “negative offset” would appear as a linearity error. If 
the offset is negative and less than 1LSB, it will appear at code 
1 , and hence the true linearity of the converter is seen between 
code 1 and code 255. 

Relative Accuracy (ADC) 

Relative Accuracy is the deviation of the ADC’s actual code 
transition points from a straight line drawn between the endpoints 
of the ADC transfer function. For the bipolar input ranges 
these points are the measured negative full-scale transition point 
and the measured positive full-scale transition point. For the 
unipolar ranges the straight line is drawn between the measured 
first LSB transition point and the measured full-scale transition 
point. 

Differential Nonlinearity 

Differential Nonlinearity is the difference between the measured 
change and an ideal 1LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1LSB max ensures 
monotonicity (DAC) or no missed codes (ADC). A differential 
nonlinearity of ± 3/4LSB max ensures that the minimum step 
size (DAC) or code width (ADC) is 1/4LSB and the maximum 
step size or code width is 3/4LSB. 

Digital-to-Analog Glitch Impluse 

Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog output when the digital inputs change state with the 
DAC selected. It is normally specified as the area of the glitch 
in nVsecs and is measured when the digital input code is changed 
by 1LSB at the major carry transition. 


Digital Feedthrough 

Digital Feedthrough is also a measure of the impulse injected to 
the analog output from the digital inputs but is measured when 
the DAC is not selected. It is essentially feedthrough across the 
die and package. It is also a measure of the glitch impulse trans- 
ferred to the analog output when data is read from t he in ternal 
ADC. It is specified in nVsecs and is measured with WR high 
and a digital code change from all Os to all Is. 

DAC-to-DAC Crosstalk (AD7669 Only) 

The glitch energy transferred to the output of one DAC due to 
an update at the output of the second DAC. The figure given is 
the worst case and is expressed in nV secs. It is measured with 
an update voltage of full scale. 

DAC-to-DAC Isolation (AD7669 Only) 

DAC-to-DAC Isolation is the proportion of a digitized sine wave 
from the output of one DAC which appears at the output of the 
second DAC (loaded with all Is). The figure given is the worst 
case for the second DAC output and is expressed as a ratio in 
dBs. It is measured with a digitized sine wave ^sampling = 
100kHz) of 20kHz at 2.5V pk-pk. 

Signal-to-Noise Ratio 

Signal-to-Noise Ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude of 
the fundamental. Noise is the rms sum of all the nonfundamental 
signals (excluding dc) up to half the sampling frequency. SNR 
is dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quantization 
noise. The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 8-bit converter, 
SNR = 50dB. 

Harmonic Distortion 

Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7569/AD7669, Total Harmonic 
Distortion (THD) is defined as 

2.1 

where V] is the rms amplitude of the fundamental and V 2 , V3, 
V 4 , V 5 and V 6 are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies of 

mfa±nfb, where m,n = 0, 1, 2, 3, Intermodulation terms 

are those for which m or n is not equal to zero. For example, 
the second order terms include (fa 4- fb) and (fa - fb) and the 
third order terms include (2fa + fb), (2fa-fb), (fa + 2fb) and 
(fa -2fb). 
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AD7569 PIN CONFIGURATIONS 

DIP 


>GND D ac [T 

V OUT 1 2 

V--H 

RANGE j~4~ 
RESET [7 

DB7 [7 
DB6 [T 
DB5 \T 

DB4 [7 

DB3 [7 

DB2 [77 
DGND [TT 


TOP VIEW 
(Not to Scale) 


24] V DD 
~23~| V IN 
~22~| AGND aoc 
" 21] CLK 
~20~| INT 
~T9~| BUSY 

HD 

jTJ RD 
~16~1 CS 
H] WR 
17] DBO 
~T3~] DB1 


PLCC 
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2s| CLK 

RESET [7 


24] INT 

DB7 [T 

AD7569 

23] BUSY 

NC [7 

TOP VIEW 
(Not to Scale) 

22| NC 

DB6 [7 


2l] ST 

DB5 [To 


2o] RD 

DB4 Q7 


Ta] cs 
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NC = NO CONNECT 
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AD7669 PIN CONFIGURATIONS 



DIP 



| ' 

1 

agnd 0AC |T 

• 

*28*1 Vpp 

VoutA [~2~ 


iH v ' N 

V SS [T 


~26~] AGND A oc 

VourB \T 


~25~| A/B 

AGND D ac |~5~ 


24] CLK 

Ncpr 


~23i] INT 

RANGE |~~7~ 

AD7669 

~n\ BUSY 

RESET [IT 

TOP VIEW 
(Not to Scale) 

TT] sf 
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~2o] RD 

DB6 [T7 


17] CS 
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17] WR 
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AD7669 

23] INT 
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TOP VIEW 
(Not to Scale) 
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DBS Q7 
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NC = NO CONNECT 


AD7569 ORDERING INFORMATION 1 


AD7669 ORDERING INFORMATION 1 

Relative 
Accuracy (LSB) 

Tmin-Tmax 

Temperature Range and Package Options 2 

Relative 
Accuracy (LSB) 

Tnun-T^ 

Temperature Range 
and Package Options 2 
Oto +70°C 

Oto + 70°C 

- 25°C to + 85°C 

— 55°C to + 125°C 

±1 

Plastic DIP (N-24) 

AD7569JN 

Hermetic DIP (Q-24) 

AD7569AQ 

Hermetic DIP (Q-24) 

AD7569SQ 

±1 

Plastic DIP (N-28) 

AD7669JN 

±1/2 

AD7569KN 

AD7569BQ 

AD7569TQ 


PLCC(P-28A) 2 

±1 

±1/2 

PLCC (P-28A) 3 


LCCC (E-28A) 4 

±1 

AD7669JP 

AD7569JP 

AD7569KP 


AD7569SE 

AD7569TE 

NOTE 

’PLCC: Plastic Leaded Chip Carrier. 

2 See Section 14 for package outline information. 

NOTES 

’To order MIL-STD-883, Class B processed parts, add /883B to S or T grade part number. 


2 See Section 14 for package outline information. 
3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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PIN FUNCTION DESCRIPTION 

(Applies to the AD7569 and AD7669 unless otherwise stated.) 

Pin 

Mnemonic Description 

AGND DA c Analog Ground for the DAC(s). Separate 

ground return paths are provided for the 
DAC(s) and ADC to minimize crosstalk. 

V out Output V oltage . V out is the buffered output 

(VoutA, VoutB) voltage from the AD7569 DAC. V G utA and 
VoutB are the buffered DAC output voltages 
from the AD7669. Four different output 
voltage ranges can be achieved (see Table I). 

V S s Negative Supply Voltage ( - 5V for dual supply 

or OV for single supply). This pin is also used 
with the RANGE pin to select the different 
input/output ranges and changes the data 
format from binary (V S s — OV) to 2s comple- 
ment (V S s= — 5V) (see Table I). 

RANGE Range Selection Input. This is used with the 

V S s input to select the different ranges as per 
Table I. The range selected applies to both 
the analog input voltage of the ADC and the 
output voltage from the DAC(s). 

RESET Reset Input (Active Low). This is an asyn- 

chronous system reset which clears the DAC 
register(s) to all Os and clears the INT line of 
the ADC (i.e., makes the ADC ready for new 
conversion). In unipolar operation this input 
sets the output voltage to OV; in bipolar oper- 
ation it sets the output to negative full scale. 

DB7 Data Bit 7. Most Significant Bit (MSB). 

DB6-DB2 Data Bit 6 to Data Bit 2. 

DGND Digital Ground. 

DB1 Data Bit 1. 

DBO Data Bit 0. Least Significant Bit (LSB). 

WR Write Input (Edge triggered). This is used in 

conjunction with CS to write data into the 
AD7569 DACjregister. It is used in conjunction 
with CS and A/B to write data into the selected 
DAC register of the AD7669. Data is trans- 
ferred on the rising edge of WR. 


Pin 

Mnemonic Description 

CS Chip Select Input (Active Low). The device 

is selected when this input is active. 

RD READ Input (Active Low). This input must 

be active to access data from the part. In the 
Mode 2 interface, RD going low starts con- 
version. It is used in conjunction with the CS 
input (see Digital Interface Section). 

ST Start Conversion (Edge triggered). This is 

used when precise sampling is required. The 
falling edge of ST starts conversion and drives 
BUSY low. The ST signal is not gated with 
CS. 

BUSY BUSY Status Output (Active Low). When 

this pin is active the ADC is performing a 
conversion. The input signal is held prior to 
the falling edge of BUSY (see Digital Inter- 
face Section). 

INT INTERRUPT Output (Active Low). INT 

going low indic ates that the conversion is 
complete . IN T goes high on the rising edge 
of CS or RD and is also set high by a low 
pulse on RESET (see Digital Interface 
Section). 

A/B(AD7669 DAC Select Input. This input selects which 

Only) DAC register data is written to under control of 

CS and WR. With this input low data is written 
to the DACA register; with this input high data 
is written to the DACB register. 

CLK A TTL compatible clock signal may be used 

to determine the ADC conversion time. Internal 
clock operation is achieved by connecting a 
resistor and capacitor to ground. 

AGNDadc Analog Ground for the ADC. 

Vin Analog Input. Various input ranges can be 

selected (see Table I). 

V DD Positive Supply Voltage ( + 5V). 


Range 

V SS 

Input/Output 
Voltage Range 

DB0-DB7 

Data Format 

0 

OV 

0to + 1.25V 

Binary 

1 

OV 

0 to + 2.5V 

Binary 

0 

— 5V 

± 1.25V 

2s Complement 

1 

-5V 

±2.5V 

2s Complement 


Table I. Input/Output Ranges 
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FULL-SCALE VOLTAGE 


Typical Performance Graphs 
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CIRCUIT DESCRIPTION 
D/A SECTION 

The AD7569 contains an 8-bit, voltage-mode, D/A converter 
which uses eight equally weighted current sources switched into 
an R-2R ladder network to give a direct but unbuffered 0 to 
+ 1.25V output range. The AD7669 is similar but contains two 
D/A converters. The current sources are fabricated using PNP 
transistors. These transistors allow current sources which are 
driven from positive voltage logic and give a zero-based output 
range. The output voltage from the voltage switching R-2R 
ladder network has the same positive polarity as the reference 
and therefore the D/A converter can be operated from a single 
power supply rail. 

The PNP current sources are generated using the on-chip bandgap 
reference and a control amplifier. The current sources are switched 
to either the ladder or AGNDdac hy high speed p-channel 
switches. These high-speed switches ensure a fast settling time 
for the output voltage of the DAC. The R-2R ladder network of 
the DAC consists of highly stable, thin-film resistors. A simplified 
circuit diagram for the D/A converter section is shown in Figure 
3. An identical D/A converter is used as part of the A/D converter 
which is discussed later. 


Vpo 



Figure 3. DAC Simplified Circuit Diagram 


OP AMP SECTION 

The output from the D/A converter is buffered by a high speed, 
noninverting op amp. This op amp is capable of developing 
± 2.5V across a 2kD and lOOpF load to AGNDdac- The amplifier 
can be operated from a single + 5 V supply to give two unipolar 
output ranges or from dual supplies ( ± 5V) to allow two bipolar 
output ranges. 

The feedback path of the amplifier contains a gain/offset network 
which provides four voltage ranges at the output of the op amp. 
The output voltage range is determined by the RANGE and Vss 
inputs. (See Table I in the Pin Function Description section.) 
The four output ranges possible are: 0 to + 1.25V, 0 to + 2.5V, 
± 1.25V and ±2.5V. It should be noted that whatever range is 
selected for the output amplifier also applies to the input voltage 
range of the A/D converter. 

The output amplifier settles to within 1/2LSB of its final value 
in typically less than 500ns. Operating the part from single or 
dual supplies has no effect on the positive-going settling time. 
However, the negative-going output settling time to voltages 
near 0V in single supply will be slightly longer than the settling 
time to negative full scale for dual supply operation. Additionally, 
to ensure that the output voltage can go to 0V in single supply, 


a transistor on the output acts as a passive pull-down with output 
voltages near 0V with Vss - 0V. This means that the sink capability 
of the amplifier is reduced as the output voltage nears 0V in 
single supply. In dual supply operation the full sink capability 
of 1.25mA is maintained over the entire output voltage range. 

For all other parameters the single and dual supply performances 
of the amplifier are essentially identical. The output noise from 
the amplifier with full scale on the DAC is 200fxV peak-to-peak. 
The spot noise at 1kHz is 35nV/VHz with all Os on the DAC. 

A noise spectral density versus frequency plot for the amplifier 
is shown in the typical performance graphs. 

VOLTAGE REFERENCE 

The AD7569/AD7669 contains an on-chip bandgap reference 
which provides a low noise, temperature compensated reference 
voltage for both the DAC and the ADC. The reference is trimmed 
for both absolute accuracy and temperature coefficient. The 
bandgap reference is generated with respect to V D d- It is buffered 
by a separate control amplifier for both the DAC and the ADC 
reference. This can be seen in the DAC ladder network config- 
uration in Figure 3. 

DIGITAL SECTION 

The data pins on the AD7569/AD7669 provide a connection 
between the external bus and both the DAC data inputs and 
ADC data outputs. The threshold levels of all digital inputs and 
outputs are compatible with either TTL or 5V CMOS levels. 
Internal input protection of all digital pins is achieved by on-chip 
distributed diodes. 

The data format is straight binary when the part is used in 
single supply (Vss = 0V). However, when a Vss of - 5V 1S applied, 
the data format becomes 2s complement. This data format applies 
to the digital inputs of the DAC and the digital outputs of the 
ADC. 

ADC SECTION 

The analog-to-digital converter on the AD7569/AD7669 uses the 
successive approximation technique to achieve a fast conversion 
time of 2|xs and provide an 8-bit parallel digital output. The 
reference for the ADC is provided by the on-chip bandgap 
reference. 

Conversion start is controlled by ST or by CS and RD. Once a 
conversion has been started another conversion start should not 
be attempted until the conversion in progress is completed. 
Exercisi ng the RESET input does not affect conversion; the 
RESET input resets the INT line high which is useful in interrupt- 
driven systems where a READ has n ot be en performed at the 
end of the previous conversion. The INT line does not have to 
be cleared at the end of conversion. The ADC will continue to 
convert correctly but the function of the INT line will be 
affected. 

Figure 4 shows the operating waveforms for a conversion cycle. 
The analog input voltage, V 1N , is held 50ns typical after the 
falling edge of ST or (CS & RD). The MSB decision is made 
approximately 50ns after the second falling edge of the input 
CLK following a conversion start. If tj in Figure 4 is greater 
than 50ns, then the falling edge of the input CLK will be seen 
as the first falling clock edge. If tj is less than 50ns, the first 
falling clock edge of the conversion will not occur until one 
clock cycle later. The succeeding bit decisions are made approx- 
imately 50ns after a CLK edge until conversion is complete. At 
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the end of conversion, the SAR contents are transferred to the 
output latch and the SAR is reset in readiness for a new conversion. 
A single conversion lasts for 8 input clock cycles. 



DB7(MSB) DBO(LSB) 


Figure 4. Operating Waveforms Using External Clock 

ANALOG INPUT 

The analog input of the AD7569/AD7669 feeds into an on-chip 
track-and-hold amplifier. To accommodate different full-scale 
ranges, the analog input signal is conditioned by a gain/offset 
network which conditions ail input ranges so that the internal 
ADC always works with a 0 to + 1.25V signal. As a result, the 
input current on the V IN input varies with the input range selected 
as shown in Figure 5. 

V| N 


AGND adc 

Figure 5. Equivalent V /N Circuit 

TRACK-AND-HOLD 

The track-and-hold (T/H) amplifier on the analog input of the 
AD7569/AD7669 allows the ADC to accurately convert an input 
sine wave of 2.5V peak-to-peak amplitude up to a frequency of 
200kHz, the Nyquist frequency of the ADC when operated at 
its maximum throughput rate of 400kHz. This maximum rate of 
conversion includes conversion time and time between conversions. 
Because the input bandwidth of the T/H amplifier is much 
larger than 200kHz, the input signal should be band-limited to 
avoid converting high-frequency noise components. 

The operation of this T/H amplifier is essentially transparent to 
the user. The T/H amplifier goes from its tracking mode to its 
hold mode at the start of conversion. This occurs when the 
A DC r eceives a conversion start command from either ST or CS 
& RD. At the end of conversion (BUSY going high) the T/H 
reverts back to tracking the input signal. 

EXTERNAL CLOCK 

The AD7569/AD7669 ADC can be used with its on-chip clock 
or with an externally applied clock. When using an external 
clock, the CLK input of the AD7569/AD7669 may be driven 
directly from 74HC, 4000B series buffers (such as 4049) or from 
TTL buffers. When conversion is complete, the internal clock 
is disabled. The external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30/70. 


INTERNAL CLOCK 

Clock pulses are generated by the action of an internal current 
source charging the external capacitor (Cclk) and this external 
capacitor discharging through the external resistor (Rclk)- When 
a conversion is complete, this internal clock stops operating and 
the CLK pin goes to the DGND potential. Connections for 
Rclk and Cclk are shown in the operating diagram of Figure 
21. The nominal conversion time versus temperature for the 
recommended Rclk and Cclk combination is shown in Figure 
6. The internal clock provides a convenient clock source for the 
AD7569/AD7669. Due to process variations, the actual operating 
frequency for this Rclk/Cclk combination can vary from device 
to device by up to ±25%. 



-55 -25 0 25 70 85 125 

TEMPERATURE - °C 


Figure 6. Conversion Time vs. Temperature for Internal 
Clock Operation 

DIGITAL INTERFACE 

DAC Timing and Control - AD7569 

Table II shows the truth table for DAC operation for the AD7569. 
The part contains an 8-bit DAC regis ter w hich is loaded from 
the data bus under control of CS and WR. The data contained 
in the DAC reg ister determines the analog output from the 
DAC. The WR input is an edge-triggered input and da ta is 
transferred into the D AC register on the rising edge of WR. 
Holding CS and WR low does not make the DAC register 
transparent. 


CS 

WR 

RESET 

DAC Function 

H 

H 

H 

DAC Register Unaffected 

L 

L 

H 

DAC Register Unaffected 

L 

/ 

H 

DAC Register Updated 

f 

L 

H 

DAC Register Updated 

X 

X 

L 

DAC Register Loaded with All Zeros 


L = Low State H = High State X = Don’t Care 


Table II. AD7569 DAC Truth Table 

The contents of t he DAC register are reset to all 0s by an active 
low pulse on the RESET line a nd for t he unipolar output ranges 
the output remains at 0V after RESE T return s high. For the 
bipolar output ranges a low pulse on RESET causes the output 
to go to negative full scale. In unipolar applications the RESET 
line can be used to ensure power-up to 0V on the AD7569 DAC 
output and is also useful when u sed as a zero override in system 
calibration cycles. If the RESET input is connected to the system 
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RESET line, then the DAC output resets to OV when the entire 
system is reset. Figure 7 shows the input control logic for the 
AD7569 DAC and the write cycle timing diagram is shown in 
Figure 8. 


TO OAC LADDER 



INPUT DATA 

Figure 7. AD7569 DAC Input Control Logic 
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Figure 8. AD7569/AD7669 Write Cycle Timing Diagram 

DAC Timing and Control - AD7669 

Table III shows the truth table for the dual DAC operation of 
the AD7669. The part contains two 8-bit DAC registers which 
are l oaded from the_data bus under the control of CS, A/B and 
WR. Address line A/B selects which DAC register the data is 
loaded to. The data contained in the DAC registers determines 
the analog output from the respective DACs. The WR input is 
an edge-triggered input and data is transferred into the selected 
DAC register on the rising edge of WR. Holding CS and WR 
low does not make the selected DAC register tr ansp arent. The 
A/B input should not be changed while CS and WR are low. 


cS 

WR 

A/B 

RESET 

DAC Function 
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X 

H 

DAC Registers Unaffected 
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H 

DACA Register Updated 
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L 

H 

DAC A Register Updated 
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H 

H 

DACB Register Updated 

S 

L 

H 

H 

DACB Register Updated 
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X 

X 

L 

DAC Registers Loaded with 
All Zeros 


L = Low State H = High State X = Don’t Care 


The contents of the D AC regist ers are reset to all Os by an 
active low pulse on the RESET line a nd for th e unipolar output 
ranges the outputs remain at 0V after R ESET ret urns high. For 
the bipolar output ranges a low pulse on RESET causes the 
outputs to go to negative full scale. In unipolar applications the 
RESET line can be used to ensure power-up to 0V on the AD7669 
DAC outputs and is also useful when us ed as a zero override in 
system calibration cycles. If the RESET input is connected to 
the system RESET line, then the DAC outputs reset to OV 
when the entire system is reset. Figure 9 shows the DAC input 
control logic for the AD7669, and the write cycle timing diagram 
is shown in Figure 8. 
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RESET 
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INPUT DATA 


Figure 9. AD7669 DAC Control Logic 


ADC Timing and Control 

The ADC on the AD7569/AD7669 is capable of two basic operating 
modes. In the first mode the ST line is used to start conversion 
and drive the track-and-hold into hold mode. At the end of 
conversion the track-and-hold returns to its tracking mode. The 
second mode is achieved by hard- wiring the ST line high. In 
this case, CS and RD start conversion and the microprocessor is 
driven into a WAIT state for the duration of conversion by 
BUSY. 
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Table III. AD7669 DAC Truth Table 


Figure 10. ADC Mode 1 Interface Timing 
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MODE 1 INTERFACE 

The timing diagram for the first mode is shown in Figure 10. It 
can be used in digital signal processing and other applications 
where precise sampling in time is required. In these applications 
it is important that the signal sampling occurs at exactly equal 
intervals to minimize errors due to sampling uncertainty or 
jitter. In these cases the ST line is driven by a timer or some 
precise clock source. 

The falling edge of the ST pulse starts conversion and drives 
the A D7569/A D7669 track-and-hold amplifier into its hold 
mode. BUSY stays low for the duration of conversion and returns 
high at the end of conversion and the track-and h old am plifier 
rever ts to its tracking mode on this rising edge of BUSY. The 
INT line can be used to interrupt the microprocessor. A READ 
to the AD7569/AD7669 address accesses the data and the INT 

line i s reset on the rising edge of CS or RD. Alternatively the 

INT can be used to trigger a pulse which drives the CS and RD 
and places the data into a FIFO or buffer memory. The micro- 
processor can then read a batch of data from the FIFO or buffer 
memory at some convenient time. The ST input should not be 
high when RD is brought low otherwise the part will not operate 
correctly in this mode. 

It is important, especially in systems where the conversion start 
(ST pulse) is asynchronous to the microprocessor, that a READ 
does not occur during a conversion. Trying to read data from 
the device during a conversion can cause errors to the conversion 
in progress. Also, pulsing the ST line a second time before 
conversion end should be avoided since it too can cause errors 
in the conversion result. In applications where precise sampling 
is no t c ritica l the ST pulse can be generated from a microprocessor 
WR or RD line gated with a decoded address (different to 
AD7569/AD7669 CS address). 



MODE 2 INTERFACE 

The second interface mode is intended for use with microprocessors 
which can be forced into a WAIT state for at least 2|xs. The ST 
line of the AD7569/AD7669 must be hard-wired high to achieve 
this mode. The microprocessor starts a conversion and is halted 
until the result of the conversion is read from the converter. 
Conversion is initiated by executing a memory REA D to the 
AD7569/AD7669 address, bringing CS and RD low. BUSY 
subsequently goes low (forcing the microprocessor READY or 
WAIT input low), placing the microprocessor into a WAIT 
state. The input signal is held on the fa lling edge of RD (assuming 
CS is already low or is co-incident with RD). When the conversion 
is complete (BUSY goes high), the processor completes the 
memory READ and acquires the newly converted data. While 
conversion is in progress, the ADC places old data (from the 
previous conversion) on the data bus. The timing diagram for 
this interface is shown in Figure 12. 



Figure 12. ADC Mode 2 Interface Timing 

The major advantage of this interface is that it allows the micro- 
processor to start conversion, WAIT and then READ data with 
a single READ instruction. The user does not have to worry 
about servicing interrupts or ensuring that software delays are 
long enough to avoid reading during conversion. The fast con- 
version time of the ADC ensures that for many microprocessors, 
the processor is not placed in a WAIT state for an excessive 
amount of time. 


Figure 1 1. Multichannel Inputs 

This interface mode is also useful in applications where a number 
of input channels are required to be converted by the ADC. 
Figure 11 shows the circuit configuration for such an application. 
The signal which drives the ST input of the AD7569/AD7669 is 
also used to drive the ENABLE input of the multiplexer. The 
multiplexer is enabled on the rising edge of the ST pulse while 
the input signal is held on the falling edge. Therefore, the signal 
must have settled to within 8 bits over the duration of this ST 
pulse. The settling time, including t 0 N (ENABLE) of the multi- 
plexer plus the T/H acquisition time (typically 200ns), thus 
determines the width of the ST pulse. This is suited to applications 
where a number of input channels need to be successively sampled 
or scanned. 


DIGITAL SIGNAL PROCESSING APPLICATIONS 

In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dynamic 
characteristics (SNR, Harmonic Distortion, Intermodulation 
Distortion) of both the ADC and DAC are critical. The 
AD7569/AD7669 is specified dynamically as well as with standard 
dc specifications. Because the track/hold amplifier has a wide 
bandwidth, an anti-aliasing filter should be placed on the Vi N 
input to avoid aliasing of high-frequency noise back into the 
band of interest. 

The dynamic performance of the ADC is evaluated by applying 
a sine- wave signal of very low distortion to the Vi N input which 
is sampled at a 409.6kHz sampling rate. A Fast Fourier Transform 
(FFT) plot or Histogram plot is then generated from which 
SNR, harmonic distortion and dynamic differential nonlinearity 
data can be obtained. For the DAC, the codes for an ideal sine 
wave are stored in PROM and loaded down to the DAC. The 
output spectrum is analyzed, using a spectrum analyzer to evaluate 
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SNR and harmonic distortion performance. Similarly, for inter- 
modulation distortion, an input (either to V IN or DAC code) 
consisting of pure sine waves at two frequencies is applied to 
the AD7569/AD7669. 



FREQUENCY - kHz 

Figure 13. ADC FFT Plot 

Figure 13 shows a 2048 point FFT plot of the ADC with an 
input signal of 130kHz. The SNR is 48.4dB. It can be seen that 
most of the harmonics are buried in the noise floor. It should be 
noted that the harmonics are taken into account when calculating 
the SNR. The relationship between SNR and resolution(N) is 
expressed by the following equation: 

SNR = (6.02N + 1.76)dB 

This is for an ideal part with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By working 
backwards from the above equation, it is possible to get a measure 
of ADC performance expressed in effective number of bits (N). 
This effective number of bits is plotted versus frequency in 
Figure 14. The effective number of bits typically falls between 
7.7 and 7.8 corresponding to SNR figures of 48.1 and 48.7dB. 

Figure 15 shows a spectrum analyzer plot of the output spectrum 
from the DAC with an ideal sine-wave table loaded to the data 
inputs of the DAC. In this case, the SNR is 46dB. 



INPUT FREQUENCY - kHz 

Figure 14. Effective Number of Bits vs. Frequency 



RBW 30Hz VBW 3Hz ST 28.9MIN 

Figure 15. DAC Output Spectrum 

HISTOGRAM PLOT 

When a sine wave of specified frequency is applied to the V IN 
input of the AD7569/AD7669 and several thousand samples are 
taken, it is possible to plot a histogram showing the frequency 
of occurrence of each of the 256 ADC codes. If a particular step 
is wider than the ideal 1LSB width, then the code associated 
with that step will accumulate more counts than for the code for 
an ideal step. Likewise, a step narrower than ideal width will 
have fewer counts. Missing codes are easily seen because a missing 
code means zero counts for a particular code. The absence of 
large spikes in the plot indicates small differential nonlinearity. 

Figure 16 shows a histogram plot for the ADC indicating very 
small differential nonlinearity and no missing codes for an input 
frequency of 204kHz. For a sine- wave input, a perfect ADC 
would produce a cusp probability density function described by 
the equation 


P(V) = 


1 

7T (A 2 - V 2 )* 


where A is the peak amplitude of the sine wave and p(V) the 
probability of occurrence at a voltage V. 


The histogram plot of Figure 16 corresponds very well with this 
cusp shape. 


Further typical plots of the performance of the AD7569/AD7669 
are shown in the Typical Performance Graphs section of the 
data sheet. 



CODE 


Figure 16. ADC Histogram Plot 
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INTERFACING THE AD7569/AD7669 
AD7569/AD7669 - Z80 INTERFACE 

Figure 17 shows a typical interface to the Z80 microprocessor. 
The ADC is configured for operation in the Mode 1 interface 
mode. A precise timer or clock source starts conversion in appli- 
cations requiri ng eq uidistant sampling intervals. The scheme 
used, whereby INT of the AD7569/AD7669 generates an interrupt 
on the Z80, is limited in that it does not allow the ADC to be 
sampled at the maximum rate. This is because the time between 
samples has to be long enough to allow the Z80 to service its 
interrupt and read data from the ADC. To overcome this, some 
buffer memory or FIFO could be placed between the AD7569/ 
AD7669 and the Z80. Writing data to the relevant AD7569/ 
AD7669 DAC simply consists of a <LD (nn), A> instruction 
where nn is the decoded addr ess for that DAC. Reading data 
from the ADC, after an INT has been received, consists of a 
<LDA, (nn)> instruction. 


ADDRESS BUS ^ A0 ^ 


OR L 

CLOCK 

ADDRESS SOURCE 

0 DECODE 

s A/B 3 

CS 

WR AD7569/ 1 

RD AD7669 

INT 

DB7 

DB0 



N 

_ n 

DATA BUS 


'ADDITIONAL CIRCUITRY OMITTED FOR CLARITY 
2 FOR PRECISE SAMPLING APPLICATIONS 
’AD76690NLY 


Figure 17. AD7569/AD7669 to Z80 Interface 

AD7569/AD7669 - 68008 INTERFACE 

A typical interface to the 68008 is shown in Figure 18. In this 
case the ADC is configured in the Mode 2 interface mode. This 
means that the one read instruction starts conversion and reads 
the data. The read cycle is stretched out over the entire conversion 
period by taking the INT line back into the DTACK input of 
the 68 008. The additional gates are required so that the 68008 
gets a DTACK when the processor is writing data to the AD7569/ 
AD7669. In this case there are no wait states introduced into 
the write cycle. Writing data to the relevant AD7569/AD7669 
DAC consists of a <MOVE.B Dn, addr> where Dn is the data 
register which contains the data to be loaded to that DAC and 
addr is the decoded address for the DAC. Data is read from the 
ADC using a <MOVE.B addr,Dn> with the conversion result 
placed in register Dn. 



’ADDITIONAL CIRCUITRY OMITTED FOR CLARITY 
’AD76690NLY 


Figure 18. AD7569/AD7669 to 68008 Interface 


AD7569/AD7669 - ADSP-2100 INTERFACE 

Figure 19 shows a typical interface to the DSP processor, the 
ADSP-2100. The ADC is in the Mode 2 interface mode which 
means that the ADSP-2100 is halted during conversion. This is 
achieved using the decoded address output. This is gated with 
DMWR to ensure that it halts the processor for READ instructions 
only. INT going low at the end of conversion releases the processor 
and allows it to finish off the READ instruction. 
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Figure 19. AD7569/AD7669 to ADSP-2100 Interface 

Because the instruction cycle of the ADSP-2100 is so fast (125ns 
cycle) the DMWR pulse has to be stretched also for write cycles. 
This is achieved using the 74121 which generates a pulse which 
is fed back to DMACK. The duration of this pulse determines 
how long the ADSP-2100 write cycle is stretched. The buffers 
which drive the DMACK line must have open-collector outputs. 
Writing data to the relevant AD7569/AD7669 DAC is achieved 
using a single instruction, <DM (addr) = MRO > where addr is 
the decoded address of that DAC and MRO contains the data to 
be loaded to the DAC register. Data is read from the ADC 
using a single instruction also, <MRO = DM (addr) > where the 
conversion result is placed in the MRO data register. 

AD7 569/AD7669 - IBM PC* INTERFACE 

The AD7569/AD7669 is ideal for implementing an analog input/ 
output port for the IBM PC. Figure 20 shows an interface which 
realizes this function. The ADC is configured in the Mode 1 
interface mode and conversions are initiated using a precise 
clock source for equidistant sampling intervals. At the end of 



3 AD7669 ONLY 

Figure 20. AD7569/AD7669 to IBM PC Interface 


*IBM PC is a trademark of International Business Machines Corp. 
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conv ersion the INT line goes low, and th e 74 121 generates a 
RD pulse for the AD7569/AD7669. This RD pulse accesses 
data from the ADC and places the conversion result into a register 
on the 74646. The rising edge of this pulse generates an interrupt 
request to the processor. The conversion result is read from the 
74646 register by performing an I/O read to the decoded address 
of the 74646. Writing data to the relevant AD7569/AD7669 
DAC involves an I/O write to the 74646 which transfers the data 
to the data inputs of the AD7569/AD7669. Data is latched into 
the selected DAC register on the rising edge of 10 W. 

APPLYING THE AD7569/AD7669 DAC 

An internal gain/offset network on the AD7569/AD7669 allows 
several output voltage ranges. The part can produce unipolar 
output ranges of 0 to + 1.25V or 0 to + 2.5V and bipolar output 
ranges of -1.25V to + 1.25V or -2.5V to + 2.5V. Connections 
for these various output ranges are outlined below. 

UNIPOLAR (0 to + 1.25V) CONFIGURATION 

The first of the configurations provides an output voltage range 
of 0 to + 1.25V. This is achieved by tying the V S s and RANGE 
inputs to AGND DA c( = 0V). Figure 21 shows the configuration 
of the AD7569 to achieve this output range. A similar configuration 
of the AD7669 gives the same output range. The table for output 
voltage versus the digital code in the DAC register is shown in 
Table IV. 



UNIPOLAR (0 to + 2.5V) CONFIGURATION 

The 0 to +2.5V output voltage range is achieved by tying V S s 
to AGND dac ( = 0V) and the RANGE input to V DD . The table 
for output voltage versus digital code is as in Table IV, with 
2.Vref replacing Vref- Note that for this range 

1LSB = 2.V ref ( 2- 8 ) = V REF y^g 

BIPOLAR ( — 1.25V to +1.25V) CONFIGURATION 

The first of the bipolar configurations is achieved by tying the 
RANGE input to AGND dac ( = 0V) and V ss to -5V. The V ss 
voltage level at which the AD7569/AD7669 changes to bipolar 
operation is approximately - IV. When the part is configured 
for bipolar outputs the input coding becomes 2s complement. 
The table for output voltage versus the digital code in the DAC 
register is shown in Table V. Note that, as with the unipolar 
configuration, a digital input code of all Os produces an output 
of OV. It should be noted, however, that a low pulse on the 
RESET line for the bipolar ranges sets the ouput voltage to 
negative full scale. 


DAC Register Contents 
MSB LSB 

Analog Output, Vqut 

0111 

mi 

+ v REF ( 

T27\ 

,128/ 

0000 

0001 

+ v REF ( 

J28 / 

0000 

0000 

OV 


mi 

nil 

“ v REF ( 

(128/ 

1000 

0001 

~ v REF ( 

T27\ 
k 128/ 

1000 

0000 

V REF | 

'm\ _ _ v 
(128/ “ Vref 


NOTE: 1LSB = (V REF )(2- 7 ) - V REF (l/128) 



Figure 21. AD7569 Unipolar (0 to + 1.25V) Operation 


DAC Register Contents 
MSB LSB 

Analog Output, Vqut 

nil 

nil 

+ Vref( 

' 255 \ 

( 256 j 

1000 

0001 

+ v REF ( 

129 \ 

, 256 / 

1000 

0000 

+ v REF ( 

!!) = +v - /2 

0111 

ini 

+ v REF | 

f 127 \ 

1256 / 

0000 

0001 

+V REF | 

LU 

' 256 / 

0000 

0000 

OV 



Table V. Bipolar (- 1.25V to + 1.25V) Code Table 


BIPOLAR ( — 2.5V to +2.5V) CONFIGURATION 

The -2.5V to +2.5V bipolar output range is achieved by tying 
the RANGE input to Vdd and the Vss input to — 5V. Once 
again, the input coding is 2s complement. The table for output 
voltage versus digital code is as in Table V with 2. Vref replacing 
Vref- Note that for this range 

ILSB = 4.V ref (2- 8 ) = V REF ~ 


NOTE: ILSB = (V REF )(2- 8 ) = V REF (l/256); V REF = + 1.25V Nominal 
Table IV. Unipolar (0 to + 1.25V) Code Table 
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APPLYING THE AD7569/AD7669 ADC 

The analog input on the AD7569/AD7669 accepts the same four 
input ranges as the output ranges on the DAC. Whatever output 
range is selected for the DAC also applies to the input range of 
the ADC. 

Although separate AGNDs exist for both the DAC and ADC to 
minimize crosstalk, writing data to the DAC while the ADC is 
performing a conversion may result in an incorrect conversion 
from the ADC due to an interaction of currents between the 
DAC and ADC. Therefore, to ensure correct operation of the 
ADC, the DAC register should not be updated while the ADC 
is converting. 

UNIPOLAR OPERATION 

The circuit of Figure 21 shows the AD7569 configured for both 
an input and output range of 0 to + 1.25V (the AD7669 config- 
uration is similar). The nominal transfer characteristic for this 
range is shown in Figure 22. The output code is Natural Binary 
with 1LSB = (1.25/256)V = 4.88mV. 


OUTPUT 

CODE 



Figure 23. Nominal Transfer Characteristic for Bipolar 
(- 1.25V to + 1.25V) Operation 


As before, to achieve the unipolar 0 to +2.5V input range V S s 
is connected to OV and the RANGE input is tied to a logic 
high. The nominal transfer characteristic is as in Figure 22 but 
in this case ILSB = (2.5/256 )V = 9.76mV. 


OUTPUT 

CODE 


11111101 



V IN , INPUT VOLTAGE (IN TERMS OF LSBs) 


AuC O^FSlil AND FULL-SCALE ERROR 
ADJUSTMENT 

In most Digital Signal Processing (DSP) applications, offset and 
full-scale error have little or no effect on system performance. A 
typical example is a digital filter, where an ac analog signal is 
quantized by the ADC, digitally processed and recreated using 
the DAC. In these type of applications the offset error can be 
eliminated by ac coupling the recreated signal. Full-scale error 
effect is linear and does not cause problems as long as the input 
signal is within the full dynamic range of the ADC. An important 
parameter in DSP applications is Differential Nonlinearity and 
this is not affected by either offset or full-scale error. 

In applications where absolute accuracy is important then ADC 
offset and full-scale error can be adjusted to zero. Figure 24 
shows the additional components required for offset and full-scale 
error adjustment. Offset error must be adjusted before full-scale 
error. Zero offset is achieved by adjusting the offset of the op 
amp driving V IN (i.e., A1 in Figure 23). In unipolar applications, 
for zero offset error, apply 1/2LSB at the analog input and 
adjust the op amp offset voltage until the ADC output code 
flickers between 0000 0000 and 0000 0001. For zero full-scale 
error apply an analog input of FS - 3/2LSBs and adjust R1 
until the ADC output code flickers between 1111 1110 and 


Figure 22. Nominal Transfer Characteristic for Unipolar 
(0 to + 1.25V) Operation 

BIPOLAR OPERATION 

The analog input of the AD7569/AD7669 ADC is configured 
for bipolar inputs when V S s = - 5V. The output code provided 
by the part is 2s complement. Figure 23 shows the transfer 
function for bipolar (- 1.25V to + 1.25V) operation. The LSB 
size for this range is (2.5/256)V = 9.76mV. 

The transfer function for the -2.5V to + 2.5V range is identical 
to that of Figure 23 but now FS = 5V and the LSB size is 
(5/256)V = 19.5mV. 


mi mi. 

In bipolar applications, to adjust for bipolar zero offset apply 
— 1/2LSB at the analog input and adjust the op amp offset 
voltage until the output code flickers between 1111 1111 and 
0000 0000. For zero full-scale error apply +FS/2 - 3/2LSB at 
the analog input and adjust R1 until the ADC output code 
flickers between 01111110 and 0111 1111. 



NOTES 

’ADDITIONAL PINS OMITTED FOR CLARITY 

2 FOR UNIPOLAR RANGES THIS CAN BE O/C WITH R IN = 27011 


Figure 24. ADC Error Adjust Circuit 
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•ADDITIONAL CIRCUITRY OMMITTED FOR CLARITY 


Figure 25. Peak-Reading A/D Converter 


PEAK DETECTION - AD7569 

The circuit of Figure 25 shows a peak-reading A/D converter 
which is useful in such applications as monitoring flow rates, 
temperature, pressure, etc. The circuit ensures that a peak will 
not be missed while at the same time does not require the 
microprocessor to frequently monitor the data. The peak value 
is stored in the A/D converter and can be read at any time. 

The gain on the AD524 is adjusted to yield a 0 to + 2.5V output. 
When the input signal exceeds the current stored value, the 
output of the TL311 goes low, triggering the Q output of the 
74121. This low-going pulse starts a conversion on the AD7569 
ADC and at the end of conversion latches the result into the 
DAC. This pulse must be at least 120ns greater than the conversion 
time of the ADC. The Q output is used to drive the strobe 
input of the TL311, resetting the TL311 output high in readiness 
for another conversion. 

The additional gates on the RD and WR inputs are to allow the 
data to be read by the microprocessor while at the same time 
ensuring that the DAC is not updated when the microprocessor 
reads t he data. It may be necessary to monitor the AD7569 
BUSY line to ensure that a processor READ is not attempted 
while the AD7569 is in the middle of a conversion. The READ 
pulse width from the processor must be less than lps to ensure 
correct data is read from the ADC. A low-going pulse on the 
RESET line resets the DAC o utput to 0V and starts a new 
“peak-detection” period. This RESET pulse must also be less 
than 1|jls. 

DISK DRIVE APPLICATION - AD7669 
Closed-Loop Microstepping 

Microstepping is a popular technique in low density disk drives 
(both floppy and hard disk) which allows higher positional 
resolution of the disk drive head over that obtainable from a 
full-step driven stepper motor. Typically, a two-phase stepper 
motor has its phase currents driven with a sine-cosine relationship. 
These cosinusoidal signals are generated by two DACs driven 
with the appropriate data. The resolution of the DACs determines 
the number of microsteps into which each full step can be divided. 
For example, with a 1.8° full-step motor and a 4-bit DAC, a 
microstep size of 0.11° (1.8°/(2 n ) is obtainable. 

The microstepping technique improves the positioning resolution 
possible in any control application. However, the positional 
accuracy can be significantly worse than that offered by the 
original full-step accuracy specification due to load torque effects. 


To ensure that the increased resolution is useable, it is therefore 
necessary to use a closed-loop system where the position of the 
disk drive head (or motor) is monitored. The closed-loop system 
allows an error between the desired position and the actual 
position to be monitored and corrected. The correction is achieved 
by adjusting the ratio of the phase currents in the motor windings 
until the required head position is reached. 

The AD7669 is ideally suited for the closed-loop microstepping 
technique with its on-chip dual DACs for positioning the disk 
drive head and on-board ADC for monitoring the position of 
the head. A generalized circuit for a closed-loop microstepping 
system is shown in Figure 26. The DAC waveforms are shown 
in Figure 27 along with the direction information for clockwise 
rotation supplied by the controller. 



Figure 26. Typical Closed-Loop Microstepping Circuit with 
the AD7669 


The AD7669 is used in the unipolar 0 to +2.5V configuration. 
This allows the circuit of Figure 26 to be completely unipolar 
( + 5V, + 12 V supplies); no negative power supplies are required. 
The power output stage is a dual H-Bridge device such as the 
UDN-2998W from Sprague Electric. The phase currents in 
both windings are detected by means of the small value sense 
resistors, R S A and RsB, in series with the windings. The voltage 
developed across these resistors is amplified and compared with 
the respective DAC output voltage. The comparators in turn 
chop the phase winding current. The ADC completes the feedback 
path by converting information from a suitable transducer for 
analysis by the controller. 


ANALOG-TO-DIGITAL CONVERTERS 3-249 









DIRECTION 

"COSINE" 


Figure 27. Typical DAC Output Voltages for Microstepping 
and Direction Signals for Clockwise Rotation with the 
UDN-2998W 


On initial start-up the output voltage, V 0) will be invalid until 
the length of the delay is reached (i.e., until the counter is 
reset). From here on the delayed data is read from the 6116 and 
loaded to the DAC before the newly converted data is written 
into the same memory location. The input clock to the system 
can be a square wave of maximum input frequency 200kHz 
(assuming 2jjls conversion time for the ADC). The mark/space 
ratio of the input clock can be varied to maximize the sampling 
frequency if required. The clock low time has to be equal to the 
conversion time and access time of the ADC plus the setup time 
required for the 6116. The clock high time has only to be equal 
to the setup time for the DAC plus the delay time through the 
counter and the access time of the 6116. 

The amount of memory used, as well as the sampling frequency, 
determines the maximum possible delay. Using the HCT4040 
and the 6116 with an input clock frequency of 200kHz, the 
maximum delay is 5ms on a maximum input frequency of 100kHz. 
Using 64K memory, with an 8kHz input clock frequency the 
maximum delay is 8 seconds on a maximum input frequency of 
4kHz. 


ANALOG DELAY LINE - AD7569 

In many applications, especially in audio systems, it is necessary 
to provide a delay on the input signal. The circuit of Figure 28 
shows how a simple analog delay line can be implemented based 
on the AD7569. The input signal is sampled using the AD7569 
ADC and converted data is loaded into the 6116 (2K x 8 static 
ram). The inverted input clock drives a counter which selects 
the address for the 6116. The delay is selected by choosing one 
of the output lines of the HCT4040 counter to reset the counter. 
This can be done using a simple switch in a manual system or 
by a multiplexer in a programmable delay application. Data is 
written to the DAC using the inverted input clock signal. 



TRANSIENT RECORDER - AD7569 

The scheme just outlined can also form the basis for a transient 
recorder. In this case transients on the input signal are converted 
and stored in memory. The transient can then be recalled from 
memory at a later time and the transient waveform can be recreated 
using the AD7569 DAC. 

INFINITE SAMPLE-AND-HOLD - AD7569 

The AD7569 is ideal for implementing a single-chip infinite 
sample-and-hold function. Basically, the ADC samples and 
converts the input signal into an 8-bit digital word. The 8 bits 
of data are then loaded to the DAC and the sampled value is 
restored to analog form. The sampled value is held until the 
DAC register is updated. The full-scale matching between the 
ADC and the DAC on the AD7569 ensures a typical error of 
less than 1% between the analog input voltage and the “held” 
output voltage. Figure 29 shows the connections required on the 
AD7569 to achieve this infinite sample-and-hold function. 


ANALOG 

INPUT 


SAMPLE 

INPUT 


1_T 



"HELD" 

ANALOG 

OUTPUT 


♦ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 29. Infinite Sample-and-Hold 


Figure 28. Analog Delay Line 
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AD7569/AD7669 


TARE FUNCTION FOR WEIGH SCALE - AD7569 

The infinite sample-and-hold just outlined can also form the 
basis of a circuit to provide a tare function for a weigh scale 
system. Figure 30 shows a circuit for a weigh scale system. It 
incorporates a tare function using a simple circuit based on the 
AD7569. 

The AD587 along with the 2N6285 provides a buffered + 10V 
reference to supply the low impedance load cell transducer. The 
load cell output is amplified by the AD624 precision instrumen- 
tation amplifier with gain adjustment provided by Rl. The 
output of the AD624 is applied to the noninverting input of a 
unity gain differential summing amplifier which uses the AD707, 
a high precision op amp with low drift. The AD707 feeds a 


3 1/2 digit panel meter module which converts the signal for 
digital readout. The input signal to the panel meter is also applied 
to the analog input of the AD7569 for the tare function. When 
the tare switch (SI) is closed, a tare cycle commences and Vi N is 
sampled and held infinitely at Vout until the next tare cycle. 
Vout drives the inverting input of the differential amplifier and 
forces its output to zero. Thus, the tare function is used to give 
a readout of zero for any undesired weight, such as a box, when 
only the item placed in it is to be weighed. The tare function 
can also be used in calibrating the system, to cancel out offset 
errors due to the load cell, AD624 and differential amplifier. 


The AD7569 offers many advantages in the system outlined, 
such as: simple, low cost circuit - no need for microprocessor, 
software, etc. - and low power consumption. 




Figure 30. Weigh Scale System with Tare Function 
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ANALOG 

DEVICES 


LC 2 M0S 

Complete, High Speed 12-Bit ADC 


AD7572 


FEATURES 

12-Bit Resolution and Accuracy 
Fast Conversion Time 
AD7572XX05: 5p,s 
AD7572XX12: 12.5»*s 
Complete with On-Chip Reference 
Fast Bus Access Time: 90ns 
Low Power: 135mW 
Small, 0.3", 24-Pin Package 
and 28-Terminal Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7572 is a complete, 12-bit ADC that offers high speed 
performance combined with low, CMOS power levels. The 
AD7572 uses an accurate, high speed DAC and comparator in a 
successive-approximation loop to achieve a fast conversion time. 
An on-chip, buried Zener diode provides a stable reference 
voltage to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor clock. The only other external components re- 
quired for basic operation of the AD7572 are decoupling capacitors 
for the supply voltages and reference output. 

The AD7572 has a high speed digital interface with three-state 
data outputs and can oper ate under the control of standard 
microprocessor Read (RD) and decoded address (CS) signals. 
Interface timing is sufficiently fast to allow the AD7572 to operate 
with most popular microprocessors, with three-state enable 
times of only 90ns and bus relinquish times of 75ns. 

The AD7572 is fabricated in Analog Devices Linear Compatible 
CMOS process (LC 2 MOS), an advanced, all ion-implanted 
process that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 

The AD7572 is available in both 0.3" wide , 24-pin DIPs and in 
a 28-terminal plastic leaded chip carrier (PLCC) and leadless 
ceramic chip carrier (LCCC). 


AD7572 FUNCTIONAL BLOCK DIAGRAM 


AGND V REF AIN 



PRODUCT HIGHLIGHTS 

1. Fast, 5|xs and 12.5/xs conversion times make the AD7572 
ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any wideband data 
acquisition system. 

2. On-chip buried-Zener reference has temperature coefficient 
as low as 25ppm/°C, giving low full-scale drift over the operating 
temperature range. 

3. Stable DAC and comparator give excellent linearity and low 
zero error over the full temperature range. 

4. Fast, easy-to-use digital interface has three-state bus access 
times of 90ns and bus relinquish times of 75ns, allowing the 
AD7572 to interface to most popular microprocessors. 

5. LC 2 MOS circuitry gives low power drain (135mW) from 
+ 5, — 15 volt supplies. 

6. 24-pin 0.3" package offers space saving over parts in 28-pin 
0.6" DIP. 
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QPmnrATinitrc ^ = 5V ±5%? Vss = ~ i5v ±5% ’ v 2,5MHz ,or ad7572xx os, mz f ° r AD7572XX12. 

OrCiUiriUHl luno All Specifications T mjn to T,^ unless otherwise noted. Specifications apply to Slow Memory Mode.) 



J,A,S 

K,B,T 


C,U 



Parameter 

Versions 1 

Versions 

L Version 

Versions 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

12 

12 

12 

12 

Bits 


Integral Nonlinearity @ + 25°C 

±1 

± 1 

±1/2 

±1/2 

LSBmax 


Tmin tO T max 

± 1 

± 1 

±1/2 

±3/4 

LSB max 


Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSBmax 


Minimum Resolution for which no 







Missing Codes are Guaranteed 

12 

12 

12 

12 

Bits 


Offset Error @ +25°C 

±4 

±3 

±3 

±3 

LSBmax 

Typical Change over Temp Is ± 1 LSB 

T toT 

±6 

±5 

±4 

±4 

LSBmax 

Full Scale (FS) Error 2 @ + 25°C 

±15 

±10 

±10 

±10 

LSBmax 

V D d=5V;V ss =-15V;FS = 5V 

Full Scale TC 3 ’ 4 

45 

25 

25 

25 

ppm/°C max 

Ideal Last Code Transition = 

FS -3/2LSBs 

ANALOG INPUT 







Input Voltage Range 

Oto +5 

Oto +5 

Oto +5 

Oto +5 

Volts 

For Bipolar Operation See 

Input Current 

3.5 

3.5 

3.5 

3.5 

mA max 

Figures 10 & 12 

INTERNAL REFERENCE VOLTAGE 







Vref Output @ +25°C 

— 5.2/ — 5.3 

-5.2/- 5.3 

-5.2/-5.3 

— 5.2/ — 5.3 

V min/V max 

-5.25V ±1% 

Vref Output TC 

40 

20 

20 

20 

ppm/°C typ 


Output Current Sink Capability 

550 

550 

550 

550 

|xA max 

External Load Should Not Change 
During Conversion 

POWER SUPPLY REJECTION 







Vdd Only 

±1/2 

±1/2 

±1/2 


LSB typ 

FS Change, V ss = -15V 

V dd = + 4.75V to + 5.25V 

V S s Only 

±1/2 

±1/2 

±1/2 


LSB typ 

FS Change, V dd =5V 

V ss = -14.25V to -15.75V 

LOGIC INPUTS 







CS, RD, HBEN, CLK IN 







V INL , Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

+ 0.8 

V max 

V dd =5V±5% 

Vinh» Input High Voltage 

+ 2.4 

+ 2.4 

+ 2.4 

+ 2.4 

Vmin 


Cin> 5 Input Capacitance 

10 

10 

10 

10 

pF max 


CS, RD, HBEN 







Ii N , Input Current 

CLK IN 

±10 

±10 

±10 

±10 

(xAmax 

Vim = Oto V D d 

Iin, Input Current 

±20 

±20 

±20 

±20 

(xA max 

Vim = Oto V D d 

LOGIC OUTPUTS 







D1 1 -DO/8, BUSY, CLK OUT 







V 0 i., Output Low Voltage 

+ 0.4 

+ 0.4 

+ 0.4 

+ 0.4 

V max 

Isink = 1.6mA 

Voh> Output High Voltage 

D11-D0/8 

+ 4.0 

+ 4.0 

+ 4.0 

+ 4.0 

V min 

Isource = 200(aA 

Floating State Leakage Current 

±10 

±10 

±10 

±10 

|aA max 


Floating State Output Capacitance 5 

15 

15 

15 

15 

pFmax 


CONVERSION TIME 







AD7572XX05 







Synchronous Clock 

5 

5 

5 

5 

ixsmax 

fcLK = 2.5MHz. See Under 

Asynchronous Clock 

AD7572XX12 

4.8/5. 2 

4. 8/5. 2 

4.8/5. 2 

4. 8/5. 2 

fxs min/max 

Control Inputs Synchronization 

Synchronous Clock 

12.5 

12.5 

12.5 

12.5 

ixsmax 

fcLK ~ 1MHz 

Asynchronous Clock 

12/13 

12/13 

12/13 

12/13 

ixs min / (as max 


POWER REQUIREMENTS 







Vdd 

+ 5 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for Specified Performance 

Vss 

-15 

-15 

-15 

-15 

VNOM 

± 5% for Specified Performance 

Idd 6 

7 

7 

7 

7 

mA max 

CS = RD = V dd > AIN = 5V 

Iss 6 

12 

12 

12 

12 

mA max 

CS = RD = V D d> AIN = 5V 

Power Dissipation 

135 

135 

135 

135 

mW typ 



215 

215 

215 

215 

mW max 



NOTES 

‘Temperature range as follows: J, K, L Versions; 0 to + 70°C. 

A, B, C Versions; - 25°C to + 85°C. 

S, T, U Versions; - 55°C to + 125°C. 
includes internal voltage reference error. 

J Full-ScaleTC = AFS/AT, where AFS is Full-Scale change from T A = + 25°C to T min or T m „ . 
‘Includes internal voltage reference drift. 

1 Sample tested to ensure compliance. 

‘Power supply current is measured when AD7572 is inactive, i.e.,CS = RD = BUSY = HIGH. 
Specifications subject to change without notice. 
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AD7572 


TIMING CHARACTERISTICS' «„ - ».«* -.so 


Parameter 

Limit at + 25°C 
(All Grades) 

Limit at T^, T max 
(J,K,L,A, B,C Grades) 

Limit at T^, T,^ 
(S,T,U Grades) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to RD Setup Time 

t 2 

190 

230 

270 

ns max 

RD to BUSY Propagation Delay 

t 3 2 

90 

110 

120 

ns max 

Data Access Time after RD, Cl = 20pF 


125 

150 

170 

ns max 

Data Access Time after RD, Cl = lOOpF 

U 

t 3 

ts 

t 3 

ns min 

RD Pulse Width 

ts 
„ 2 

0 

0 

0 

ns min 

CS to RD Hold Time 

W 

70 

90 

100 

ns max 

Data Setup Time after BUSY 

t7 3 

20 

20 

20 

ns min 

Bus Relinquish T ime HCfl 


75 

85 

90 

ns max 


*8 

0 

0 

0 

ns min 

HBEN to RD Setup Time 

t9 

0 

0 

0 

ns min 

HBEN to RD Hold Time 

Go 

200 

200 

200 

ns min 

Delay Between Successive 






Read Operations 


NOTES 

'Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are specified with 
tr = tf = 5ns (10% to 90% of + 5 V) and timed from a voltage level of 1 . 6 V. 

2 t 3 and 4 are measured with the load circuits of Figure 1 and defined as the time required for an 
output to cross 0 . 8 V or 2 . 4 V . 

3 t 7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 


5V 



a. High-Z to V OH (t 3 ) b. High-Z to V OL (t 3 ) 

and Vql to V OH (t 6 ) and V OH to V OL (t 6 ) 

Figure 1. Load Circuits for Access Time 


5V 



ABSOLUTE MAXIMUM RATINGS* 

(Ta = + 25°C unless otherwise noted) 

V DD to DGND —0.3V to + 7V 

V ss to DGND + 0.3V to - 17V 

AGND to DGND -0.3V, V DD + 0.3V 

AIN to AGND - 15V to + 15V 

Digital Input Voltage to DGND 

(CLK IN, HBEN, RD, CS) -0.3V, V DD + 0.3V 

Digital Output Voltage to DGND 
(D11-D0/8, CLK OUT, BUSY) ... -0.3V, V DD + 0.3V 

Operating Temperature Range 

Commercial (J, K, L Versions) 0 to + 70°C 

Industrial (A, B, C Versions) -25°C to + 85°C 

Extended (S, T, U Versions) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) +300°C 

Power Dissipation (Any Package) to + 75°C .... 1 ,000mW 

Derates above + 75°Cby 10mW/°C 


a. Vqh to High-Z b. V OL to High-Z 

Figure 2. Load Circuits for Output Float Delay 


*Stress above those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ANALOG-TO-DIGITAL CONVERTERS 3-255 




ORDERING INFORMATION 1 


CONVERSION TIME = 5jjls 




Temperature Range and Package Options 2 

Full-Scale 

TC 

Accuracy 

Grade 

Oto +70°C 

— 25°C to + 85°C 

— 55°Cto + 125°C 

45ppm/°C 

25ppm/°C 

25ppm/°C 

± 1LSB 
± 1LSB 
± 1/2LSB 

Plastic DIP (D-24A) 

AD7572JN05 

AD7572KN05 

AD7572LN05 

Hermetic 3 DIP (Q-24) 

AD7572AQ05 

AD7572BQ05 

AD7572CQ05 

Hermetic 3 DIP (Q-24) 

AD7572SQ05 

AD7572TQ05 

AD7572UQ05 

45ppm/°C 

25ppm/°C 

25ppm/°C 

± 1LSB 
± 1LSB 
± 1/2LSB 

PLCC 4 (P-28A) 
AD7572JP05 
AD7572KP05 
AD7572LP05 


LCCC 5 (E-28A) 
AD7572SE05 
AD7572TE05 
AD7572UE05 


CONVERSION TIME = 12.5ps 




T emperature Range and Package Options 2 

Full-Scale 

TC 

Accuracy 

Grade 

0 to 4- 70°C 

— 25°C to + 85°C 

— 55°C to 4- 125°C 

45ppm/°C 

25ppm/°C 

25ppm/°C 

± 1LSB 
± 1LSB 
± 1/2LSB 

Plastic DIP (D-24A) 

AD7572JN12 

AD7572KN12 

AD7572LN12 

Hermetic 3 DIP (Q-24) 

AD7572AQ12 

AD7572BQ12 

AD7572CQ12 

Hermetic 3 DIP (Q-24) 

AD7572SQ12 

AD7572TQ12 

AD7572UQ12 

45ppm/°C 

25ppm/°C 

25ppm/°C 

± 1LSB 
± 1LSB 
± 1/2LSB 

PLCC 4 (P-28A) 
AD7572JP12 
AD7572KP12 
AD7572LP12 


LCCC 5 (E-28A) 
AD7572SE12 
AD7572TE12 
AD7572UE12 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add /883B to part number. Contact your local 
sales office for military data sheet. For U.S. Standard Military Drawing (SMD), see DESC 
Drawing #5962-87591. 

2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship either ceramic (package outline D-24A) 
or cerdip hermetic (package outline Q-24) packages. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 


PIN CONFIGURATIONS 
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PIN FUNCTION DESCRIPTION 
DIP Pin No. Mnemonic Description 

1 AIN Analog Input. 

2 Vref Voltage Reference Output. The AD7572 has its own internal - 5 .25V reference. 

3 AGND Analog Ground. ___ 

4 ... 11 D11...D4 Three State data outputs . They become active when CS and RD are brought low. 

13 ... 16 D3/11 . . . DO/8 Individual pin function is dependent upon High Byte Enable (HBEN) Input. 



NOTE 

*D11 . . . DO/8 are the ADC data output pins. 

DB11 . . . DBO are the 12-bit conversion results, DB 11 is the MSB. 


12 DGND Digital Ground. 

17 CLKIN Clock Input pin. An external TTL compatible clock may be applied to this pin. Alternatively 

a crystal or ceramic resonator may be connected between CLK IN 
(Pin 17) and CLK OUT (Pin 18). 

18 CLK OUT Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock 

is used. See CLK IN (Pin 17) description for crystal (resonator). 

19 HBEN High Byte Enable input. Its primary function is to multiplex the 12-bits of conversion data onto 

the lower D7 . . . DO/8 outputs (4MSBs or 8 LSBs). See Pin description 4 ... 11 and 13 . . . 16. 
It also disables conversion start when HBEN is high. 

20 RD READ input. This active LOW signal, in conjunction with CS is used to enable 

_ the output data three state drivers and initiate a conversion if CS and HBEN are low. 

21 CS CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable 

the ou tput data three state drivers and initiate a conversion if RD and HBEN are low. 

22 BUSY BU S Y output indicates converter status . BU S Y is LOW during conversion . 

23 V S s Negative Supply, - 15V. 

24 V DD Positive Supply, + 5V. 


OPERATIONAL DIAGRAM 

An operational diagram for the AD7572 is shown in 
Figure 3. The AD7572 is a 12-bit successive approximation 
A/D converter. The addition of just a crystal/ceramic resonator 
and a few capacitors enables the device to perform the analog- 
to-digital function. 



AD7572XX1 2 - 1 .0MHz CRYSTAL/CERAMIC RESONATOR. 

Cl and C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC RESONATOR 
MANUFACTURER. TYPICAL VALUES ARE FROM 30 to lOOpF. 

Figure 3. AD7572 Operational Diagram 
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CONVERTER DETAILS 

Conversion start is controlled by the CS, RD and HBEN 
inputs. At the start of conversion the successive approximation 
register (SAR) is reset and the three-state data outputs are 
enabled. Once a conversion cycle has begun it cannot be re- 
started. 

During conversion, the internal 12-bit voltage mode DAC 
output is sequenced by the SAR from the most significant 
bit (MSB) to the least significant bit (LSB). Referring to 
Figure 4, the AIN input connects to the comparator input 
via 2.5kfl. The DAC which has a similar 2.5kfl output 
impedance connects to the same comparator input. Bit decisions 
are made by the comparator (zero crossing detector) which 
checks the addition of each successive weighted bit from the 
DAC output. The MSB decision is made 80ns (typically) 
after the second falling edge of CLK IN following a conversion 
start. Similarly, the succeeding bit decisions are made ap- 
proximately 80ns after a CLK IN edge until conversion is 
finished. At the end of conversion, the DAC output current 
balances the AIN input current. The SAR contents (12-bit 
data word) which represent the AIN input signal is loaded 
into a 12-bit latch. 



Figure 4. AD7572 AIN Input 



DB11 DB10 DB1 DBO 

(MSB) (LSB) 


Figure 5. Operating Waveforms Using an External Clock 
Source for CLK IN 

CONTROL INPUTS SYNCHRONIZATION 

In applications where the RD control input is not synchronized 
with the ADC clock then conversion time can vary from 12 
to 13 CLK IN periods. This is because the ADC waits for 
the first falling CLK IN edge after conversion start before 
the conversion procedure begins. Without synchronization, 
this delay can vary from zero to an entire clock period. If a 
constant conversion time is required, then the following 
approach ensures a fixed 5|xs conversion time for the 
AD7572XX05 and 12.5|uls for the AD7572XX12: when in- 
itiating a conversion, RD must go low on either the rising 
edge of CLK IN or the falling edge of CLK OUT. 


DRIVING THE ANALOG INPUT 

During conversion, the AIN input current is modulated by 
the DAC output current at a rate equal to the CLK IN frequency 
(i.e., 2.5MHz when CLK IN = 2.5MHz). The analog input 
voltage must remain fixed during this period and as a result 
must be driven from an op amp or sample hold with a low 
output impedance. The output impedance of an op amp is 
equal to the open loop output impedance divided by the loop 
gain at the frequency of interest. 

Suitable devices capable of driving the AD7572 AIN input 
are the AD OP-27 and AD711 op amps or the AD585 sample 
hold. 

INTERNAL CLOCK OSCILLATOR 

Figure 6 shows the AD7572 internal clock circuit. A crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) 
and CLK OUT (Pin 18) to provide a clock oscillator for the 
ADC timing. Alternatively the crystal/resonator may be omitted 
and an external clock source may be connected to CLK IN. For 
an external clock the mark/space ratio must be 50/50. An inverted 
CLK IN signal will appear at the CLK OUT pin as shown in 
the operating waveforms of Figure 5. 



NOTES 

AD7572XX05 - 2.5MHz CRYSTAL/CERAMIC RESONATOR. 

AD7572XX12 - 1 .0MHz CRYSTAL/CERAMIC RESONATOR. 

Cl and C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC RESONATOR 
MANUFACTURER. TYPICAL VALUES ARE FROM 30 to 1 0OpF. 

Figure 6. AD7572 Internal Clock Circuit 

INTERNAL REFERENCE 

The AD7572 has an on-chip, buffered, temperature-compensated, 
buried Zener reference, which is factory trimmed to -5.25V 
±1%. It is internally connected to the DAC and is also available 
at Pin 2 to provide up to 550 |jlA current to an external load. 

For minimum code transition noise the reference output should 
be decoupled with a capacitor to filter out wideband noise from 
the reference diode (10|xF of tantalum in parallel with lOOnF 
ceramic). However, large values of decoupling capacitor can 
affect the dynamic response and stability of the reference amplifier. 
A lOfl resistor in series with the decoupling capacitors will 
eliminate this problem without adversely affecting the filtering 
effect of the capacitors. A simplified schematic of the reference 
with its recommended decoupling components is shown in 
Figure 7. 



10|aF 


Figure 7. AD7572 Internal - 5.25V Reference 
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UNIPOLAR OPERATION 

Figure 8 shows the ideal input/output characteristic for the 0 to 
5 volt input range of the AD7572. The designed code transitions 
occur midway between successive integer LSB values (i.e., 
1/2LSB, 3/2LSBs, 5/2LSBs . . . FS-3/2LSBs). The output code 
is natural binary with 1LSB = FS/4096 = (5/4096)V = 

1.22mV. 


OUTPUT FULL SCALE 

CODE TRANSITION 



0 12 3 i FS 

LSB LSB'S LSB'S » 

FS -1LSB 


AIN. INPUT VOLTAGE (IN TERMS OF LSB's) 

Figure 8. AD7572 Ideal Input/Output Transfer 
Characteristic 

UNIPOLAR OFFSET AND FULL-SCALE ERROR 
ADJUSTMENT 

In applications where absolute accuracy is important then offset 
and full-scale error can be adjusted to zero. Offset error must be 
adjusted before full-scale error. Figure 9 shows the extra com- 
ponents required for full-scale error adjustment. Zero offset is 
achieved by adjusting the offset of the op amp driving AIN 
(i.e., A1 in Figure 9.). For zero offset error apply 0.61mV (i.e., 
1/2LSB) at and adjust the op amp offset voltage until the 
ADC output code flickers between 0000 0000 0000 and 
0000 0000 0001. 

For zero full-scale error apply an analog input of 4.99817V (i.e., 
FS-3/2LSBs or last code transition) at Vi N and adjust R1 until 
the ADC output code flickers between 1111 1111 1110 and 

mi mi ini. 


AD OP-27 
AD711 



Figure 9. Unipolar 0 to +5V Operation with Gain Error 
Adjust 


BIPOLAR OPERATION 

Figures 10 and 12 show how bipolar operation can be achieved 
with the AD7572. Both circuits use an op-amp to offset the 
analog signal (V IN ) by 2.5V. Alternatively, the op amp (Al) can 
be replaced by a sample hold as shown in Figure 24. The op 
amp transfer functions are given below: 

Figure 10: AIN = (Vi N + 2.5) volts 
Figure 12: AIN = (-V IN 4- 2.5) volts 

Both circuits have an analog input range of ±2.5V and an LSB 
size of 1.22mV. The output codes are offset binary for Figure 
10 and complementry offset binary for Figure 12. Their ideal 
input/output transfer characteristics after offset and full scale 
adjustment are shown in Figures 11 and 13. 

Signal ranges other than ±2.5V are easily accommodated using 
different values of R3 and R4 for Figure 10, and a different R2 
value for Figure 12. These resistors should be chosen such that 
the voltage range at AIN covers the full dynamic range (i.e., 0V 
to 5V) of the ADC. All resistors should be the same type and 
from the same manufacturer so that their temperature coefficients 
match. 


AD OP-27 



Figure 10. AD7572 Bipolar Operation - Output Code is 
Offset Binary 



V IN , INPUT VOLTAGE 


Figure 1 1. Ideal Input/Output Transfer Characteristic for 
the Bipolar Circuit of Figure 10 
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R3 

6.19k 



Figure 12. AD7572 Bipolar Operation - Output Code is 
Complementary Offset Binary 
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Figure 13. >ldeal Input/Output Transfer Characteristic 
for the Bipolar Circuit of Figure 12 


OFFSET AND FULL-SCALE ERROR 

In most Digital Signal Processing (DSP) applications offset and 
full-scale error have little or no effect on system performance. A 
typical example is a digital filter, where an analog signal is quan- 
tized, digitally processed and recreated using a DAC. In these 
type of applications the offset error can be eliminated by ac 
coupling the recreated signal. Full-scale error effect is linear and 
does not cause problems as long as the input signal is within the 
full dynamic range of the ADC. An important parameter in 
DSP applications is Differential Nonlinearity and this is not 
affected by either offset or full-scale error. 


In measurement applications where absolute accuracy is required, 
offset and full-scale error can be adjusted to zero as in 
Figure 14. 



Figure 14. AD7572 Bipolar Operation with Offset and 
Gain Error Adjust 


BIPOLAR OFFSET AND FULL-SCALE ERROR 
ADJUSTMENT 

The bipolar circuit of Figure 10 can be adjusted for offset and 
full-scale errors, by including two potentiometers R5 and R6, as 
shown in Figure 14. Offset must be adjusted before full-scale 
error. This is achieved by applying an analog input of 0.61mV 
(1/2LSB) at V IN and adjusting R5 until the ADC output code 
flickers between 1000 0000 0000 and 1000 0000 0001. 

For full-scale error adjustment, the analog input must be at 
2.49817 volts (i.e., FS/2 - 3/2LSBs or last transition point). 
Then R6 is adjusted until the ADC output code flickers between 
mi mi mo and ini mi nil. 

A similar offset and full-scale error adjustment procedure may 
be employed for Figure 12 by making R1 and R2 variable. 

Offset must again be adjusted before full scale error. This is 
achieved by applying an analog input of 0.61mV at Vin and 
adjusting R1 until the ADC output code flickers between 
0111 1111 1110 and 0111 1111 1111. 

For full-scale error adjust, apply a signal source of 2.49817V at 
Vi N and adjust R2 until the ADC output code flickers between 
0000 0000 0000 and 0000 0000 0001. 
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APPLICATION HINTS 

Wire wrap boards are not recommended for high resolution or 
high-speed A/D converters. To obtain the best performance 
from the AD7572 a printed circuit board is required. Layout for 
the printed circuit board should ensure that digital and analog 
signal lines are separated as much as possible. In particular, care 
should be taken not to run any digital track alongside an analog 
signal track or underneath the AD7572. The analog input should 
be screened by AGND. 

A single point analog ground (STAR ground) separate from the 
logic system ground should be established at Pin 3 (AGND) or 
as close as possible to the AD7572 as shown in Figure 15. 

Pin 12 (AD7572 DGND) and all other analog grounds should 
be connected to this single analog ground point. No other digital 
grounds should be connected to this analog ground point. Low 
impedance analog and digital power supply common returns are 
essential to low noise operation of the ADC and the foil width 
for these tracks should be as wide as possible. 

Noise: Input signal leads to AIN and signal return leads from 
AGND (Pin 3) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 

Also, since any potential difference in grounds between the 
signal source and ADC appears as an error voltage in series with 
the input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 

In applications where the AD7572 data outputs and control 
signals are connected to a continuously active microprocessor 
bus, it is possible to get LSB errors in conversion results. These 
errors are due to feedthrough from the microprocessor to the 
successive approximation comparator. The problem can be 
eliminated by forcing the microprocessor into a WAIT state 
during conversion (see Slow Memory Mode interfacing), or by 
using three-state buffers to isolate the AD7572 data bus. 



Figure 15. Power Supply Grounding Practice 


TIMING AND CONTROL 

Conversion start and data read operations are controlled by 
three AD7572 digital inputs; HBEN, CS and RD. Figure 16 
shows the logic structure associated with these inputs. The three 
signals are internally gated so that a logic “0” is required on all 
three inputs to initiate a conversion. Once initiated it cannot be 
re-started un til conv ersion is complete. Converter status is indi- 
cated by the BUSY output, and this is low while conversion is 
in progress. 


There are two modes of operation as outlined by the timing 
diagrams of Figures 17 to 20. Slow Memory Mode is designed 
for microprocessors which can b e dr iven into a WAIT state, a 
READ operation brings CS and RD low which initiates a con- 
version and data is read when conversion is complete. 

The second is the ROM Mode which does not require micro- 
processor WAIT states, a READ operation brings CS and RD 
low which initiates a conversion and reads the previous conversion 
result. 

DATA FORMAT 

The output data format can either be a complete parallel load 
(DB11..DB0) for 16-bit microprocessors or a two byte load for 
8-bit microprocessors. Data is always right justified (i.e., LSB is 
the most right-hand bit in a 16-bit word. For a two byte read, 
only data outputs D7 . . . DO/8 are used. Byte selection is governed 
by the HBEN input which controls an internal digital multiplexer. 
This multiplexes the 12-bits of conversion data onto the lower 
D7 . . . DO/8 outputs (4 MSBs or 8 LSBs) where it can be read 
in two read cycles. The 4 MSB’s always appear on Dll . . . D8 
whenever the three-state output drives are turned on. 



Figure 16. Internal Logic for Control Inputs CS, RD and 
HBEN 

SLOW MEMORY MODE, PARALLEL READ (HBEN = 
LOW) 

Figure 17 and Table I shows the timing diagram and data bus 
status for Slow Memory Mode, Parallel Read. CS and RD going 
low triggers a conversion and the AD7572 acknowledges by 
taking BUSY low. Data from the previous conversion appears 
on the three state data outputs. BUSY returns high at the end 
of conversion when the output latches have been updated and 
the conversion result is placed on data outputs Dll . . . DO/8. 

SLOW MEMORY MODE, TWO BYTE READ 

For a two byte read only 8 data outputs D7 . . . DO/8 are used. 
Conversion start procedure and data output status for the first 
read operation is identical to Slow Memory Mode, Parallel Read. 
See Figure 18 timing diagram and Table II data bus status. At 
the end of conversion the low data byte (DB7 . . . DBO) is read 
from the ADC. A second READ operation with HBEN high, 
places the high byte on data outputs D3/1 1 . . . DO/8 and disables 
conversion start. Note the 4MSB’s appear on data outputs 
Dll ... D8 during the two READ operations above. 
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Figure 17. Slow Memory Mode , Parallel Read Timing Diagram 
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Table I. Slow Memory Mode , Parallel Read Data Bus Status 
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Figure 18. Slow Memory Mode, Two Byte Read Timing Diagram 


AD7572 Data Outputs 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

Dl/9 

DO/8 

First Read 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second Read 

LOW 

LOW 

LOW 

LOW 

DB11 

DB10 

DB9 

DB8 


Table II. Slow Memory Mode, Two Byte Read Data Bus Status 
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Figure 19. ROM Mode, Parallel Read Timing Diagram 
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Table III. ROM Mode , Parallel Read Data Bus Status 
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Figure 20. ROM Mode , Two Byte Read Timing Diagram 
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Table IV. ROM Mode, Two Byte Read Data Bus Status 


ROM MODE, PARALLEL READ (HBEN = LOW) 

The ROM Mode avoids placing a microprocessor into a wait 
state. A conversion is started with a READ operation and the 
12-bits of data from the previous conversion is available on data 
outputs Dll . . . DO/8 (see Figure 19 and Table III). This data 
may be disregarded if not required. A second READ operation 
reads the new data (DB 11 . . . DBO) and starts another conversion. 
A delay at least as long as the AD7572 conversion time must be 
allowed between READ operations. 

ROM MODE, TWO BYTE READ 

As previously mentioned for a two byte read, only data outputs 
D7 . . . DO/8 are used. Conversion is started in the normal way 
with a READ operation and the data output status is the same 
as the ROM Mode, Parallel Read. See Figure 20 timing diagram 
and Table IV data bus status. Two more READ operations are 
required to access the new conversion result. A delay equal to 
the AD7572 conversion time must be allowed between conversion 
start and the second data READ operation. The second READ 
operation, with HBEN high, disables conversion start and places 
the high byte (4MSBs) on data outputs D3/11 . . . DO/8. A 
third READ operation accesses the low data byte (DB7 . . . DBO) 
and starts another conversion. The 4MSB’s appear on data 
outputs Dll ... D8 during all three read operations above. 

MICROPROCESSOR INTERFACING 

The AD7572 is designed to interface with microprocessors as a 
memory mapped device. The CS and RD control inputs are 
common to all peripheral memory interfacing. The HBEN input 
serves as a data byte select for 8-bit processors and is normally 
connected to the microprocessor address bus. 


MC68000 Microprocessor 

Figure 21 shows a typical interface for the 68000. The AD7572 
is operating in the Slow Memory Mode. Assuming the AD7572 
is located at address C000, then the following single 16-bit MOVE 
instruction both starts a conversion and reads the conversion 
result. 

Move.W $C000,D0 

At the begi nning o f the instructi on cycle w hen the ADC address 
is selected, BUSY and CS assert DTACK, so that t he 6800 0 is 
forced into a WAIT state. At the end of conversion BUSY 
returns high and the conversion result is placed in the DO register 
of the UP. 



Figure 21. AD7572 - MC68000 Interface 
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8085A, Z80 MICROPROCESSOR 

Figure 22 shows an AD7572 interface for the Z80 and 8085 A. 
The AD7572 is operating in the Slow Memory Mode and a two 
byte read is required. Not shown in the figure is the 8-bit latch 
required to demultiplex the 8085A common address/data bus. 
AO is used to assert HBEN, so that an even address (HBEN = 
LOW) to the AD7572 will start a conversion and read the low 
data byte. An odd address (HBEN = HIGH) will read the high 
data byte. This is accomplished with the single 16-bit LOAD 
instruction below. 

For the 8085A LHLD (B000) 

For the Z80 LD HL, (B000) 

This is a two byte read instruction which loads the ADC data 
(address B 000) in to the HL register pair. During the first read 
operation, BUSY forces the microprocessor to WAIT for the 
AD7572 conversion. No WAIT states are inserted during the 
second read operation when the microprocessor is reading the 
high data byte. 



Figure 22. AD7572 - 8085A/Z80 Interface 


TMS320I0 MICROCOMPUTER 

Figure 23 shows an AD7572-TMS32010 interface. The AD7572 
is operating in the ROM Mode. The interface is designed for a 
maximum TMS32010 clock frequency of 18MHz but will typically 
work over the full TMS32010 clock frequency range. 

The AD7572 is mapped at a port address. The following I/O 
instruction starts a conversion and reads the previous conversion 
result into data memory. 

IN A, PA (PA = PORT ADDRESS) 

When conversion is complete, a second I/O instruction reads the 
up-to-date data into data memory and starts another conversion. 
A delay at least as long as the ADC conversion time must be 
allowed between I/O instructions. 



♦LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 23. AD7572 - TMS32010 Interface 

AD7572-AD585 SAMPLE-HOLD INTERFACE 

Figure 24 shows an AD585 sample-hold amplifier driving the 
AIN input of the A D7 5 72. The interface contains resistors Rl, 
R2, R3 and R4 to allow a bipolar input signal range of ±2.5 

who. nit iiiaAiiuuiii oaiiipiiiig ii^uwu \*y 10 jl ljmh iui me 

AD7572XX05 (5|xs conversion) and 64.5kHz for the 
AD7572XX12 (12.5|xs conversion). This includes the sample-hold 
amplifier acquisition time (3|jls). 

When an AD7572 conversion is initiated, the converter BUSY 
output goes low in dicating conversion is in progress. The falling 
edge of this BUSY output signal places the sample-hold amplifier 
into the HOLD mode “freezing” the inp ut signal to the AD7572. 
When conversion is finished, the BUSY output returns HIGH 
allowing the sample-hold to track the input signal. To achieve 
the maximum sampling rate, the AD7572 output data must be 
read within 3jjis immediately after conversion while the sample- 
hold amplifier is acquiring the next sample. 



Figure 24. AD7572 - AD585 Sample-and-Hold Interface 
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rm ANALOG 

LC 2 M0S 

U DEVICES 

5|jls 8-Bit ADC with Track/Hold 


AD7575 


FEATURES 

Fast Conversion Time: 5p,s 

On-Chip Track/Hold 

Low Total Unadjusted Error: 1LSB 

Full Power Signal Bandwidth: 50kHz 

Single + 5V Supply 

100ns Data Access Time 

Low Power (15mW typ) 

Low Cost 

Standard 18-Pin DIPs or 20-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7575 is a high-speed 8-bit ADC with a built-in track/hold 
function. The successive approximation conversion technique is 
used to achieve a fast conversion time of 5|xs, while the built-in 
track/hold allows full-scale signals up to 50kHz (386mV/jxs slew 
rate) to be digitized. The AD7575 requires only a single + 5V 
supply and a low-cost, 1.23V bandgap reference in order to 
convert an input signal range of 0 to 2Vref* 

The AD7575 is designed for easy interfacing to all popular 8-bit 
micropr ocess ors using standard microprocessor control signals 
(CS and RD) to control starting of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the part can be 
interfaced as SLOW-MEMORY or ROM. All data outputs of 
the AD7575 are latched and three-state buffered to allow direct 
connection to a microprocessor data bus or I/O port. 

The AD7575 is fabricated in an advanced, all ion-implanted 
high-speed linear compatible CMOS (LC 2 MOS) process and is 
available in either a small, 0.3" wide 18-pin DIP or in 20-terminal 
surface mount packages. 

ORDERING INFORMATION 1 


Relative 

Accuracy 

(LSB) 

Temperature Range and 

Package Options 2 

Oto +70°C 

— 25°C to 
+ 85°C 

— 55°C to 
+ 125°C 

±1 

±1/2 

Plastic DIP 
(N-18) 

AD7575JN 

AD7575KN 

Hermetic DIP 

(Q-18) 

AD7575AQ 

AD7575BQ 

Hermetic DIP 
(Q-18) 

AD7575SQ 

AD7575TQ 

±1 

±1/2 

PLCC 3 (P-20A) 

AD7575JP 

AD7575KP 


LCCC 4 (E-20A) 

AD7575SE 

AD7575TE 


NOTES 

order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard Military 
Drawing (SMD), see DESC drawing #5962-87762. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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PRODUCT HIGHLIGHTS 

1 . Fast Conversion Time/Low Power 

The fast, 5|xs conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre- 
quencies, while retaining the advantage of low CMOS power 
consumption. 

2. On-Chip Track/Hold 

The on-chip track/hold function is completely self-contained 
and requires no external hold capacitor. Signals with slew 
rates up to 386mV/|xs (e.g., 2.46V peak-to-peak 50kHz sine 
waves) can be digitized with full accuracy. 

3. Low Total Unadjusted Error 

The zero, full-scale and linearity errors of the AD7575 are so 
low that the total unadjusted error at any point on the transfer 
function is less than 1LSB and offset and gain adjustments 
are not required. 

4. Single Supply Operation 

Operation from a single +5V supply with a low-cost + 1.23V 
bandgap reference allows the AD7575 to be used in 5V 
microprocessor systems without any additional power 
supplies. 

5. Fast Digital Interface 

Fast interface timing allows the AD7575 to interface easily to 
the fast versions of most popular microprocessors such as the 
Z80H, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS32010. 
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QDmnPATinMC + 5V; Vref = + 1 23V ; ASND = DGND = OV; f cu( = 4MHz external; 

OrtUlrlOnl IUNO AN specifications T,*, to unless otherwise noted.) 


Parameter 

J,A 

Versions 1 

K,B 

Versions 

S Version 

T Version 

Units 

Conditions/Comments 

ACCURACY 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 

±2 

± 1 

±2 

±1 

LSB max 


Relative Accuracy 

±1 

± V 2 

±1 

±V2 

LSBmax 


Minimum Resolution for which 

No Missing Codes is Guaranteed 

8 

8 

8 

8 

Bits max 


Full Scale Error 

25°C 

±1 

+ j 

±1 

±1 

LSBmax 

Full Scale TC is typically 5ppm/°C 

T min tO T max 

±1 

±1 

±1 

±1 

LSBmax 


Offset Error 2 

25°C 

±¥l 

±V2 

±V2 

±V2 

LSB max 

Offset TC is typically 5ppm/°C 

T m in to T max 

±¥2 

±V2 

±V2 

± ¥2 

LSB max 


ANALOG INPUT 

Voltage Range 

0 to 2 V ref 

0to2V REF 

0 to 2 V ref 

Oto 2 Vref 

Volts 

1LSB = 2Vre F / 256; See Figure 4 

DC Input Impedance 

10 

10 

10 

10 

MG min 


Slew Rate, Tracking 

0.386 

0.386 

0.386 

0.386 

V/fAsmax 


SNR 3 

45 

45 

45 

45 

dBmin 

V IN = 2.46V p-p @ 10kHz; See Figure 1 

REFERENCE INPUT 

Vref (For specified Performance) 

1.23 

1.23 

1.23 

1.23 

Voits 

±5% 

Iref 

500 

500 

500 

500 

pA max 


LOGIC INPUTS 

CS,RD 

Vinl> Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

V max 


Vinh> Input High Voltage 

2.4 

2.4 

2.4 

2.4 

V min 


I in, Input Current 

25°C 

±1 

±1 

±1 

±1 

(jiA max 

V IN = 0orV DD 

Tmin tO Tmax 

±10 

±10 

±10 

±10 

|aA max 

Vi N = 0orV DD 

Cin> Input Capacitance 3 

10 

10 

10 

10 

pF max 


CLK 

Vinlj Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


Vinhj Input High Voltage 

2.4 

2.4 

2.4 

2.4 

V min 


Iinlj Input Low Current 

700 

700 

800 

800 

pA max 

Vinl = 0V 

Iinhj Input High Current 

700 

700 

800 

800 

pA max 

Vinh = Vdd 

LOGIC OUTPUTS 

BUSY, DBO to DB7 

V OL , Output Low Voltage 

0.4 

0.4 

0.4 

0.4 

Vmax 

Isink = 1.6mA 

Vohj Output High Voltage 

4.0 

4.0 

4.0 

4.0 

Vmin 

I SOURCE = 40(aA 

DBO to DB7 

Floating State Leakage Current 

±1 

±1 

±10 

±10 

pA max 

V OUT == 0 tO V dd 

Floating State Output Capacitance 3 

10 

10 

10 

10 

pF max 


CONVERSION TIME 4 

With External Clock 

5 

5 

5 

5 

|AS 

f CL K = 4MHz 

With Internal Clock, T A = 25°C 

5 

5 

5 

5 

(as min 

Using recommended clock 


15 

15 

15 

15 

(as max 

components shown in Figure 3. 

POWER REQUIREMENTS 5 

Vdd 

+ 5 

+ 5 

+ 5 

+ 5 

Volts 

± 5% for Specified Performance 

Idd 

6 

6 

7 

7 

mA max 

Typically 3mA with V DD = + 5 V 

Power Dissipation 

15 

15 

15 

15 

mWtyp 


Power Supply Rejection 

± l A 

±¥a 

±Va 

±¥a 

LSB max 

4.75V<V dd <5.25V 


NOTES 

temperature Ranges are as follows: 

J, K Versions; 0 to + 70°C 
A, B Versions; - 25°C to + 85°C 
S, T Versions; - 55°C to + 125°C 

2 Offset error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 

3 Sample tested at 25°C to ensure compliance. 

4 Accuracy may degrade at conversion times other than those specified. 

5 Power supply current is measured when AD7575 is inactive i.e. when CS = RD = BUSY = logic HIGH. 
Specifications subject to change without notice. 
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AD7575 


ABSOLUTE MAXIMUM RATINGS* 

V DD TO AGND - 0.3V, + 7V 

V DD TO DGND -0.3V, +7V 

AGND TO DGND -0.3V, V DD 

Digital Input Voltage to DGND .... -0.3V, V D d + 0.3V 

Digital Output Voltage to DGND . . . -0.3V, V D d + 0.3V 

CLK Input Voltage to DGND -0.3V, V DD +0.3V 

Vref to AGND -0.3V, V DD 

AIN TO AGND - 0.3V, V DD 

Operating Temperature Range 

Commercial, (J, K Versions) 0 to + 70°C 

Industrial (A, B Versions) - 25°C to + 85°C 

Extended (S, T Versions) - 55°C to + 125°C 


Storage Temperature Range -65°C to + 150°C 

Lead Temperature (soldering, lOsec) +300°C 

Power Dissipation (Any Package) to +75°C 450mW 

Derates above 75°C by 6mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, perrrtanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed . 



PIN CONFIGURATIONS 

DIP LCCC 


PLCC 





TRACK-AND-HOLD 

The on-chip track-and-hold on the AD7575 means that input 
signals with slew rates up to 386mV/(xs can be converted without 
error. This corresponds to an input signal bandwidth of 50kHz 
for a 2.46V peak-to-peak sine wave. Figure 1 shows a typical 
plot of signal-to-noise ratio versus input frequency, over the 
input bandwidth of the AD7575. The SNR figures are generated 
using a 200kHz sampling frequency and the reconstructed sine 
wave passes through a filter with a cutoff frequency of 50kHz. 



100 Ik 10k 100k 

INPUT FREQUENCY - Hz 


Figure 1. SNR vs. Input Frequency 


The improvement in the SNR figures seen at the higher frequencies 
is due to the sharp cut-off of the filter (50kHz, 8th order Chebyshev) 
used in the test circuit. 

The input signal is held on the third falling edge of the input 
clock after CS and RD go LOW. This is indicated in Figure 2 
for the Slow Memory Interface. In between conversions the 
input signal is tracked by the AD7575 track-and-hold. Since the 
sampled signal is held on a small, on-chip capacitor it is advis- 
able that the data bus be kept as quiet as possible during a 
conversion. 



INPUT SIGNAL 
HELD HERE 


Figure 2. Track-and-Hold (Slow Memory Interface) with 
External Clock 
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Unipolar/Bipolar Considerations 


UNIPOLAR OPERATION 

The basic operation for the AD7575 is in the unipolar single 
supply mode. Figure 3 shows the circuit connections to achieve 
this while the nominal transfer characteristic for unipolar operation 
is given in Figure 4. Since the offset and full-scale errors on the 
AD7575 are very small, in many cases it will not be necessary to 
adjust out these errors. If calibration is required the procedure 
is as follows: 

Offset Adjust 

Offset error adjustment in single-supply systems is easily achievable 
by means of the offset null facility of an op-amp when used as a 
voltage follower for the analog input signal, AIN. The op-amp 
chosen should be able to operate from a single supply and allow 
a common-mode input voltage range that includes OV (e.g., 
TLC271). To adjust for zero offset the input signal source is set 
to + 4.8mV (i.e., 1/2LSB) while the op-amp offset is varied 
until the ADC output code flickers between 000 ... 00 and 
000 .. . 01 . 

Full Scale Adjust 

The full scale or gain adjustment is made by forcing the analog 
input AIN to + 2.445V (i.e., Full-Scale Voltage -3/2LSB). 

The magnitude of the reference voltage is then adjusted until 
the ADC output code flickers between 111 ... 10 and 
111 . . . 11 . 



OUTPUT 

CODE FULL SCALE 



Figure 4. Nominal Transfer Characteristic for 
Unipolar Operation 


BIPOLAR OPERATION 

The circuit of Figure 5 shows how the AD7575 can be configured 
for bipolar operation. The output code provided by the AD7575 
is offset binary. The analog input voltage range is ± 5V, although 
the voltage appearing at the AIN pin of the AD7575 is in the 
range 0V to + 2.46V. Figure 6 shows the transfer function for 
bipolar operation. The LSB size is now 39.06mV. Calibration of 
the bipolar operation is outlined below. Once again, because the 
errors are small it may not be necessary to adjust them. To 
maintain specified performance without the calibration all resistors 
should be 0.1% tolerance with R4 and R5 replaced by one 3.3kfl 
resistor and R2 and R3 replaced by one 2.5kfl resistor. 

Offset Adjust 

Offset error adjustment is achieved by applying an analog input 
voltage of -4.9805V (-FS/2 + 1/2LSB). Resistor R3 is then 
adjusted until the output code flickers between 000 ... 00 and 
000 .. . 01 . 

Full Scale Adjust 

Full scale or gain adjustment is made by applying an analog 
input voltage of + 4.9414V ( + FS/2 - 3/2LSB). Resistor R4 is 
then adjusted until the output code flickers between 1 1 1 ... 10 
and 111 . . . 11. 



OUTPUT 

CODE 



Figure 6. Nominal Transfer Characteristic for 
Unipolar Operation 
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□ ANALOG LC 2 M0S 

DEVICES 1 0fxs (jlP Compatible 8- Bit ADC 

AD7576 


FEATURES 

Single + 5V Operation with External Positive 
Reference 

Fast Conversion Time: 10ps 

No Missed Codes Over Full Temperature Range 

Microprocessor Compatible 

Low Cost 

Low Power (15mW) 

100ns Data Access Time 


GENERAL DESCRIPTION 

The AD7576 is a low cost, low power, microprocessor compatible 
8-bit analog-to-digital converter, which uses the successive 
approximation technique to achieve a fast conversion time of 
10(uls. The device is designed to operate with an external reference 
of + 1.23 V (standard bandgap reference) and converts input 
signals from 0V to 2Vref- 

The part is designed for ease of microprocessor interface with 
three control inputs (CS, RD and MODE) controlling all ADC 
operations such as starting conversion and reading data. The 
interface logic allows the part to be easily configured as a memory 
mapped device. All data outputs use latched, three-state output 
buffer circuitry to allow direct connection to a microprocessor 
data bus or system input port. The output latches serve to make 
the conversion process transparent to the microprocessor. 

The part is designed for single + 5V operation, has on-board 
comparator, interface logic, and internal/external clock option. 
This makes the AD7576 ideal for most ADC/pJP interface 
applications. 

The AD7576 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC 2 MOS) process and is 
available in either a small, 0.3" wide, 18-pin DIP or in 20-terminal 
surface mount packages. 


AD7576 FUNCTIONAL BLOCK DIAGRAM 


VoD 



BUSY DGND 

PRODUCT HIGHLIGHTS 

1 . Single Supply Operation 

Operation from a single +5V supply with a + 1.23V reference 
allows operation of the AD7576 with microprocessor systems 
without any additional power supplies. 

2. Low Power 

CMOS fabrication of the AD7576 results in a very low power 
dissipation figure of 15mW typical. 

3. Versatile Interface Logic 

The AD7576 can be configured to perform continuous con- 
versions or to convert on command. It can be interfaced as 
SLOW-MEMORY or ROM, allowing versatile interfacing to 
most microprocessors. 

4. Fast Conversion Time 

The fabrication of the AD7576 on Analog Devices’ Linear 
Compatible CMOS (LC 2 MOS) process enables fast conversion 
times of 10|xs, eliminating the need for expensive Sample-and- 
Holds in many low frequency applications. 


ORDERING INFORMATION 1 


Relative 

Accuracy 

(LSB) 

Temperature Range and Package Options 2 

Oto +70°C 

— 25°C to + 85°C 

— 55°C to + 125°C 

±1 

±1/2 

Plastic DIP (N-18) 

AD7576JN 

AD7576KN 

Hermetic DIP (Q-18) 

AD7576AQ 

AD7576BQ 

Hermetic DIP (Q-18) 

AD7576SQ 

AD7576TQ 

±1 

±1/2 

PLCC 3 (P-20A) 

AD7576JP 

AD7576KP 


LCCC 4 (E-20A) 

AD7576SE 

AD7576TE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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Q P r |\ I r I p * T| A y C (Vm = + 5V; Vref = + 1 ,23V; AGND = DGND = OV; fcu(= 2MHz external; 
Oi LUIllvAl I UNO All specifications T™, to T,^ unless otherwise noted.) 


Parameter 

J,A* 

Versions 

K,B 

Versions 

S Version 

T Version 

Units 

Conditions/Comments 

ACCURACY 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 

±2 

±1 

±2 

±1 

LSB max 


Relative Accuracy 

±1 

±'/2 

±1 

±'/2 

LSB max 


Minimum Resolution for which 

No Missing Codes is Guaranteed 

8 

8 

8 

8 

Bits max 


Full Scale Error 

25°C 

±1 

±1 

±1 

±1 

LSB max 

Full Scale TC is typically 5ppm/°C 

Tniin tO Tmax 

±1 

±1 

±1 

± l 

LSB max 


Offset Error 2 

25°C 

±Vi 

±Vi 

±‘/2 

±'/2 

LSB max 

Offset TC is typically 5ppm/°C 

Tmin tO T max 

±'/2 

±'/2 

±'/2 

± Vi 

LSB max 


ANALOG INPUT 

Voltage Range 

0to2V REF 

0 to 2 Vref 

0 to 2 Vr EF 

0to2VREF 

Volts 

1 LSB = 2 Vr EF / 256; See Figure 4 

DC Input Impedance 

10 

10 

10 

10 

Mflmin 


REFERENCE INPUT 

Vref (For specified Performance) 

1.23 

1.23 

1.23 

1.23 

Volts 

±5% 

Iref 

500 

500 

500 

500 

|xA max 


LOGIC INPUTS 

CS,RD,MODE 

Vinlj Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


Vinh> Input High Voltage 

2.4 

2.4 

2.4 

2.4 

Vmin 


I IN , Input Current 

25°C 

±1 

±1 

±1 

±1 

|xA max 

Vi N = 0orV DD 

Tmin tO T max 

±10 

±10 

±10 

±10 

IxAmax 

ViN = 0or Vdd 

Cin, Input Capacitance 3 

10 

10 

10 

10 

pF max 


CLK 

Vinl> Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


Vinhj Input High Voltage 

2.4 

2.4 

2.4 

2.4 

Vmin 


Iinlj Input Low Current 

700 

700 

800 

800 

(jlA max 

Vinl = 0V 

Iinhj Input High Current 

700 

700 

800 

800 

|xA max 

Vinh = Vdd 

LOGIC OUTPUTS 

BUSY, DBO to DB7 

V OL , Output Low Voltage 

0.4 

0.4 

0.4 

0.4 

Vmax 

Isink- 1.6mA 

Vqhj Output Hjigh Voltage 

4.0 

4.0 

4.0 

4.0 

V min 

1 source = 40|xA 

DBO to DB7 

Floating State Leakage Current 

±1 

±1 

±10 

±10 

|aA max 

VouT = 0to Vdd 

Floating State Output Capacitance 3 

10 

10 

10 

10 

pF max 


CONVERSION TIME 4 

With External Clock 

10 

10 

10 

10 

|XS 

f CL K = 2MHz 

With Internal Clock, T A = 25°C 

10 

10 

10 

10 

p,s min 

Using recommended clock 


30 

30 

30 

30 

p.s max 

components shown in Figure 3. 

POWER REQUIREMENTS 5 

v DD 

+ 5 

4-5 

+ 5 

+ 5 

Volts 

± 5% for Specified Performance 

Idd 

6 

6 

7 

7 

mA max 

Typically 3mA with V D d = + 5 V 

Power Dissipation 

15 

15 

15 

15 

mW typ 


Power Supply Rejection 

±Va 

±14 

± l /4 

±'/4 

LSB max 

4.75V V dd — 5.25V 


NOTES 

'Temperature Ranges are as follows: 

J, K Versions; 0 to +70°C 
A, B Versions; - 25°C to + 85°C 
S, T Versions; - 55°C to + 125°C 

2 Offset error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 

3 Sample tested at 25°C to ensure compliance. 

4 Accuracy may degrade at conversion times other than those specified. 

5 Power supply current is measured when AD7576 is inactive i.e. when CS = RD=? MODE = BUSY = logic HIGH. 
Specifications subject to change without notice. 
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AD7576 


ABSOLUTE MAXIMUM RATINGS* 

V DD TO AGND - 0.3V, + 7V 

V DD TO DGND - 0.3V, + 7V 

AGND TO DGND -0.3V, V DD 

Digital Input Voltage to DGND -0.3V, V DD + 0.3V 

Digital Output Voltage to DGND .... -0.3V, V D d + 0.3V 

CLK Input Voltage to DGND -0.3V, V DD + 0.3V 

Vref to AGND — 0.3V, Vdd 

AIN TO AGND -0.3V, V DD 

Operating Temperature Range 

Commercial (J, K Version) 0 to + 70°C 


Industrial (A, B Version) - 25°C to 4- 85°C 

Extended (S, T Version) - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (soldering, 10 secs) 300°C 

Power Dissipation (Any Package) to +75°C 450mW 

Derates above 75°C by 6mW/°C 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION — 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATIONS 
DIP 



LCCC 


PLCC 




A SAMPLED-DATA INPUT 

The AD7576 makes use of a sampled-data comparator. The 
equivalent input circuit is shown in Figure 1 . When a conversion 
starts, switch SI is closed and the equivalent input capacitance 
is charged to V IN . With a switch resistance of typically 500D 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus Qn becomes charged to within ± 14 LSB in 6.9 
time constants or about 7ns. Since the comparator switches are 
operating at one half the input clock frequency of 2MHz, there 
is ample time for the input voltage to settle before the comparator 
decision is made (at the end of a clock period). Increasing the 
source resistance increases the settling time required. Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. This average current flowing through 
any source impedance can cause full-scale errors. 



Figure 1. AD7576 Equivalent Input Circuit 


REFERENCE INPUT 

The reference input impedance on the AD7576 is code dependent 
and varies by a ratio of approximately 3-to-l over the digital 
code range. The typical resistance range is from 6kfl to 18kfi. 
As a result of the code dependent input impedance, the Vref 
input must be driven from a low impedance source. Figure 2 
shows how an AD589 can be configured to produce a nominal 
reference voltage of + 1.23V. 


+ 5V 



Figure 2. Reference Circuit 


ANALOG-TO-DIGITAL CONVERTERS 3-271 



Unipolar/Bipolar Considerations 

UNIPOLAR OPERATION 

The basic operation for the AD7576 is in the unipolar single 
supply mode. Figure 3 shows the circuit connections to achieve 
this while the nominal transfer characteristic for unipolar operation 
is given in Figure 4. Since the offset and full-scale errors on the 
AD7576 are very small, in many cases it will not be necessary to 
adjust out these errors. If calibration is required the procedure 
is as follows: 

Offset Adjust 

Offset error adjustment in single-supply systems is easily achievable 
by means of the offset null facility of an op-amp when used as a 
voltage follower for the analog input signal, AIN. The op-amp 
chosen should be able to operate from a single supply and allow 
a common-mode input voltage range that includes OV (e.g., 
TLC271). To adjust for zero offset the input signal source is set 
to + 4.8mV (i.e., 1/2LSB) while the op-amp offset is varied until 
the ADC output code flickers between 000 ... 00 and 
000 .. . 01 . 

Full Scale Adjust 

The full scale or gain adjustment is made by forcing the analog 
input AIN to + 2.445V (i.e., Full-Scale Voltage -3/2LSB). The 
magnitude of the reference voltage is then adjusted until the 
ADC output code flickers between 1 1 1 ... 10 and 111 . . . 11. 



Figure 3. AD7576 Unipolar Configuration 
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CODE FULL SCALE 



Figure 4. Nominal Transfer Characteristic for 
Unipolar Operation 


BIPOLAR OPERATION 

The circuit of Figure 5 shows how the AD7576 can be configured 
for bipolar operation. The output code provided by the AD7576 
is offset binary. The analog input voltage range is ± 5V, although 
the voltage appearing at the AIN pin of the AD7576 is in the 
range 0V to + 2.46 V. Figure 6 shows the transfer function for 
bipolar operation. The LSB size is now 39. 06m V. Calibration of 
the bipolar operation is outlined below. Once again, because the 
errors are small it may not be necessary to adjust them. To 
maintain specified performance without the calibration all resistors 
should be 0.1% tolerance with R4 and R5 replaced by one 3.3kH 
resistor and R2 and R3 replaced by one 2.5kfl resistor. 

Offset Adjust 

Offset error adjustment is achieved by applying an analog input 
voltage of - 4.9805V ( - FS/2 + 1/2LSB). Resistor R3 is then adjusted 
until the output code flickers between 000 ... 00 and 
000 .. . 01 . 

Full Scale Adjust 

Full scale or gain adjustment is made by applying an analog 
input voltage of + 4.9414V ( + FS/2 — 3/2LSB). Resistor R4 is then 
adjusted until the output code flickers between 1 1 1 ... 10 and 
111 . . . 11 . 



Figure 5. AD7576 Bipolar Configuration 


OUTPUT 



Figure 6. Nominal Transfer Characteristic for 
Bipolar Operation 
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ANALOG 

DEVICES 


CMOS 

1 2-Bit Successive Approximation ADC 


AD7578 


FEATURES 

12-Bit Successive Approximation ADC 

No Missed Codes Over Full Temperature Range 

Low Total Unadjusted Error ±1LSB max 

High Impedance Analog Input 

Autozero Cycle for Low Offset Voltage 

Low Power, 75mW typ 

Small Size: 0.3", 24-Pin Package 

Conversion Time of 100ps 


GENERAL DESCRIPTION 

The AD7578 is a medium speed, monolithic 12-bit CMOS A/D 
converter which uses the successive approximation technique to 
provide a conversion time of 100|xs. An auto-zero cycle occurs 
at the start of each conversion resulting in very low system 
offset voltages, typically less than 100/xV. The device is designed 
for easy microprocessor interfacing using standard control signals; 
CS (decoded device address), RD (READ) and WR (WRITE). 

Conversion results are available in two bytes, 8LSBs and 4MSBs, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter’s status. 

The analog input voltage range is 0V to + 5 V when using a 
reference voltage of + 5V. 


AD7578 FUNCTIONAL BLOCK DIAGRAM 



RD CS WR BYSL DGND 


PRODUCT HIGHLIGHTS 

1. The AD7578 is a complete 12-bit AJD converter in a 24-pin 
package requiring only a few passive components and a voltage 
reference. 

2. Autozero cycle realizes very low offset voltages, typically 
lOOpV. 

3. Standard microprocessor control signals to allow easy inter- 
facing to most popular 8- and 16-bit microprocessors. 

4. Monolithic construction for increased reliability and small 
0.3", 24-pin DIP. 


ORDERING INFORMATION 1 


Total 

Unadjusted 

Error 

Temperature Range and Package Options 2 

T|ni n — T max 

Oto +70°C 

— 25°C to +85°C 

— 55°C to + 125°C 


Plastic (N-24) 

Hermetic 3 (D-24A) 

Hermetic 3 (D-24A) 

± 1LSB 

AD7578KN 

AD7578BD 

AD7578TD 


NOTES 

! To order MIL-STD-883, Class B processed parts, add/883B to part number. 

Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip (Q-24) hermetic packages. 
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CDPPinPATIflNC ( v D o=+15V,V cc =+5V,V ss =-5V,V RB :=+5.0V 

Ol Lu Irl OH 1 1 U liO f clK = 140kHz external, all specifications T min to unless otherwise noted). 


Parameter 

K Version 1 

B Version 1 

T Version 1 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Total Unadjusted Error 2 

±1 

±1 

±1 

LSB max 


Differential Nonlinearity 

±1 

± 1 

±1 

LSB max 

No missing codes guaranteed 

Full Scale Error (Gain Error) 

±1/4 

±1/4 

±1/4 

LSB max 

Full Scale TC is typically lppm/°C 

Offset Error 

±1/4 

±1/4 

±1/4 

LSB max 

Offset Error TC is typically lppm/°C 

ANALOG INPUT 






Analog Input Range 

Oto +5 

Oto + 5 

Oto +5 

V 

Vref = + 5.0V 

Cain j Input Capacitance 

8 

8 

8 

pFtyp 


I AIN , Input Leakage Current 





AIN ; 0 to + 5 V 

+ 25°C 

10 

10 

10 

nA max 


Tmin tO T max 

100 

100 

100 

nA max 


REFERENCE INPUT 






Vref (For Specified Performance) 

+ 5 

+ 5 

+ 5 

V 

±5% 

V REF Range 

+ 4 to + 6 

+ 4 to + 6 

+ 4 to + 6 

V 

Degraded transfer accuracy 

Vref Input Reference Current 

1.0 

1.0 

1.0 

mA max 

V ref =+5.0V 

POWER SUPPLY REJECTION 






V DD Only 

±1/8 

±1/8 

±1/8 

LSB typ 

Vr»n= + 14.25V to + 15.75V 






V SS =-5V 

V ss Only 

±1/8 

±1/8 

±1/8 

LSB typ 

V ss =- 4.75V to -5.25V 






V DD = + 15V 

LOGIC INPUTS 






RD (Pin 16), CS (Pin 17), WR(Pin 18) 






BYSL(Pin 19) 






Vil Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

V max 

V CC = + 5 V ± 5% 

V IH Input High Voltage 

+ 2.4 

+ 2.4 

+ 2.4 

V min 


I IN Input Current 






+ 25°C 

±1 

±1 

±1 

|xA max 

VlN = 0tO Vcc 

Tmin tO T^ 

+ 10 

+ 10 

+ 10 

|xA max 


Cin Input Capacitance 3 

10 

10 

10 

pF max 


CLK (Pin 21) 






Vil, Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

V max 

ff 

II 

+ 

LA 

< 

1+ 

LA 

Vih> Input High Voltage 

+ 3.0 

+ 3.0 

+ 3.0 

V min 


Iil> Input Low Current 

±10 

±10 

±10 

p,A max 


Iih, Input High Current 

+ 1.5 

+ 1.5 

+ 1.5 

mA max 


LOGIC OUTPUTS 






DB0-DB7 (Pins 8-15), BUSY (Pin 20) 4 






Vol> Output Low Voltage 

+ 0.4 

+ 0.4 

+ 0.4 

Vmax 

Vcc = + $ V ± 5%, Isink - 1 -6mA 4 

V 0 hj Output High Voltage 

+ 4.0 

+ 4.0 

+ 4.0 

V min 

Vco = + 5V ± 5%, I source = 200 (xA 

Floating State Leakage Current 






(Pins 8-15) 

± 1 

±1 

±1 

|xA max 

Vout = 0V to Vcc 

Floating State Output Capacitance 

15 

15 

15 

pFmax 


CONVERSION TIME 5 






With External Clock 

100 

100 

100 

|xs min 

f C LK= 140kHz 

With Internal Clock, T a = + 25°C 

100/150 

100/150 

100/150 

|xs min/max 

Using recommended clock components 






as shown in Figure 6. 

POWER REQUIREMENTS 6 






Vdd 

+ 15 

+ 15 

+ 15 

VNOM 

± 5% for specified performance 

Vss 

-5 

-5 

-5 

VNOM 

± 5% for specified performance 

Vcc 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for specified performance 

Idd 

7.5 

7.5 

7.5 

mA max 

T ypically 4mA with V DD = + 1 5 V 

Iss 

7.5 

7.5 

7.5 

mA max 

Typically 3mA with V S s = - 5V 

Icc 

100 

100 

100 

P-A typ 

Vin = ViLorViH 


1.0 

1.0 

1.0 

mA max 


Power Dissipation 

75 

75 

75 

mW typ 

WR = RD = CS = BUSY = Logic HIGH 


NOTES 

1 T emperature Range as follows : K V ersion ; 0 to + 70°C 

B Version; - 25°C to + 85°C 
T Version; - 55°C to + 125°C 
includes Full Scale Error, Offset Error and Relative Accuracy. 

3 Sample t ested to ensure compliance. 

4 I S ink for BUSY (pin 20) is 1 .0 milliamp. 

Conversion Time includes autozero cycle time. 

6 Power supply current is measured when AD7578 is inactive i.e. , WR = RD = CS = BUSY = Logic HIGH. 
Specifications subject to change without notice. 


3-274 ANALOG-TO-DIGITAL CONVERTERS 




AD7578 


TIMING SPECIFICATIONS' 


f,V w =+5V) 


Parameter 

Limit at + 25°C 
(All Grades) 

Limit at Tnun, T mM 
(K&B Grades) 



Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to WR Setup Time 

t 2 (INT) 2 

200 

240 

280 

ns min 

WR Pulse Width (Internal Clock Operation) 

t 2 (EXT) 2 

10 

10 

10 

|xs min 

WR Pulse Width (External Clock Operation) 

t3 

0 

0 

0 

ns min 

CS to WR Hold Time 

t4 

130 

160 

200 

nstyp 



200 

250 

300 

ns max 

WR to BUSY Propagation Delay 

ts 

0 

0 

0 

ns min 

BUSY to CS Setup Time 


0 

0 

0 

ns min 

CS to RD Setup Time 

t 7 

200 

240 

280 

ns min 

RD Pulse Width 

*8 

0 

0 

0 

ns min 

CS to RD Hold Time 

^9 

50 

50 

50 

ns min 

BYSL to RD Setup Time 

tio 

0 

0 

0 

ns min 

BYSL to RD Hold Time 

til 3 

150 

180 

200 

nstyp 



200 

240 

280 

ns max 

RD to Valid Data (Bus Access Time) 

tl2 4 

20 

20 

20 

ns min 

RD to Three State Output 


130 

160 

180 

ns max 

(Bus Relinquish Time) 


h 25°C to ensure compliance. All input control signals are 

*- 5V) and timed from a voltage level of + 1 .6V. Data is timed from 


NOTES 

timing Specifications are sample tested at - 
specified with t r = t f = 20ns (10% to 90% of H 
Voh,V ol . 

2 When using an external clock source the WR pulse width must be extended to provide the minimum 
auto-zero cycle time of 10p.s. See “External Clock Operation”. 

3 ti i is measured with the load circuits of Figure 3 and defined as the time required for an output to cross 0.8V or 2.4V. 
4 ti 2 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 4. 
Specifications subject to change without notice. 



Figure 1. Start Cycle Timing 



Figure 2. Read Cycle Timing 






a. High-Z to V Qi 


b. High-Z to V OL 


Figure 3. Load Circuits for Access Time Test (tu) 


a. Vqh to High-Z b. V OL to High-Z 

Figure 4. Load Circuits for Output Float Delay Test (t 12 ) 
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ABSOLUTE MAXIMUM RATINGS* 

(T A = +25°C unless otherwise stated) 

V DD to DGND -0.3V, + 17V 

V ss to DGND + 0.3V, -7V 

AGND to DGND -0.3V, Vre F +0.3V 

Vcc to DGND - 0.3V, V DD + 0.3V 

Vref to AGND -0.3V, V DD + 0.3V 

AIN to AGND - 0.3V, V DD + 0.3V 

Digital Input Voltage to DGND 

(Pins 16-19, 21) -0.3V, V DD + 0.3V 

Digital Output Voltage to DGND 
(Pins 8-15, 20) -0.3V, V DD + 0.3V 


Operating Temperature Range 

Commercial (K Version) 0 to + 70°C 

Industrial (B Version) — 25°C to + 85°C 

Extended (T Version) - 55°C to 4- 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

Power Dissipation (Any Package) 

to +75°C 1 ,000mW 

Derate above + 75°C by 10mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



DIP PIN CONFIGURATION 


CAZ 

AIN 

NC 

Vref 

AGND 

DGND 

Vcc 

DB7 

DB6 

DB5 

DB4 

DB3 


E ■ 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 


AD7578 
TOP VIEW 
(Not to Scale) 


CLK 

BUSY 

BYSL 


~24| V DD 
~23[ V ss 
~22~1 NC 

B 
B 

B_ 

~18*| WR 
*17*1 CS 

Til Rb 
Til DB0 < L SB) 
TTJ dbi 
TTj DB2 


NC = NO CONNECT 


READING DATA 

The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7578 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byte-8 least significant 
bits or 4 most significant bits plus status flag-is to be read first. 

Since the AD7578 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7578 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 

1. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right- justified word. 
The status bit can be shifted into a microprocessor’s ac- 
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 20) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction to the AD7578 while a conversion 
is in progress will restart the conversion. 
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PIN FUNCTION DESCRIPTION 


PIN 

MNEMONIC 

DESCRIPTION 

1 

CAZ 

Autozero Capacitor Input. Connect other side of capacitor to AGND. 

2 

AIN 

Analog Input 

3 

N/C 

No Connect pin 

4 

Vref 

Voltage reference input. The AD7578 is specified with Vref = + 5.0V. 

5 

AGND 

Analog Ground 

6 

DGND 

Digital Ground 

7 

8-15 

Vcc 

Logic Supply. For Vcc = + 5V digital inputs and outputs are TTL compatible. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 


DATA BUS OUTPUT, CS & RD = LOW 



BYSL = HIGH 

BYSL = LOW 

Pin 8 

BUSY 1 

DB7 

Pin 9 

LOW 2 

DB6 

Pin 10 

LOW 2 

DB5 

Pin 11 

LOW 2 

DB4 

Pin 12 

DB11 (MSB) 

DB3 

Pin 13 

DB10 

DB2 

Pin 14 

DB9 

DB1 

Pin 15 

DB8 

DBO(LSB) 


'BUSY (Pin 8) is a converter status flag and is HIGH during a conversion. 
2 Pins 9-11 output a logic LOW when BYSL is HIGH. 

DB1 1-DBO are the 12-bit conversion results, DB 1 1 is the MSB. 


16 

RD 

READ input. This active LOW signal, in combination with CS, is used to enable the output data three- 
state drivers. 

17 

CS 

CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WRfor control. 

18 

WR 

WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion. 
When the AD7578 internal clock is used, the minimum WR pulse width is t2 (INT). When an 
external clock source is used, the minimum WR pulse width must be extended to include the 
autozero cycle time. For external clock operation, the minimum WR pulse width is t2 (EXT). 

19 

BYSL 

BYTE SELECT. This control input determines whether the high or low byte of data is placed on 
the output data bus during a data READ operation (CS & RD LOW). See description of pins 8- 
15. 

20 

BUSY 

BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a 
logic HIGH. 

21 

CLK 

CLOCK Input for internal/external clock operation. 

Internal : Connect Rclk and C CI K i/Cclk 2 timing components. See Figure 6 and Figure 7 . 

External : Connect external 74HC compatible clock source as shown in Figure 8. 

22 

N/C 

No connect pin. 

23 

V ss 

Negative supply, — 5V. 

24 

Vdd 

Positive supply, + 15V. 


ANALOG-TO-DIGITAL CONVERTERS 3-277 




Operating Information 

OPERATIONAL DIAGRAM 

An operational diagram for the AD7578 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
Caz and timing components Rclk» Cclki & C G lk2 for the 
internal clock oscillator. If the AD7578 is to be used with an 
external clock source, then only Caz is required. Individual pin 
functions are described in detail on the previous page. 

caz 



Figure 5. AD7578 Operational Diagram 


INTERNAL CLOCK OPERATION 

The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7578 operating waveforms are shown in 
Figure 7. 


Vco +5V 



Figure 6. Circuitry Required for Internal Clock Operation 


Between conversions ( BUS Y = HIGH) the AD7578 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 
new conversion, the autozero capacitor Caz charges to AIN - 
V 0 s where V 0 s is the input offset voltage of the autozero 
comparator. 

A minimum time of IOjjls is required for this autozero cycle. In 
applications using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto- 
matically provided by the AD7578. This is achieved by switching 
a constant current load across the clock capacitors, Cclki and 
Cclk 2 s causing the voltage at the CLK input pin to slowly 
decay from Vco This occurs after WR returns HIGH. The 
Schmitt trigger circuit monitoring the voltage on the CLK input 
ends the autozero cycle when its LOW input trigger level is 
reached. At this point, the constant current load across the 
clock capacitors is removed allowing them to charge towards 
V cc via Rclk- When the voltage at the CLK input reaches the 
HIGH trigger level, the constant current load is replaced across 
Cclki and C C lk2- The MSB decision is made when the LOW 
trigger level is reached. This cycle repeats itself 12 times to 
provide 12 clock pulses for the conversion cycle. The circuit 
arrangement of Figure 6 provides the relatively slow autozero 
cycle time at the beginning of a conversion while allowing the 
clock oscillator to speed up once the autozero cycle is complete. 

EXTERNAL CLOCK OPERATION 

For external clock operation Rclk> Cclki and C C lk2 are discarded 
and the CLK input i s driv en from a 74HC compatible clock 
source. The AD7578 WR pulse width must now be extended to 
provide the minimum autozero cycle time of IOjjls since this is 
no longer provided automatically by the AD7578. Referring to 
the operating waveforms of Figure 9, the minimum WR pulse 
width when using an external clock source is t 2 (EXT). The CS 
input must now remain valid for the extended WR pulse width. 
It is not nece ssary to synchronize the external clock source with 
the extended WR pulse width, the MSB decision being made on 
the second falling edge of the clock input after the WR input 
returns HIGH. 



Figure 8. External Clock Operation 




DECISION POINTS 


*t 2 {EXT) IS THE MINIMUM WRITE PULSE WIDTH WHEN USING 

*tj(INT) IS THE MINIMUM WRITE PULSE WIDTH WHEN USING EXTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 

INTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 


Figure 7. Operating Waveforms - Internal Clock Figure a Operating Waveforms - Externa! Clock 
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n ANALOG 

LC 2 M0S 

U DEVICES 

1 0-Bit Sampling A/D Converters 

AD7579/AD7580 


FEATURES 

20|as Conversion Time 

On-Chip Sample-Hold 

50kHz Sampling Rate 

25kHz Full-Power Input Bandwidth 

Choice of Data Formats 

Single + 5V Supply 

Low Power (50mW) 

Skinny 24-Pin DIP and 28-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7579 and AD7580 are 10-bit, successive approximation 
ADCs. They have differential analog inputs that will accept 
unipolar or bipolar input signals while operating from only a 
single + 5V supply. Input ranges of 0 to +2.5V, 0 to +5V and 
±2.5V are possible with no external signal conditioning. Only 
an external 2.5V reference and clock and control signals are 
required to make them operate. 

With conversion time of less than 20p,s and an on-chip sample-hold 
amplifier, the devices are ideally suited for digitizing ac signals. 
The maximum sampling rate is 50kHz, giving an input bandwidth 
of 25kHz. The parts are specified not only with traditional static 
specifications such as linearity and offset but also with dynamic 
specifications (SNR, Harmonic Distortion, IMD). 

The AD7579 and AD7580 are microprocessor-co mpati ble with 
stand ard microprocessor control inputs (CS, RD, WR, RDY, 
INT) and data outputs capable of interfacing to high-speed data 
buses. There is a choice of data formats, with the AD7579 
offering an (8 + 2) read and the AD7580 offering a 10-bit parallel 
word. 

Space saving and low power are also features of these devices. 
They dissipate less than 50mW from a single + 5V supply and 
are offered in a 0.3", 24-pin package and in 28-terminal plastic/ 
ceramic chip carriers for surface mounting. 


AD7579 FUNCTIONAL BLOCK DIAGRAM 



AD7580 FUNCTIONAL BLOCK DIAGRAM 


V[ 



AGND DGND 


PRODUCT HIGHLIGHTS 

1. 20(jls conversion time with on-chip sample-hold makes the 
AD7579 and AD7580 ideal for audio and higher bandwidth 
signals, e.g., modem applications. 

2. Differential analog inputs can accept unipolar or bipolar 
input signals, but only a single, + 5V power supply is 
needed. 

3. Versatile and easy-to-use digital interface has fast bus access/ 
relinquish times, allowing connection to most popular micro- 
processors. 
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CPiTpICIf* ATIHMC^ ^ dd= +5V ±5%: v ref - + 2.5V, AGND = DGND = OV;f clx = 2.5MHz ; All specifications T min to 
wi El V I ■ I v A 1 1 U NO unless otherwise noted. Test conditions as in Figure 12 unless otherwise stated). 


Parameter 

J,A 

Versions 

K,B 

Versions 

S Version 

Units 

Conditions/Comments 

STATIC CHARACTERISTICS 





These specifications apply for the 

Resolution 

10 

10 

10 

Bits 

three Analog Input Ranges. 






See Differential Applications. 

Integral Nonlinearity 

± 1 

±1/2 

± i 

LSB max 

No missing codes guaranteed over the 

Differential Linearity Error 

±0.9 

±0.9 

±0.9 

LSB max 

full temperature range 2 . 

Full-Scale Error 

±5 

±5 

±5 

LSB max 


Zero Code Error 3 

±2 

±1 

±2 

LSB max 

Connected as in Figure 1 2 . 


±3 

±2 

±3 

LSB max 

Connected as in Figure 14or 15. 

Power Supply Rejection 

±0.5 

1+ 

© 

±0.5 

LSB max 

4.75V<V dd <5.25V 

DYNAMIC CHARACTERISTICS 4 ’ 5 






Conversion Time 6 

16.9 

16.9 

16.9 

p,s min 

ficLK = 2.5MHz, t^xT* = 100ns. 


18.5 

18.5 

18.5 

|xs max 

See Functional Description. 

Sampling Rate 

50 

50 

50 

kHz max 


Clock Range 

250/2.5 

250/2.5 

250/2.5 

kHz min/MHz max 


Signal-to-Noise Ratio 

55 

55 

55 

dB min 

See Terminology. T A = 25°C. 


58 

60 

58 

dB typ 


Total Harmonic Distortion 

-58 

-58 

-58 

dB max 

T a = 25°C. 


-64 

-68 

-64 

dB typ 


Intermodulation Distortion 

-67 

-67 

-67 

dB typ 

This is characterized to both SMPTE 






imHrrTTT^ndardc T.=2*°<" 

Slew Rate 

160 

160 

160 

mV/p,s max 

See Terminology 

ANALOG INPUT RANGES 7 






Figure 12 





AD7579/AD7580 connected as in Figure 12 

Span 

Vref 

Vref 

Vref 

V max 


Common-Mode Range 

0 to Vdd 

Oto Vdd 

0 to V dd 

V max 


CMRR 

0.5 

0.5 

0.5 

LSB/Vtyp 


Figure 14 





AD7579/AD7580 connected as in Figure 14 

Span 

2 Vref 

2 Vref 

2Vr E f 

V max 


Common-Mode Range 

0 to 2 Vdd 

0 to 2 V dd 

Oto 2 Vdd 

V max 


CMRR 

0.5 

0.5 

0.5 

LSB/Vtyp 


Figure 15 





AD7579/AD7580 connected as in Figure 15 

Span 

2 Vref 

2 Vref 

2 Vref 

Vmax 


Common-Mode Range 

-Vref to 

-Vref to 

-Vref to 

Vmax 



(2Vdd~ Vref) 

(2V dd — Vref) 

(2V D d~ Vref) 



CMRR 

0.5 

0.5 

0.5 

LSB/Vtyp 


ATTENUATOR INPUT RESISTANCE 

5/15 

5/15 

5/15 

kfl min/kfl max 

lOkfl typical. Resistance measured between 






Vi N ( + )A, V IN ( + )B or V IN ( - )A, V IN ( - )B 

COMPARATOR INPUT RESISTANCE 

10 

10 

10 

Mfl min 

AD7579/AD7580 connected as in Figure 12 

REFERENCE INPUT 






Vref (For Specified Performance) 

+ 2.5 


+ 2.5 

V 

±5% 

I REF 

1.5 


1.5 

mA max 


LOGIC INPUTS 






CS, RD, WR, HBEN, CLK 






Vinl 5 Input Low Voltage 

0.8 

/ / 'V ^ • • 

0.8 

Vmax 


Vinh> Input High Voltage 

2.4 

2.4 

2.4 

V min 


Iim, Input Current 






25°C 

±1 

±1 

± 1 

p,A max 

Vi N = 0or V dd 

T min 10 Tmax 

±10 


±10 

(jlA max 

V IN = 0orV D D 

C IN , Input Capacitance 4 

10 

10 

10 

pF max 


LOGIC OUTPUTS 






DBOto DB7 (DB9) 






Vol> Output Low Voltage 

0.4 

0.4 

0.4 

V max 

IsiNK - 1 - 6mA 

Vohj Output High Voltage 

4.0 

4.0 

4.0 

V min 

Isource = 400|xA 

Floating State Leakage Current 

±1 

±1 

±10 

p-A max 

V out = 0 to Vdd 

Floating State Output 

10 

10 

10 

pF max 


Capacitance 4 






RDY, INT 






Vqlj Output Low Voltage 

0.4 

0.4 

0.4 

Vmax 

Isink = 1 -6mA 

POWER REQUIREMENT 






Vdd 

+ 5 

+ 5 



± 5% for Specified Performance 

Idd 

10 

10 



T ypically 5mA with V D d = + 5 V 

Power Dissipation 

50 

50 





NOTES 

‘Temperature Ranges as follows: 

J, K Versions; 0 to + 70°C 
A, B Versions; - 25°C to + 85°C 
S Version; -55°Cto + 125°C 
2 Zero code error and gain error adjusted to zero. 

3 Zero code error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 
4 Sample tested at 25°C to ensure compliance. 

5 These specifications apply for full-scale input signals up to 20kHz. 

6 Accuracy may degrade at conversion times other than those specified. 

7 Vin( + ) must always be equal to or more positive than Vi N (-), in Figures 12, 14, 15. 
Specifications subject to change without notice. 
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AD7579/AD7580 


TIMING SPECIFICATIONS 1 (V dd =+5V±5%,V ref =+2.5V,AGND = DGND = 0V) 


Parameter 2,3,4 

Limit at 

25°C 

(All Grades) 

Limit at 

T T 

x nun? 1 max 

G, K, A, B Grades) 

Limit at 

T • T 

x mm) x max 

(S Grade) 

Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to WR Setup Time 

t 2 

40 

50 

50 

ns min 

WR Pulse Width 

t 3 

0 

0 

0 

ns min 

CS to WR Hold Time 

*4 

100 

100 

120 

ns max 

WR to INT Propagation Delay 

t 5 

0 

0 

0 

ns min 

CS to RD Setup Time 

t 6 

tl2 

tl2 

tl2 

ns min 

RD Pulse Width 

t 7 

0 

0 

0 

ns min 

CS to RD Hold Time 

t 8 

20 

20 

30 

ns min 

HBEN to RD Setup Time 

*9 

10 

10 

10 

ns min 

HBEN to RD Hold Time 

*10 

no 

135 

150 

us min 

RDY Access Time 

til 

100 

100 

120 

ns max 

RD to INT Propagation Delay 

tl2 

no 

135 

150 

ns max 

Data Access Time After RD 

tl3 

10 

10 

10 

ns min 

Data Hold Time, RDY Hold Time 


65 

80 

90 

ns max 



NOTES 

1. Timing specifications are sample tested at + 25°C to ensure compliance. All input control signals are specified with 
t R = t F = 20ns (10% to 90% of + 5V) and timed from a voltage level of + 1.6V. 

2. t 4 , t 10 , tu and t 12 are measured with the load circuits of Figures 3 and 5 and defined as the time required for an output 
to cross 0.8V or 2.4V. 

3. 1 1 3 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 4. 

4. INT and RDY are open-drain outputs and need 3kfl external pull-up resistors for operation. 

Specifications subject to change without notice. 



Figure 1. AD7579/AD7580 Start Cycle Timing 



*INT AND RDY HAVE 3kll EXTERNAL PULL-UP RESISTORS 


Figure 2. AD7579/AD7580 Read Cycle Timing 


+ 5V 



a. V oh to High-Z b. V OL to High-Z 

Figure 4. Load Circuits for Output Float Delay (t 73 ) 

+ 5V +5V 



a. High-Z to V OL b. V OL to High-Z 

Figure 5. Load Circuit for INT Propagation Delays 
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ABSOLUTE MAXIMUM RATINGS* 

V DD to AGND - 0.3V to + 7V 

V DD to DGND + 0.3V to + 7V 

AGND to DGND -0.3V, V DD 

Digital Input Voltage to DGND .... -0.3V, V DD + 0.3V 

Digital Output Voltage to DGND . . . -0.3V, V D d + 0.3V 

CLK Input Voltage to DGND -0.3V, V DD + 0.3V 

Vref to AGND -0.3V, V DD 

Vin( 4- )A, Vjn( + )B to AGND 

(Figure 12) -0.3V, V DD +0.3V 

Vi N ( - )A, V IN ( - )B to AGND 

(Figure 12) -0.3V, V DD +0.3V 

V in ( + )A to AGND (Figure 14) -0.6V, 2V DD + 0.6V 

Vi N (-)A to AGND (Figure 14) -0.6V, 2V DD +0.6V 

Vi N ( + )A to AGND 


(Figure 15) —Vref —0.6V, 2Vdd — Vref + 0.6V 


Vin( - )A to AGND 

(Figure 15) —Vref —0.6V, 2Ve>e> — Vref +0.6V 


Operating Temperature Range 

Commercial (J, K Versions) 0 to + 70°C 

Industrial (A, B Versions) - 25°C to + 85°C 

Extended (S Version) - 55°C to + 125°C 

Storage Temperature Range -65°Cto + 150°C 

Lead Temperature (soldering, lOsec) + 300°C 

Power Dissipation (Any Package) to + 75°C 450mW 

Derates Above + 75°C by 6mW/°C 


^Stress above those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability . 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 

An ADC with 10-bit resolution can resolve one part in 2 10 
(1/1024 of full scale). For the AD7579/AD7580 operating in the 
unipolar range with 2.5V span, one LSB is 2.44mV. 

ZERO CODE ERROR 

This is a measure of the difference between the ideal (0.5LSB) 
and the actual differential analog input level required to produce 
the first positive LSB code transition (00 . . . 00 to 00 . . .01). 

FULL-SCALE ERROR 

The ideal difference between the first transition voltage and last 
transition voltage for an ADC is (F.S. -2LSB). AD7579/AD7580 
Full-Scale Error is defined as the deviation between this ideal 
difference and the measured difference. 

COMMON-MODE RANGE 

The voltage at both inputs to the AD7579/AD7580 can be raised 
above or lowered below analog ground potential, providing 
V IN ( + ) is equal to or more positive than Vin(-). Figures 12, 
14, and 15 show circuits for various Analog Input Ranges. The 
Common-Mode Range represents the voltage extremes which 
can be applied to the circuits of Figure 12, 14 or 15. For example, 
when the AD7579/AD7580 is connected as in Figure 15, the 
Common-Mode Range is -2.5V to + 7.5V. 


SLEW RATE 

Slew Rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. The 
Slew Rate performance of AD7579/AD7580 allows sampling of 
an input full-scale (2.5V pk-pk) sine wave up to 20kHz. 

SIGNAL-TO-NOISE RATIO 

Signal-to-Noise Ratio (SNR) is measured signal to noise at the 
output of the ADC. The signal is the rms magnitude of the 
fundamental. Noise is the rms sum of all nonfundamental signals 
up to half the sampling frequency. SNR is dependent on the 
number of quantization levels used in the digitization process; 
the more levels, the smaller the quantization noise. The theoretical 
SNR for a sine-wave input is given by: 

SNR =(6.02N + 1.76) dB, 

where N is the number of bits in the ADC. Thus for an ideal 
10-bit ADC, SNR = 62dB. 

INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies of 
mfa± nfb, where m,n = 0,1, 2, 3, — . Intermodulation terms are 
those for which m or n is not equal to zero. 

HARMONIC DISTORTION 

Harmonic distortion is the ratio of the square root of the sum-of- 
the-squares of the rms values of the harmonics to the rms value 
of the fundamental. For the AD7579/AD7580, Harmonic Dis- 
tortion is: 

20 log V(V 2 2 + V 3 2 + V 4 2 + V 5 2 +V 6 2 ) dB, 

V, 

where Vi is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 , V5, V 6 are the rms amplitudes of the individual harmonics. 
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AD7579/AD7580 


ORDERING INFORMATION 1 ’ 2 

I Temperature Range and Package Options 3 


INL 

Plastic DIP 
(N-24) 

Oto +70°C 

Hermetic DIP 
(Q-24) 

— 25°C to +85°C 

Hermetic DIP 
(Q-24) 

- 55°C to + 125°C 

PLCC 4 

(P-28A) 

Oto +70°C 

LCCC 5 

(E-28A) 

-55°Cto+125°C 

± 1LSB 
± 1/2LSB 

AD7579JN 

AD7579KN 

AD7579AQ 

AD7579BQ 

AD7579SQ 

AD7579JP 

AD7579KP 

AD7579SE 


Temperature Range and Package Options 3 


INL 

Plastic DIP 
(N-24) 

Oto +70°C 

Hermetic DIP 
(Q-24) 

— 25°C to + 85°C 

Hermetic DIP 
(Q-24) 

— 55°C to + 125°C 

PLCC 4 

(P-28A) 

Oto +70°C 

LCCC 5 

(E-28A) 

-55°Cto +125°C 

± 1LSB 
± 1/2LSB 

AD7580JN 

AD7580KN 

AD7580AQ 

AD7580BQ 

AD7580SQ 

AD7580JP 

AD7580KP 

AD7580SE 


NOTES 

*To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 Analog Devices reserves the right to ship ceramic (package outline D-24A) packages 
in lieu of cerdip (package outline Q-24) packages. 

3 See Section 14 for package outline information. 

4 PLCC: Plastic Leaded Chip Carrier. 

S LCCC: Leadless Ceramic Chip Carrier. 


V,N( + )A[T 

V,n( + )b[T 
v in (-)a[T 

V, N (-)b(T 

v.„|T 

AGND [~6~ 
CS [T 
WR [T 
RD f~9~ 

Int [17 

clkJjmT 

dgndQT 


DIP 


17] Vpp 

17] I.C. 

H] DB7 
~21~|PB6 
~2o]dB5 
17]dB4 
17]dB3 
17]dB2 
17] DB1 

17] DBO (LSB) 

17] RDY 

17] HBEN 


PIN CONFIGURATIONS 
LCCC 


2 2 z o 


3 2 1 28 27 



I 3 

NC = NO CONNECT 


PLCC 



] DB3 
] DB2 
I DB1 


V, n ( + )a[T * 

Vin( + )B f~2~ 
Vin( ~ )A [~7~ 
Vin( — )b{~4~ 

Vr E f[T 
agnd|T 
CS [T 

WR [T 
RD [~9~ 

INT [IT 
clk|!T 
dgndQT 




TOP VIEW 
(Not to Scale) 


17] V DD 
11]dB9 (MSB) 
17] DB8 
~7T] DB7 
17]dB6 
17] DB5 

17] DB4 

17] DB3 
17] DB2 
17]dbi 
17] DBO (LSB) 

17] RDY 


1 ~! O § S S 

> > > z > d a 


3 2 1 28 27 26 



in a a 


NC = NO CONNECT 
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PIN FUNCTION DESCRIPTION (DIP PACKAGE) 


Mnemonic 

Pin Number Description 

AD7579 AD7580 

Mnemonic 

Pin Number Description 

AD7579 AD7580 

Vin(,+ )A 

1 

1 

Analog Input Pin. 

DGND 

12 12 

Digital Ground. 

Vin( + )B 

2 

2 

Analog Input Pin. 

HBEN 

13 

High Byte Enable Input. Used 

Vjn(-)A 

3 

3 

Analog Input Pin. 



in AD7579 for 2 Byte Reading. 

Vin(-)B 

4 

4 

Analog Input Pin. The four 



See Tables II, IV. Either the 




analog input pins connect to 



High Byte or the Low Byte 




the on-chip input attenuator 



may be read first. 




(see Figure 6) and may be 

RDY 

14 13 

Open Drain Output. This is 




configured as in Table I for 



accessed during Read Cycle. 




various input ranges. 



When accessed, it is low during 

Vref 

5 

5 

Vref Input. This is nominally 



conversion and high impedance 




+ 2.5V. 



when conversion is complete. 

AGND 

6 

6 

Analog Ground 

DB0-DB7 

15-22 - 

Three- State Data Outputs on 

CS 

7 

7 

Chip Select Input. 



AD7579. The data format is 

WR 

8 

8 

Write Input. Used with CS to 



right justified. 




start conversion. See Tables 

DB0-DB9 

14-23 

Three-State Data Outputs on 




II, III. _ 



AD7580. 

RD 

9 

9 

Read Input. Used with CS to 

I.C. 

23 

Internal connection. This pin 




read data. See Tables II, III. 



is connected internally on the 

InT 

10 

10 

Open Drain Output. High 



AD7579. It should be left 




impedance during conversion. 



open and not used as a feed- 




Goes low when conversion is 



through pin in double-sided 




complete. 



printed circuit boards. 

CLK 

11 

11 

Clock Input. 

Vdd 

24 24 

Positive Power Supply. This is 


+ 5V nominal. 


Analog Input 

Connections 


CS 

WR 

R5 

HBEN 

Function 

Range 

V,n( + )A 

V,n( + )B 

V,n<-)A 

V in (-)B 

Span 

Range 1 

X 

X 

X 

Not Selected 

Figure 12 

V IN (+) 

Vin( + ) 

Vin(-) 

Vin( — ) 

2.5V 

0V to + 5 V J 

l 

ur 

l 

l 

X 

X 

Selected, WAIT for WR, RD 
Start Conversion on~^ of WR 

Figure 14 

Vin( + ) 

AGND 

Vin(-) 

AGND 

5V 

OVto + lOV o 

i 

0 

0 

Enable ADC Data (8 LSBs)* 

Figure 15 

Vin( + ) 

Vref 

Vin( — ) 

Vref 

5V 

- 2.5V to + 7.5V 0 

i 

0 

1 

Enable ADC Data (2 MSBs)* 


*Data is Right Justified. 


Table I. Analog Input Ranges Table II. AD7579 Truth Table 


CS 

WR 

RD 

Function 

1 

X 

X 

Not Selected 

0 

l 

1 

Selected, WAIT for WR, RD 

0 

U 

1 

Start Conversion on*^, ofWR 

0 

1 

0 

Enable ADC data (10 Bits) 


Table III. AD7580 Truth Table 


CIRCUIT INFORMATION 
ANALOG INPUT CIRCUITRY 

The AD7579 is a 10-bit ADC with an (8 + 2) output bus structure 
designed for 8-bit microprocessor systems. The AD7580 is a 10- 
bit ADC with a 10-bit parallel output bus structure. The ADC 
circuitry is identical in both parts. Block diagrams are shown on 
the first page of this data sheet. 

Figure 6 shows the input circuitry to the ADC comparator. 

This comparator has differential inputs which are accessed through 
the attenuator networks made up of resistors R. The attenuators 
can be used to scale and offset analog input voltages, and this is 
done in Figures 14 and 15 to alter the basic ADC input range. 
The analog inputs to the comparator are differential with the 
provisos that V + is always greater than or equal to V — , V - is 


HBEN 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DBI 

DBO 

LOW 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

HIGH 

EOC* 

0 

0 

0 

0 

0 

DB9 

DB8 


*EOC is an internal End of Conversion flag. 


Table IV. AD7579 Output Data Format 


greater than or equal to AGND and that V + is less than or 
equal to V DD . These conditions must be satisfied when using 
the ADC in any of the voltage ranges. 



Figure 6. AD7579/AD7580 Input Circuit 
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AD7579/AD7580 


Figure 7 shows an ac equivalent input circuit for the AD7579/ 
AD7580 when used in the 2.5V Unipolar Mode of Figure 12. 
The ADC comparator is a sampled data comparator and the 
input circuitry for this is represented by S A , Req and C A . Req is 
a combination of the switch-on resistance and the input impedance 
of the comparator. When conversion starts, V IN ( + ) is sampled 
for at least (2tcLK + twR + 200ns) before the comparator goes 
into the hold mode. This means that the analog input has a 
minimum of l.l|xs (fcLK = 2.5MHz, t w = 100ns) to settle 
before the comparator makes a decision. By using the typical 
values in Figure 7 for R, Req and C A , the input time constant is 
50ns. Settling to ± 1/4LSB in a 10-bit system takes 8.3 time 
constants or 415ns in this case. This means that V rN ( + ) has 
plenty of time to settle before the ADC comparison cycle begins. 
It is important to remember that any source resistance or source 
capacitance appearing at the input will also increase the settling 
time and this should be kept to a minimum in all cases. 


R 

5kil 


V,„( + )A. O— 
V, n ( + )B 

~nr 

X 05pF 


SAMPLING SWITCH, 

CLOSED REQ 

^ S A 2.5kll 

W / _ \ A 

VAGND 

R 

5ki! 

-r- lOpF 

V, n (-)B 

-L Cs 
~P 0.5pF 


VAGND 


V A GND 




Figure 7. AD7579/AD7580 Equivalent Input Circuit During 
Sampling 

With a 2.5MHz clock, the AD7579/AD7580 has a maximum 
conversion time of 18.5fxs. If l|xs is allowed for reading the data 
outputs, the maximum sampling rate for the device is 50kHz. 
This means that the maximum analog input frequency is 25kHz 
according to the Nyquist theory. The ADC input impedance in 
the Unipolar Configuration of Figure 12 is lOMfl. A medium 
bandwidth op amp will drive this at 25kHz. When the input 
attenuators are used for signal conditioning, the input impedance 
is lOkD. The drive requirements on the amplifier will now be 
greater but any errors resulting will be gain errors only. Suitable 
op amps for driving the AD7579/AD7580 in any of the input 
configurations are the AD711, AD OP-27, AD544. These will 
deliver specified device performance over the input bandwidth. 

REFERENCE INPUT 

The AD7579/AD7580 V REF input is connected to the on-chip 
DAC. The input impedance of this is code dependent and the 
greatest variation occurs when the DAC resistors are at their 
lower limit. In this case, the impedance changes from 1.75kfl to 
5.25kfl as the DAC is switched. To ensure that the error during 
conversion is less than 1/2LSB, the Reference output impedance 
should be less than 1 ft. References which satisfy this are the 
AD580 (shown in Figure 8) and the AD 1403 from Analog Devices. 
If a trimmable reference such as the AD584 is used, it is possible 
to trim out the ADC full-scale error by adjusting the reference 
output. 


INTERNAL SAMPLE-AND-HOLD 

When an ADC without sample-and-hold is used to digitize ac 
signals, the analog input must not change by more than 1/2LSB 
during the conversion. This puts severe limitations on the allowable 
input signal bandwidth to such devices. A sample-and-hold 
amplifier must be used in front of the ADC if increased bandwidth 
is required. The charge balanced comparator used in the AD7579/ 
AD7580 for the A/D conversion provides the user with an inherent 
sample-and-hold function. The ADC is specified to work with 
sampling rates up to 50kHz. This rate allows time to do a conversion 
and read the result into memory. Since at least two samples are 
needed to define an input sine wave according to the Nyquist 
theory, the analog input signal bandwidth for the AD7579/AD7580 
is 25kHz. Figures 20, 21 and 22 show the performance of the 
ADC when digitizing ac signals. 


V DD = +5V 



Figure 8. Using the AD580 as the Reference for the 
AD7579/AD7580 

While the AD7579/AD7580 is converting, V + (see Figure 6) is 
held and V- is being tracked. This limits the rate of change, 
dv /dt, on V IN ( — ). For example, if the Common-Mode frequency 
is 60Hz, then the allowable amplitude of this to introduce no 
more than 1/2LSB linearity error is 160mV pk-pk. As the Common- 
Mode frequency increases, this allowable amplitude decreases. 
Figure 9 shows how a lOOmV pk-pk Common-Mode signal 
affects linearity error as its frequency is increased up to 1kHz. 



Figure 9. AD7579/AD7580 Error vs. Common-Mode 
Frequency 
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CLOCK INPUT 

The AD7579/AD7580 is specified to operate with a 2.5MHz 
clock on the CLK input pin. This pin may be driven directly 
by CMOS or TTL buffers. The mark/space ratio on the clock 
can vary from 40/60 to 60/40. As the clock frequency is slowed 
down, it can result in slightly degraded accuracy performance. 
This is due to leakage effects on the hold capacitor in the internal 
sample-and-hold. Figure 10 is a typical plot of accuracy versus 
clock frequency for the ADC. 



Figure 10. Normalized Linearity Error vs. Clock Frequency 
FUNCTIONAL DESCRIPTION 

Figure 11 shows the events sequence when the AD7579/AD7580 
is converting. The device is selected when CS goes low and the 
first phase of conversion begins when WR goes low. This is an 
initializaton phase and causes the internal DAC to be set to full 
scale, comparators set to auto-zero and V + (see Figure 6) to be 
sampled. The second phase begins some time after WR goes 
back high. This time can vary between 0 and 4 clock periods 
and depends on the state of an on-chip divide-by-4 counter 
which is used for internal synchronization. This is the start of 
the successive approximation procedure. V 4- is held after 2-1/2 
clock periods have elapsed. V - is sampled and the DAC output 
is switched into the comparator. There is (1-1/2 xtcut) left for 
comparison tind then the MSB result is latched. The MSB test 
takes 4 clock cycles as do each of the succeeding bit tests. Thus, 
the successive approximation always takes 40 clock cycles. 


LSB DECISION 
LATCHED 
MSB DECISION I END OF 

LATCHED I / CONVERSION 



-START CONVERSION 


■u 


INT 


Figure 1 1. AD7579/AD7580 Conversion Sequence 

When all the bits have been tested, the SAR holds a 10-bit 
word representing the input signal. After a further 2 clock cycles 
this is transferre d to a three state output latch, and three internal 
flag bits (RDY, INT, EOC) are set. The user can ac cess t he 
data outputs by bringing RD and CS low. RDY and INT are 
both open drain outputs with RDY acces sed by RD and INT 

being permanently available. When INT is loaded with the 

circuit of Figure 5(a), it typically takes 60ns to reach Vql- EOC 



is only available on the AD7579 (see Table V). It appears on 
DB7, when reading the high Byte. 

When the ADC is finished the conversion, the conditions of 
V + , V - and the comparators are main taine d and the ADC is 
now ready to start a new conversion. If WR and CLK are asyn- 
chronous, the total time from start to end of conversion is variable. 
Minimum conversion time is (twR + 42 tcLic)* and maximum 
conversion time is (twR + 46 Iclk)- 
APPLYING THE AD7579/AD7580 
The AD7579/AD7580 has a flexible input stage consisting of 
two input attenuators. It is possible to realize various analog 
input ranges by reconfiguring these attenuators. The follow- 
ing diagrams show the ADC connected in the most popular 
configurations. 

DIFFERENTIAL APPLICATIONS 

Figure 12 shows the AD7579/AD7580 connected in the standard 
unipolar mode. Figure 13 and Table V show the ideal input/output 



OUTPUT 

CODE 



Differential Analog 
Input, Volts 

Digital Output 
DB9 DB0 

+ 0.000 

00 0000 0000 

^ + 0.00244 

v 00 0000 0001 ^ 

'V 1.24756 

oi mi mi " 

+ 1.25 

10 0000 0000 

( +1.25244 

10 0000 0001 

n 

+ 2.49512 

n nil mo 

+ 2.49756 

li nil nil 


Table V. Input/Output Code Table for Figure 12 
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transfer characteristic and the input/output code table respectively. 
Code transitions occur between successive integer LSB values 
(i.e., 1/2LSB, 3/2LSBs, etc.). The output code is straight binary 
with 1LSB = FS/1024 = 2.5/1024V = 2.4mV. The input 
voltage span is 2.5V and the common-mode range is OV to 
+ 5V, when V DD = 5V. This means that the lowest voltage 
which can be tolerated at any of the analog inputs is OV, and 
the highest voltage which can be tolerated is + 5V. 

Figures 14 and 15 show the input attenuators on the AD7579/ 
AD7580 configured to change the basic range of the device. A 
5V range can be configured by grounding one end of each at- 
tenuator and applying the differential input to the other ends. 
This is shown in Figure 14. The span is 5V and the common-mode 
range is 0 to 4- 10V. In Figure 15, one end of each attenuator is 
tied to V REF (2.5V), and this allows each of the other legs to go 
to —2.5V without causing the comparator input to go negative. 
Assuming Vref is 2.5V, the span of this circuit is 5V and the 
common-mode range is —2.5V to + 7.5V. Note that reducing 
Vdd below 5 volts causes a corresponding reduction in CMR. 
See Specifications page for full details. 

V D0 =+5V 


V,n( + ) - V 1N ( - ) OUTPUT CODE 

OV 00 0000 0000 

0.00488V 00 0000 0001 

2.500V 10 0000 0000 

4.99512V 11 HU 1111 


’DECOUPLING CIRCUITRY AND CONTROL CIRCUITRY 
AS IN FIGURE 12 




Figure 15. 5V Span with -2.5V to + 7.5V CMR 



Figure 16. Single-Ended Bipolar Operation, -2.5V 
to +2.5V 


AD7579/AD7580 


SINGLE-ENDED APPLICATIONS 

In many cases, users of the AD7579/AD7580 will want to measure 
single-ended input voltages (i.e., ground referred signals). The 
circuits of Figures 12, 14 and 15 can be easily adapted to accept 
such signals. If Vin( — ) in Figure 12 is tied to AGND, then the 
analog input range is 0V to + 2.5V. By connecting Vi N (-) of 
Figure 14 to AGND, the analog input range becomes OV to 
+ 5V. Figure 15 can be modified as in Figure 16 to accept input 
voltages in the range -2.5V to +2.5V. Each of these circuits 
are special cases of the Differential Input circuits and are achieved 
by making the negative input to the internal comparator equal 
to AGND. 

OFFSET AND FULL-SCALE ADJUSTMENT 

Figure 17 shows the AD7579/AD7580 connected in the single- 
ended Unipolar 2.5V range with offset and full-scale calibration 
circuitry. The zero error of the ADC is the deviation of the 
actual LSB transition from the ideal LSB transition. In many 
cases, the zero of the ADC will not need adjustment. When it 
does, R1 in Figure 17 provides 25mV of adjustment which is 
sufficient to null out both the op amp and ADC offset error. 
Resistors R3 and R4 bias V IN (-) to approximately 8m V and 
ensure that the offset error is never positive. This allows the 
error to be nulled in the single supply system of Figure 17. 
Apply +0.5LSB to V IN and adjust R1 until the ADC output 
code flickers between 00 000 and 00 001. 



For full-scale calibration, apply a voltage of (2.5V - 1.5LSB) to 
V IN . Then adjust R2 until the output code flickers between 1 1 

110 and 11 111. When the full-scale calibration is 

complete, return to the offset adjustment procedure and check 
that further adjustment is not necessary. 



Figure 17. Offset and Full-Scale Calibration for Single- 
Ended Circuit 
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Figure 18a. AD7579/AD7580 and AD625 in a Data Figure 18b. AD7579/AD7580 and AD648 in a Data 

Acquisition System Acquisition System 


AD7579/AD7580 IN DATA ACQUISITION SYSTEMS 

The AD7579/AD7580 is suitable for many data acquisition 
circuits. Figure 18a shows one such circuit in which a load cell 
is used to produce a signal in response to an applied force. 
Typically these transducers produce 30m V full scale per volt of 
excitation. Since the excitation in this case is 2.5V, the output 
from the load cell is ±75mV when the maximum specified force 
is applied. The AD625 Instrumentation Amplifier is set for a 
gain of 33.33 which means that the input signal to the ADC is 
±2.5V. Thus, the AD7579/AD7580 is configured in the single- 
ended, ±2.5V range of Figure 16. When no force is applied to 
the load cell, the ADC output will sit at mid-scale. With maximum 
negative force applied the ADC output will be all zeros; whereas, 
with maximum positive force the output will be all Is. Offset 
and gain calibration of this system can be accomplished by 
trimming the offsets and gain of the instrumentation amplifier. 

Figure 18b shows a differential transducer unbalanced by «=10fl 
supplying a 0 to 20m V maximum signal. The resistors are chosen 
for a gain of 125, and the ADC is configured to accept 0 to 
2.5V differential signal. This is a lower-cost alternative to using 
an instrumentation amplifier. 

Note that in the circuits of Figure 18, Vref for the ADC and 
the excitation voltage for the load cell are both + 2.5V. If the 
same reference drives both these points, then the ADC operation 
is ratiometric which eliminates system errors due to reference 
drift. The main reason why the same reference would not be 
used to drive both load cell and ADC is physical location. When 
the load cell is remote from the ADC circuitry, it might not be 
practical to have the same drive for both circuits. 

APPLICATIONS HINTS 

Layout : To obtain the best performance from the AD7579/AD7580, 
lay it out on a printed circuit board. Digital and analog lines on 
the board should be separated as much as possible. In particular, 
take care not to run any digital track adjacent to an analog 
signal track or underneath the AD7579/AD7580. The analog 
inputs should be screened by AGND. 


Grounding : Establish a single-point analog ground (STAR ground) 
at Pin 6 (AGND) or as close as possible to the AD7579/AD7580. 
This is shown in Figure 19. Pin 12 (AD7579/AD7580 DGND) 
and all other analog grounds should be connected to this single 
analog ground point. However, do not connect any other digital 
grounds to this analog ground point. Low impedance analog 
and digital power supply returns are essential to low noise operation 
of the ADC and these tracks should be kept as wide as possible. 

Noise: Input signal leads to Vin( + )A, Vin( + )B, Vin(-)A, 

Vin( - )B and signal return leads from AGND (Pin 6) should be 
kept as short as possible to minimize input noise coupling. In 
applications where this is not possible a shielded cable between 
source and ADC is recommended. 



Figure 19. Power Supply Grounding Practice 
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AD7579/AD7580 


DIGITAL SIGNAL PROCESSING APPLICATIONS 

In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dynamic 
characteristics (SNR, Harmonic Distortion, Intermodulation 
Distortion) of ADCs are critical. For this reason, the AD7579/ 
AD7580 is specified dynamically as well as with standard D.C. 
specifications (linearity error, offset error, etc.). 

Figure 20 shows a 2048 point FFT plot of an AD7579/AD7580 
with an input signal of 3.58kHz. The SNR is 60.1dBs. The 
largest harmonic appears at 2f 0 (7.16kHz) and is 70dB down 
from the fundamental. Harmonics above 3fo are in the noise 
floor. Note that when SNR is calculated, it includes harmonics. 



FREQUENCY 

Figure 20. AD7579/AD7580 Spectral Response 

If these were excluded the SNR figure would be closer to the 
ideal of 62dB for a 10-bit ADC. The relationship between Signal- 
to-Noise Ratio (SNR) and ADC resolution is expressed in the 
following equation: 

SNR = (6.02N + 1.76)dB 

This is for an ideal ADC with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By working 
backwards in the above equation it is possible to get a measure 
of ADC performance expressed in effective number of bits. This 
is shown over frequency in Figure 21 for the AD7579/AD7580. 
The effective number of bits typically falls between 9.7 and 9.8 
corresponding to SNRs of 60.0 and 60.6dBs. 



0 5 10 15 20 25 

INPUT FREQUENCY - kHz 


Figure 21. AD7579/AD7580 Effective Number of Bits 


When a sine wave of specified frequency is applied to the AD7579/ 
AD7580 and several thousand samples are taken, it is possible 
to plot a histogram showing the frequency of occurrence of each 
of 1024 ADC codes. A perfect ADC would produce a cusp 
probability density function described by the equation 

PW = (A 2 Z V 2)>'2 

A is the peak amplitude of the sine wave and p(V) the probability 
of occurrence at the voltage V. If a particular step is wider than 
the ideal width, then the code associated with that step will 
accumulate more counts than the code for an ideal step. Likewise, 
a step narrower than ideal width will have fewer counts. Missing 
codes are easily seen because a missing code means zero counts 
for a particular code. The absence of large spikes in the histogram 
indicates small differential nonlinearity. The actual histogram 
obtained is shown in Figure 22 and corresponds very well with 
the ideal cusp shape. It shows that the AD7579/AD7580 has 
very small differential nonlinearity and no missing codes with an 
input frequency of 25kHz. 



256 512 768 1023 

CODE 


Figure 22. Histogram Plot for AD7579/AD7580 

Whenever the AD7579/AD7580 is used to sample ac signals, it 
is essential that the signal sampling occurs at exactly equal intervals. 
This minimizes errors due to sampling uncertainty or jitter. The 
WR command for the AD7579/AD7580 needs to be synchronized 
with the CLK input to ensure equal interval sampling. 

Two conditions must be satisfied to ensur e pro per synchronization: 
1) The time interval between successive WR signals needs to be 
long enough to allow a conversion to finish and the data to be 
read into memory. 2) Because of the internal operation of the 
ADC, the number of clock pulses between successive write 
signals must be a multiple of four. 

The conversion time for the AD7579/AD7580 has a maximum 
value of (twR + 46 tp *)■ If 4 tc LK is allowed for reading the 
data outputs into a buffer then the interval between successive 
WR signals must be at least 50 tcLK* The easiest way to satisfy 
both this require ment and number 2 above is to divide fc LK by 
64 to produce the WR signal. Alternatively, if a programmable 
timer/counter on a processor board is available, then it will be 
possible to easily divide fcLK by 52. 
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MICROPROCESSOR INTERFACING 
Reading Data 

Conversion is started in the AD7579/AD7580 by bringing WR 
low. It is recommended that the user wait until conversion is 
complete before reading data. This can be achieved in any of 
the following ways: 

1. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. Use the externally available INT signal to interrupt the 
microprocessor. This is an open drain output which goes low 
at the end of conversion. 

3. On the AD7579, it is possible to interrogate the EOC status 
flag (See Table IV) to determine when conversion is complete. 
Reading may then proceed. 

MC68000 Interface 

Figure 23 shows an interface diagram for the AD7580 and the 
MC68000. The address decoding means that the AD7580 is a 
memory mapped device. For example, if the AD7580 is memory 
mapped as address COOOH, then a write instruction to this 
address will start a conversion, i.e., 

MOVE.W DO COOO 

starts a conversion. When the conversion is complete, the MC68000 
acquires the result by reading from COOOH, i.e., 

MOVE.W COOO, DO. 



Figure 23. MC68000 to AD7580 Interface 


8088 Interface 

The AD7579, with its (8 + 2) data format, is ideal for use with 
the 8088 microprocessor. Figure 24 is the interface diagram. 
Again, a write instruction is required to start a conversion and a 
read at the end of conversion reads data into the processor. For 
the 8088 the appropriate instructions are: 

MOV COOO , AX Start a conversion 
MOV AX, COO 1 Read 2 MSBs of data 

MOV AX, COOO Read 8 LSBs of data 



Figure 24. 8088 to AD7579 Interface 


TMS32020 Interface 

Figure 25 shows the AD7580 to TMS32020 interface. OUTA,PA 
starts a conversion and INA,PA reads data from the ADC when 
conversion is complete. PA is the Port Address. 



Figure 25. TMS32020 to AD7580 Interface 
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AD7579/AD7580 


PRINTED CIRCUIT BOARD LAYOUT 

Figure 26 is a circuit diagram showing the AD7579 or AD7580 
being used to digitize an analog signal. The circuit board contains 
the ADC, reference, and a grid where the user can add additional 
circuitry. If the AD7580 is used, then links L6 and L8 should 
be inserted; and if AD7579 is used, L7 should be inserted with 
L6 and L8 omitted. Note that Pins 13 to 23 are not labelled. 
Depending on which ADC is used the function of these pins 
changes. See the Pin Function Description section for full 
details. 

Links LI to L5 at the analog input allow the user to choose 
various analog input ranges. With LI, L2 and L3 in place and 
the others omitted, the input range is OV to +2.5V. Omitting 
L3 allows the user to measure input voltages which have a common- 
mode signal. The OV to + 5V range is achieved by inserting L2, 
L3 and L4 and omitting LI and L5. With L2, L3 and L5 in 
place and LI, L4 omitted, the Analog input range is -2.5V to 
+ 2.5V. 


IC2 (AD580) provides the + 2.5V reference for the ADC. All 
the input and output control signals enter and leave the board 
through Jl, which can be a Eurocard connector or a standard 
edge connector. Resistors R1 and R2 are the pull-ups required 
for the RDY and INT open-drain outputs. Note that the complete 
circuit operates from a + 5V power supply. 

The printed circuit board layout is shown in Figures 27 and 28. 
Figure 27 is the component side layout and Figure 28 is the 
solder side layout. The component overlay is shown in Figure 29. 

In the layout, the AD580 is kept as close to the AD7579/AD7580 
as possible. The STAR ground point is located at Pin 6 (AGND) 
of the ADC. Pin 12 (DGND), reference ground and the analog 
ground plane are connected to this point. 

To ensure optimum performance, the AD7579/AD7580 power 
supply is decoupled with Cl and C2. The Vre F input to the 
ADC is decoupled with C3 and C4. Note how all the decoupling 
capacitors are placed as close as possible to the ADC. 


Jl 
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AD7579/AD7580 



AD7579/AD7580 BOARD 




Figure 29. Component Overlay for Circuit of Figure 26 
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□ ANALOG 
DEVICES 


AD7581 


CMOS jxP-Gompatjble 
8-Bit, 8-Channel DAS 


FEATURES 
8-Bit Resolution 

On-Chip 8X8 Dual-Port Memory 
No Missed Codes Over Full Temperature Range 
Interfaces Directly to Z80/8085/6800 
CMOS, TTL Compatible Digital Inputs 
Three-State Data Drivers 
Ratiometric Capability 
Interleaved DMA Operation 
Fast Conversion 

A/D Process Totally Transparent to ptP 
Low Cost 


GENERAL DESCRIPTION 

The AD7581 is a microprocessor compatible 8 bit, 8 channel, 
memory buffered, data-acquisition system on a monolithic 
CMOS chip. It consists of an 8 bit successive approximation 
A/D converter, an 8 channel multiplexer, 8 X 8 dual-port 
RAM, three-state DATA drivers (for interface), address latches 
and microprocessor compatible control logic. The device inter- 
faces directly to 8080, 8085, Z80, 6800 and other micro- 
processor systems. 

The successive approximation conversion takes place on a 
continuous, channel sequencing, basis using microprocessor 
control signals for the clock. Data is automatically transferred 
to its proper location in the 8X8 dual-port RAM at the end 
of each conversion. When under microprocessor control, a 
READ DATA operation is allowed at any time for any channel 
since on-chip logic provides interleaved DMA. The facility to 
latch the address inputs (Ao - A 2 ) with ALE enables the 
AD7581 to interface with jUP systems which feature either 
shared or separate address and data buses. 


AD7581 FUNCTIONAL BLOCK DIAGRAM 


Vdd Vref Bqfs 



ORDERING INFORMATION 


Differential 

Nonlinearity 

Temperature Range 
and Package Options* 

Plastic (N-28) 

0 to +70° C 

Hermetic (D-28) 
-25°C to +85°C 

±1 7/8LSB 

AD7581JN 

AD7581AD 

±7/8LSB 

AD7581KN 

AD7581BD 

±3/4LSB 

AD7581LN 

AD7581CD 


♦See Section 14 for package outline information. 
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DC SPECIFICATIONS ,, 


+ 5V, V REF = - 10V, Unipolar Operation, unless otherwise stated) 




Typical at 

Limit Over 



Parameter 

Version 1 

+25°C 

Temperature 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

All 

8 

8 

Bits 


Relative Accuracy 

JN, AD 

±1 7/8 

±1 7/8 max 

LSB 



KN, BD 

±3/4 

±3/4 max 

LSB 



LN, CD 

±1/2 

±1/2 max 

LSB 


Differential Nonlinearity 

JN, AD 

±1 7/8 

±1 7/8 max 

LSB 



KN, BD 

±7/8 

±7/8 max 

LSB 



LN, CD 

±3/4 

±3/4 max 

LSB 


Offset Error 2 

JN, AD 

200 

200 max 

mV 

Adjustable to zero, see Figure 7a. 


KN, BD 

80 

80 max 

mV 



LN, CD 

50 

50 max 

mV 


Gain Error 






Worst Channel 

JN, AD 

±3 

±6 max 

LSB 

Adjustable to zero, see Figure 7a. 


KN, BD 

±2 

±4 max 

LSB 

Gain Error is Measured After Offset 


LN, CD 

±1 

±2 max 

LSB 

Calibration. Max Full Scale Change 
for Any Channel from +25°C to 






T . or T is ±2LSB. 

min or 1 max 

Gain Match Between Channels 

JN, AD 

2 

3 max 

T CO 

LiDD 

Adjustable to zero, see Figure 7a. 


KN, BD 

1 1/2 

2 max 

LSB 



LN, CD 

1 

1 max 

LSB 


Bqfs Ga i n 

All 

-2 1/2 

- 

LSB 


ANALOG INPUTS 






Input Resistance 






At Vref (pin 10) 

All 

10/20/30 

10/20/30 

kQ min/typ/max 


At Bqfs (pin i ) 3 

All 

10/20/30 

10/20/30 

kfi min/typ/max 


At Any Analog Input (pins 2-9) 

All 

10/20/30 

10/20/30 

kQ min/typ/max 


Vref (E°r Specified Performance) 

Yref Ran g e * 

All 

-10 

-10 

V 

±5% 

All 

-5 to -15 

-5 to -15 

V 


Nominal Analog Input Range 






Unipolar Mode 

All 

0 to +Vref> 

0 to +Vref 

V 

See Figure 7 and 8. 



0 to -Vref 

0 to -Vref 

V 


Bipolar Mode 

All 

-VBqfs ^ VArsj < IVref 1 -VBqfS 

See Figure 9 

DIGITAL INPUTS 






CS (pin 13), ALE (pin 16), Ao - A2 






(pins 17-19), CLK (pin 15) 






Vjnh Logic HIGH Input Voltage 

All 

+2.2 

+2.4 min 

V 


Vine Logic LOW Input Voltage 

All 

+1.2 

+0.8 max 

V 


IjN Input Current 

All 

0.01 

1 max 

liA 

V!N = 0V,V DD 

Cin Input Capacitance 5 

All 

4 

5 max 

pF 


DIGITAL OUTPUTS 






STAT (pin 12), DB 7 to DB 0 (pins 20-27) 





Vqh Output HIGH Voltage 

All 

+4.8 

+4.5 min 

V 

Source = 4 °mA 

Vql Output LOW Voltage 
li.Kn DB 7 to DBo Floating State 

All 

+0.4 

+0.6 max 

V 

is ink = 1.6mA 

Leakage 

Floating State Output Capacitance 

All 

0.3 

10 max 

ma 


(DB 7 -DB 0 ) 

All 

5 

10 max 

pF 

VquT = 0V to Vj)D 

Output Code 

All 

Unipolar Binary Figure 7 





Complementary Binary Figure 8 




Offset Binary Figure 9 



POWER REQUIREMENTS 






V DD 

All 

+5 

+5 

V 


Idd “ Static 

All 

3 typ 

5 max 

mA 


Idd “ Dynamic 

All 

3 typ 

8 max 

mA 

fcLK = lMHz 


NOTES 

1 Temperature range as follows: JN, KN, LN (0 to +70°C), AD, BD, CD (-25°C to +85°C). 

2 Typical offset temperature coefficient is ±150juV/°C. 

3 R BOFS/ R AIN (°~ 7 ) mismatch causes transfer function rotation about positive full scale. The effect is an offset 
and a gain term when using the circuits of Figure 8a, and Figure 9a. 

4 Typical value, not guaranteed or subject to test. 

8 Guaranteed but not tested. 

6 Typical change in Bqfs gain from +25° C to T m j n or T max is ±2LSBs. 

Specifications subject to change without notice. 
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AC SPECIFICATIONS «„.+»>, 


- 10V, Unipolar Operation, unless otherwise stated) 


AD7581 


Symbol 

Specification 

Typical at 
425°C 

Limit Over 
Temperature 

Units 

Conditions 

tH 

ALE pulse width 

50 

80 min 

ns 

See “Switching Terminology” 

*ALS 

Address valid to latch set-up time 

45 

70 min 

ns 

on page 5 

*ALH 

Address valid to latch hold time 

10 

20 min 

ns 

*LCS 

Address latch to CS set-up time 

10 

20 min 

ns 


*ACC 

CS to output propagation delay 

200 

250 max 

ns 

C L = lOOpF 

tew 

CS pulse width 

250 

280 min 

ns 


tCF 

CS to output float propagation delay 

50 

80 max 

ns 


tCLZ 

CS to low impedance bus 

100 

150 max 

ns 


f CLK 

Clock frequency for stated accuracy 

1600 

1200 max kHz 

1 Guaranteed conversion time of 66.6/us/channel with 1200kHz clock. 


ABSOLUTE MAXIMUM RATINGS 


V DD to AGND 4 7V 

V DD to DGND +7V 

AGND to DGND -0.3V, V DD 

Digital Input Voltage to DGND 

(Pins 13, 16-19) -0.3V, V DD 4-0. 3V 

Digital Output Voltage to DGND 

(Pins 12, 20-27) -0.3V, V DD 4 0.3V 

CLK (Pin 15) Input Voltage to DGND . -0.3V, V DD 4 0.3V 

Vref (Pin 10) to AGND ±25V 


Vrofs (Pin 1) to AGND ± 17V 

AIN (0-7)(Pin 9-2) ± 17V 

Operating Temperature Range 

JN, KN, LN 0 to 4 70°C 

AD, BD, CD - 25°C to 4 85°C 

Storage Temperature — 65°C to 4 150°C 

Lead Temperature (Soldering, lOsecs) 4 300°C 

Power Dissipation (Any Package) 

to + 75°C 1 ,000mW 

Derate above 4 7 5°C by 10mW/°C 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATION 


-w 


Bofs 

E 

• 

~28~| 

Vdd 

AIN 7 

E 


3 

DB0 (LSB) 

AIN 6 

E 


Ti] 

DB1 

AIN 5 

E 


3 

DB2 

AIN 4 

E 


1] 

DB3 

AIN 3 

j~g~ 


3 

DB4 

AIN 2 

E 

AD7581 

"22] 

DB5 

AIN 1 

E 

TOP VIEW 
(Not to Scale) 

3 

DB6 

AIN0 

E 


3 

DB7 (MSB) 

Vref 

E 


3 

A2 

AGND 

E 


3 

A1 

§TAT 

E 


3 

A0 

C? 

E 


3 

ALE 

DGND 

E 


3 

CLK 
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GENERAL CIRCUIT INFORMATION 

BASIC CIRCUIT DESCRIPTION 

The AD7581 accepts eight analog inputs and sequentially con- 
verts each input into an eight-bit binary word using the succes- 
sive approximation technique. The conversion results are 
stored in an 8 X 8 bit dual-port RAM. The device runs either 
directly from the microprocessor clock (in 6800 type systems) 
or from some suitable signal (e.g. ALE in 8085 type systems). 
Most applications require only a -10V reference and a +5V 
supply. Start-up logic is included on the device to establish 
the correct sequences on power-up. A maximum of 800 clock 
pulses are required for this period. Figure 1 shows the AD7581 
functional diagram. 


VoD Vref Bqfs 



Figure 1. AD7581 Functional Diagram 

Conversion of a single channel requires 80 input clock periods 
and a complete scan through all channels requires 640 input 
clock periods. When a channel conversion is complete, the suc- 
cessive approximation register contents are loaded into the 
proper channel location of the 8X8 RAM. At this time a 
status signal output, STAT (pin 12), gives a short nega tive 
going pulse (8 clock periods). This negative going STAT pulse 
is extended to 72 clock periods when channel 1 conversion is 
complete. An external pulse-width detector connected to the 
status pin can be used to derive conversion -related timing sig- 
nals for microprocessor interrupts (see Ch annel Identification 
opposite page). Simultaneous with STAT going low, the MUX 
address is decremented. Eight clock periods later the next con- 
version is started. 


Automatic interleaved DMA is provided by on-chip logic to 
ensure that memory updates take place at instants when the 
microprocessor is not addressing memory. Memory locations 
are addressed by Aq, Ai and A2. This address may be latched 
by ALE for systems which feature a multiplexed address/data 
bus or alternatively, for systems which have separate address 
and data buses, the address latches can be made transparent by 
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state 
buffers to place addressed data on the DBq - DB 7 data out- 
put pins. 

A ID CIRCUIT DETAILS 

In the successive approximation technique, successive bits, 
starting with the most significant bit (DB7), are applied to the 
input of the D/A converter. The DAC output is then compared 
to the unknown analog input voltage, Ain ( n )> using a com- 
parator. If the DAC output is greater than Ansj(n), the data 
latch for the trial bit is reset to zero, and the next smaller data 
bit is tried. If the DAC output is less than Ansj(n), the trial 
data bit stays in the “1” state, and the next smaller data bit is 
tried. Each successive bit is tried, compared to AiN(n), and set 
or reset in this manner until the least significant bit (DBq) 
decision is made. The successive approximation register now 
contains a valid digital representation of A^n). Au^(n) is 
assumed to be stable during conversion. 

The current weighting D/A converter is a precision multiplying 
DAC. Figure 2 shows the functional diagram of the DAC as 
used in the AD7581. It consists of a precision Silicon Chromi- 
um thin film R/2R ladder network and 8 N-channel MOSFET 
switches operated in single-pole-double-throw. 

The currents in each 2R shunt arm are binarily weighted i.e., 
the current in the MSB arm is Vref divided by 2R, in the 
second arm is Vref divided by 4R, etc. Depending on the 
D/A logic input (A/D output) from the successive approxima- 
tion register, the current in the individual shunt arms is steered 
either to Agnd or to the comparator summing point. 

AIN (0) AIN (7) Bqfs 



Figure 2. D/A Converter as Used in AD7581 
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TIMING AND CONTROL OF THE AD7581 

CHANNEL SELECTION 

Table I shows the truth table for the address inputs. The input 
address is latched when ALE goes LOW. When ALE is HIGH 
the address input latch is transparent. 

Channel Data 

A2 A1 AO ALE To Be Read 

0 0 0 1 Channel 0 

0 0 11 Channel 1 

0 10 1 Channel 2 

0 111 Channel 3 

10 0 1 Channel 4 

10 11 Channel 5 

110 1 Channel 6 

1111 Channel 7 

Table I. Channel Selection Truth Table 

TIMING AND CONTROL 

A typical timing diagram is shown in Figure 3. When CS is 
HIGH, the three-state data drivers are in the high-impedance 
state. When CS goes LOW the data drivers switch to the low- 
impedance state (i.e., low impedance to DGND or to Vqd)- 
Output data is valid after time t^cc • 


identifying signal by staying low for an additional 64 clock 
periods over normal (8 clock periods) when channel 0 is active. 
This is illustrated in Figure 4. Memory update takes place on a 
rising edge of a clock pulse and is completed in 200ns. This 
occurs 6 clock periods before ST AT goes low. 



PREVIOUS CHANNEL 
DATA UPDATE 
COMPLETE. 

MUX ADDRESS 
DECREMENTED 


START NEXT 
CONVERSION 
WITH MSB 
TRIAL 


CURRENT 

CHANNEL 

DATA 

UPDATE 

COMPLETE 




Figure 3. Timing Diagram for the AD 7581 

SWITCHING TERMINOLOGY 

tn : ALE pulse width requirement. 

*ALH ^Address Valid to latch hold time. 

tALS : Address Valid to latch set-up time. 

tLCS : Address latch to Chip Select set-up time. 

t£w : Chip Select pulse width requirement. 

t ACC : Chip Select to valid data propagation delay. 

tcp : Chip Select to output data float propagation delay. 

tcLZ : Chip Select to low impedance data bus. 

CHANNEL IDENTIFICATION 

In some real-time applications, it may be necessary to provide 
an interrupt signal when a particular channel receives updated 
data. To achieve this, it is necessar y to ide ntify which channel 
is currently under conversion. The STAT output provides an 


One simple circuit using the STAT output is shown in Figure 
5. The t ime co nstant RC is chosen such that X 2 ignores the 
normal STAT low pulse wi dth (8 clock periods wide) but 
respond to the much wider STAT low pulse width (72 clock 
periods wide) occurring during channel 0 conversion. Typically 
for a ljus clock period C = 0.022juF, R = 1.8k£2. 


1/6 CD4009A 1/6 CD4009A 1/6 CD4009A 



Figure 5. Hardware Channel Identification 

An other p ossibility is to use the microprocessor to interrogate 
the STAT output and hence determine channel identity. A 
simple routine is shown in Figure 6. 


STAT 



Figure 6. Software Channel Identification 
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OPERATING THE AD7581 


UNIPOLAR BINARY OPERATION 

Figures 7a and 7b show the analog circuit connections and 
typical transfer characteristic for unipolar operation (OV to 
+10V). An AD584 is used for the -10V reference. Calibration 
is as follows (device clocked i.e., continuous conversions); 
OFFSET: 

Comparator offset is trimmed out via the bipolar offset pin 
Bqfs* RIO, Rll and R12 comprise a simple voltage tap 
buffered by A1 and feeding into Bqfs • 

1. Since comparator offset will be the same regardless of 
which channel is active, take Aq, Ai and A 2 LOW and 
and exercise ALE to latch the address. 

2. With AIN 0 = 19.5mV (1/2LSB) adjust Rll, i.e., the offset 
voltage on Bofs> until DB 7 -DBj are LOW and DBq (LSB) 
flickers. 



Figure 7a. AD7581 Unipolar (OV to +10V) Operation (Output 
Code is Straight Binary) 

GAIN (FULL SCALE) 

In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom- 
mended. Offset adjustment must be performed before gain 
adjustment. 

1. Apply +9.94 IV (FS - 3/2LSB) to all input channels 
AIN (0-7). 


mu 

inn 

mu 


i / 

• 

00000011 
00000010 
00000001 
00000000 

0 0.40 0.80 1.20 9.92 9.96'10.00 

INPUT VOLTAGE. VOLTS (REFERRED TO ANALOG GROUND) 

NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 

BIT WEIGHT FOR A -10V REFERENCE IS«39.1mV. 

Figure 7b. Transfer Characteristic for Unipolar Circuit of 
Figure 7a 




2. Select required channel n via Ao, Aj, A 2 and latch the 
Address using ALE. 

3. Adjust trimmer RN of selected channel until DB7 -DBj 
are HIGH and the LSB (DBq) flickers. 

4. Select next channel requiring gain trim and repeat steps 
2 and 3. 

UNIPOLAR (COMPLEMENTARY BINARY) OPERATION 

Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar (complementary 
binary) operation. 

Calibration is as follows (continuous conversions); 

OFFSET: 

Comparator offset is trimmed out via the bipolar offset pin 
Bqfs - R10, Rll and R12 comprise a simple voltage tap buf- 
fered by Al and feeding into Bqfs* 

1. Since comparator offset will be the same regardless of 
which channel is active, take Aq, Aj and A 2 LOW and 
exercise ALE to latch the address. 

2. With AIN 0 = -9.98V (-FS + 1/2LSB) adjust Rll, i.e., the 
offset voltage on Bqfs> until DB7 -DBi are LOW and the 
LSB (DB 0 ) flickers. 



Figure 8a. AD 7581 (0V to -10V) Operation (Output Code 
is Complementary Binary) 


GAIN (FULL SCALE) 

In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom- 
mended. Offset adjustment must be performed before gain 
adjustment. 

1) Apply -58.6mV (3/2LSB) to all input channels AIN (0-7). 

2) Select required channel n via Ao, Ai, A 2 and exercise ALE 
to latch the address. 

3) Adjust trimmer RN of selected channel until DB7 - DBI are 
HIGH and the LSB (DB 0 ) flickers. 

4) Select next channel requiring gain trim and repeat step 2 
and 3. 
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R15 10k 0.1% 


00000011 + 

ooooooio-}- 

00000001 - 

00000000 


-10 -9.6 -9.2 -0.160 I -0.08 J 0 

-0.120 -0.040 

INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND) 


Figure 8b. Transfer Characteristic for Unipolar Circuit of 
Figure 8a 



SUPPLY RETURN 

NOTES: 

1 RIO, R11 AND R12 CAN BE OMITTED IF OFFSET TRIM IS NOT REQUIRED. 

2 R1 - R8 AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REQUIRED. 

3 R16/R10/R12 = 6.8kfl. IF RIO, R11 ANDR12 ARE NOT USED, MAKE R16 = 6.8kfi. 


BIPOLAR (OFFSET BINARY) OPERATION 

Figures 9a and 9b illustrate the analog circuitry and transfer 

characteristic for ±5V bipolar operation. Output coding is off- 
set binary. Comparator offset correction is again applied to the 

b OFS phi. 

Calibration is as follows (continuous conversions); 

OFFSET: 

1. Apply -4.980V (-FS/2 + 1/2LSB) to all input channels, 
AIN (0-7). 

2. Trim Rll of the comparator offset circuit until DB7 -DB* 
are LOW and the LSB (DBq) flickers. 

GAIN (FULL SCALE) 

1. Apply +4.941V (+FS/2 -3/2LSB) to all input channels, 

Ajn (0-7). 

2. Select required channel n via Aq, A*, A 2, and latch the 
address using ALE. 

3. Adjust trimmer RN of selected channel until DB7 - DBi 
are HIGH and the LSB (DB 0 ) flickers. 

4. Select next channel requiring gain trim and repeat steps 
2 and 3. 

5. Apply -19.5mV to each gain-trimmed channel. If the ADC 
output code does not flicker between 01111111 and 
10000000 repeat the calibration procedure. 


Figure 9a. AD7581 Bipolar (-5V to +5V) Operation (Output 
Code is Offset Binary) 



-200 -160 -120 -80 -40 0 +40 +80 +120 +160 +200 

INPUT VOLTAGE, MILLIVOLTS (REFERRED TO ANALOG GROUND) 

NOTE: 

APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 

BIT WEIGHT FOR 10V FULL SCALE IS = 39.1 mV. 

Figure 9b. Transfer Characteristic Around Major Carry for 
Bipolar Circuit of Figure 9a 
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INTERFACING THE AD7581 



Figure 10. AD7581/6800 Interface 

NOTES: 

1. ANALOG AND DIGITAL GROUND 

It is recommended that Aqnd and Dqnd be connected 
locally to prevent the possibility of injecting noise into the 
AD7581. In systems where the Aqnd ~ D GND intertie is 
not local, connect back-to-back diodes (1N914 or equiv- 
alent) between the AD7581 Aqnd and Dqnd pins. 



Figure 11. AD 758 1/8085 Interface 

2. LOGIC DEGLITCHING IN juP APPLICATIONS 

Unspecified states on the address bus (due to different rise 
and fall times on the address bus) can cause glitches at the 
AD7581 CS terminal. These glitches can cause unwanted 
reads. The best way to avoid glitches is to gate the address 
decoding logic, e.g., with RD (8080), RD (8085) or VMA 
(6800). 
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ANALOG 

DEVICES 


CMOS 12-Bit 
Successive Approximation ADC 


AD7582 


FEATURES 

12-Bit Successive Approximation ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to + 5V with Positive 
Reference of + 5V 

Conversion Time of 100ps per Channel 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
Autozero Cycle for Low Offset Voltage 
Monolithic Construction 


GENERAL DESCRIPTION 

The AD7582 is a medium speed, 4-channel 12-bit CMOS A/D 
converter which uses the successive approximation technique to 
provide a conversion time of 100|xs per channel. An auto-zero 
cycle occurs at the start of each conversion resulting in very low 
system offset voltages, typically less than 100|xV. The device is 
designed for easy microprocessor interface using standard control 
signals; C S (decoded device address), RD (READ) and WR 
(WRITE). The 4-channel input multiplexer is controlled via 
address inputs AO and Al. 

Conversion results are available in two bytes, 8LSB’s and 4MSB’s, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter’s status. 

The analog input voltage range is OV to + 5V when using a 
reference voltage of + 5 V. The four analog inputs are all high 
impedance inputs with tight channel-to-channel matching- 
typically O.lLSBs. 


AD7582 FUNCTIONAL BLOCK DIAGRAM 


Caz V dd V ss V cc 


AIN 0 
AIN 1 
AIN 2 
AIN 3 
AO 
Al 


Vref 


AGND 


CLK 



DATA 

OUT 


PRODUCT HIGHLIGHTS 

1. The AD7582 is a complete 4 channel 12-bit A/D converter in 
either a 28-pin DIP or 28-terminal surface mount package 
requiring only a few passive components and a voltage 
reference. 

2. Autozero cycle realizes very low offset voltages, typically 
100/xV. 

3. The four channel input multiplexer (user addressable) features 
high input impedance and excellent channel-to-channel 
matching. 

4. Standard microprocessor control signals to allow easy inter- 
facing to most popular 8- and 16-bit microprocessors. 


ORDERING INFORMATION 1 


Total 

Unadjusted 

Error 

Temperature Range and Package Options 2 

T • -T 

1 min 1 max 

Oto + 70°C 

— 25°C to +85°C 

— 55°C to + 125°C 

± 1LSB 

Plastic (N-28) 

AD7582KN 

Hermetic 3 (D-28) 

AD7582BD 

Hermetic 3 (D-28) 

AD7582TD 

± 1LSB 

PLCC 4 (P-28A) 

AD7582KP 


LCCC 5 (E-28A) 

AD7582TE 


NOTES 

*To order MIL-STD-883, Class B processed parts, add/883B to part number. 

Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship either ceramic (package outline D-28) or cerdip 
(package outline Q-28) hermetic packages. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 


ANALOG-TO-DIGITAL CONVERTERS 3-303 







CDCrinPATinUC Wm= +15V,Vcc= +5 V,Vsj= -5 V,V REF = + 5.0V 

Ol Lull I uH 1 1 U llO fox = 140kHz external, all specifications T min to unless otherwise noted). 


Parameter 

K Version 1 

B Version 1 

T Version 1 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Total Unadjusted Error 2 

± 1 

± 1 

±1 

LSB max 

All channels, AIN0-AIN3 

Differential Nonlinearity 

±1 

±1 

±1 

LSB max 

No missing codes guaranteed 

Full Scale Error (Gain Error) 

±1/4 

±1/4 

±1/4 

LSB max 

All channels, AIN0-AIN3 

Full Scale TC is typically 5ppm/°C 

Offset Error 

±1/4 

±1/4 

±1/4 

LSB max 

All channels, AIN0-AIN3 

Offset Error TC is typically 5ppm/°C 

Channel to Channel Mismatch 

±1/4 

±1/4 

±1/4 

LSB max 


ANALOG INPUTS 






Analog Input Range 

Oto +5 

Oto +5 


V 

Vref = +5.0V 

Cain j On Channel Input Capacitance 

I A in> Input Leakage Current 

8 

8 

8 

pFtyp 

AIN0-AIN3; 0 to + 5V 

+ 25°C 

10 

10 


nA max 


Tmin tO Tmax 

100 

100 


nA max 


REFERENCE INPUT 






Vref (For Specified Performance) 

+ 5 

+ 5 

+ 5 

V 

±5% 

Vref Range 

+ 4 to +6 

+ 4 to +6 

+ 4 to + 6 

V 

Degraded transfer accuracy 

Vref Input Reference Current 

1.0 

1.0 

1.0 

mA max 

Vref=+5.0V 

POWER SUPPLY REJECTION 






Vdd Only 


±1/8 

±1/8 

LSB typ 

V DD = + 14.25 V to +15. 75 V 

V SS =-5V 

V ss Only 


±1/8 

±1/8 

LSB typ 

V ss = -4.75V to -5.25V 

V dd =+15V 

LOGIC INPUTS 






RD (Pin 18), CS (Pin 19), WR (Pin 20) 






BYSL (Pin 21), AO (Pin 24), A 1 (Pin 25) 






Vil Input Low Voltage 

+ 0.8 

+ 0.8 

B' ,r 

V max 

V cc =+5V±5% 

Vih Input High Voltage 

Ii N Input Current 

+ 2.4 

+ 2.4 

+ 2.4 

Vmin 


+ 25°C 

±1 

±1 

±1 

|xA max 

Vi N = 0toV cc 

Tmin tO Tmax 

+ 10 

+ 10 


|aA max 


Cin Input Capacitance 3 

CLK(Pin23) 

10 

10 

10 

pF max 


Vil, Input Low Voltage 

+ 0.8 

+ 0.8 


V max 

V CC = + 5 V ± 5% 

V IHj Input High Voltage 

+ 3.0 


+ 3.0 

Vmin 


Iils Input Low Current 

±10 

±10 


jxA max 


I IH> Input High Current 

+ 1.5 

+ 1.5 

+ 1.5 

mA max 


LOGIC OUTPUTS 






DB0-DB7 (Pins 10-17), BUSY (Pin 22) 4 





V cc = +5V ± 5%, Isink = 1 -6mA 4 

Vol> Output Low Voltage 

+ 0.4 

+ 0.4 


Vmax 

Vohs Output High Voltage 

Floating State Leakage Current 

+ 4.0 

+ 4.0 

+ 4.0 

V min 

Vcc = +5V ±5 %,Isource = 200|xA 

(Pins 10-17) 

±1 

+ \ 

± 1 

fxA max 

Vout = 0V to Vcc 

Floating State Output Capacitance 

15 

15 

15 

pF max 


CONVERSION TIME 5 






With External Clock 

100 

100 

100 

jxsmin 

f C LK= 140kHz 

With Internal Clock, T a = + 25°C 

100/150 

100/150 

100/150 

fxs min/max 

Using recommended clock components 
as shown in Figure 6. 

POWER REQUIREMENTS 6 






Vdd 

+ 15 

+ 15 

+ 15 

VNOM 

± 5% for specified performance 

V ss 

-5 

-5 

-5 

VNOM 

± 5% for specified performance 

Vcc 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for specified performance 

Idd 

7.5 

7.5 

7.5 

mA max 

Typically 4mA with V D d = + 15V 

Iss 

7.5 

7.5 

7.5 

mA max 

Typically 3mA with V S s = - 5V 

lex: 

100 

100 


IxAtyp 

Vi N = ViLorViH 


1.0 

1.0 


mA max 


Power Dissipation 

75 

75 

ui ! 

mW typ 

WR = RD= CS= BUSY = Logic HIGH 


NOTES 

‘Temperature Range as follows: K Version; 0 to + 70°C 

B Version; - 25°C to + 85°C 
T Version; - 55°C to + 125°C 
includes Full Scale Error, Offset Error and Relative Accuracy. 

3 Sample t ested to ensure compliance. 

4 Isink for BUSY (pin 22) is 1 .0 milliamp. 

Conversion Time includes autozero cycle time. 

6 Power supply current is measured when AD7582 is inactive i.e. , WR = RD = CS = BUSY = Logic HIGH . 
Specifications subject to change without notice. 
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AD7582 


TIMING SPECIFICATIONS 1 (v DD = +isv,v cc = +5v,vss= — sv, v HEF = +sv> 


Parameter 

Limit at + 25°C 
(All Grades) 

Limit at 
(K&B Grades) 

Limit at T^, 

(T Grade) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to WR Setup Time 

t 2 (INT) 2 

200 

240 

280 

ns min 

WR Pulse Width (Internal Clock Operation) 

t 2 (EXT) 2 

10 

10 

10 

p.smin 

WR Pulse Width (External Clock Operation) 

*3 

0 

0 

0 

ns min 

CS to WR Hold Time 

u 

130 

160 

200 

nstyp 



200 

250 

300 

ns max 

WR to BUSY Propagation Delay 

*s 

0 

0 

0 

ns min 

A0, A1 Valid to WR Setup Time 

*6 

20 

20 

20 

ns min 

A0, A1 Valid to WR Hold Time 

t 7 

0 

0 

0 

ns min 

BUSY toCS Setup Time 

*8 

0 

0 

0 

ns min 

CS to RD Setup Time 

*9 

200 

240 

280 

ns min 

RD Pulse Width 

*10 

0 

0 

0 

ns min 

CS to RD Hold Time 

*11 

50 

50 

50 

ns min 

BYSL to RD Setup Time 

*12 

0 

0 

0 

ns min 

BYSL to RD Hold Time 

* 13 3 

150 

180 

200 

ns typ 



200 

240 

280 

ns max 

RD to Valid Data (Bus Access Time) 

* 14 4 

1 20 

20 

20 

ns min 

RD to Three State Output 


j 130 

160 

180 

ns max 

(Bus Relinquish Time) 


NOTES 

‘Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are 
specified with t r = t f = 20ns ( 10% to 90% of + 5 V) and timed from a voltage level of + 1 . 6V. Data is timed from 
Vihj V IL orV 0 H> V 0 L- 

2 When using an external clock source the WR pulse width must be extended to provide the minimum 
auto-zero cycle time of 10|xs. See “External Clock Operation”. 

3 tj 3 is measured with the load circuits of Figure 3 and defined as the time required for an output to cross 0.8V or 2.4V. 
4 tu is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 4. 
Specifications subject to change without notice. 



BUSY (PIN 221 / 

— 

CS (PIN 191 ^ 


■O- 

r 

—It, 

RD (PIN 181 



BYTE SELECT 1 

I 1 9 ~t, 

l r 

ok- —K 

f — : f 


(tier* 

(PIN 21) V 

nATA high impedanc 

(PINS 10-17) 

m " 3 . i Lj 

E BUS ] 

- fl LOW BYTE DAT 

b 

■V’3 , 

———4 HIGH BYTE D 



NOTES 

THE TWO BYTE CONVERSION RESULT CAN BE READ IN EITHER ORDER. FIGURE IS FOR LOW BYTE. HIGH BYTE ORDER. 
IF BYSL CHANGES WHILE CS & RO ARE LOW THE DATA WILL CHANGE TO REFLECT THE BYSL INPUT 


Figure 1. Start Cycle Timing 


Figure 2. Read Cycle Timing 


OBN 



a. High-Z to V Q h 


5V 



b. High-Z to V OL 


Figure 3. Load Circuits for Access Time Test (t 13 ) 


5 V 



a. Vqh to High-Z b. Vql to High-Z 

Figure 4. Load Circuits for Output Float Delay Test ( t 14 ) 
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ABSOLUTE MAXIMUM RATINGS* 

(T A = 4 - 25°C unless otherwise stated) 


Vdd to DGND 

-0.3V, 

+ 17V 

V ss to DGND 

+ 0.3V, -IV 

AGND to DGND 

. . -0.3V, V REF 

+ 0.3V 

V cc to DGND 

. . -0.3V, V DD 

+ 0.3V 

Vref to AGND 

. . -0.3V, V DD 

+ 0.3V 

AIN (0-3) to AGND 

. . -0.3V, V DD 

+ 0.3V 

Digital Input Voltage to DGND 



(Pins 18-21, 23-25) 

. . -0.3V, V DD 

+ 0.3V 

Digital Output Voltage to DGND 



(Pins 10-17, 22) 

. . -0.3V, V DD 

+ 0.3V 


Operating Temperature Range 

Commercial (K Version) 0 to 4- 70°C 

Industrial (B Version) -25°C to +85°C 

Extended (T Version) — 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) +300°C 

Power Dissipation (any Package) 

to +75°C l,000mW 

Derate above +75°C by 10mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATIONS 

DIP LCCC 


PLCC 





READING DATA 

The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7582 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byte-8 least significant 
bits or 4 most significant bits plus status flag-is to be read first. 

Since the AD7582 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7582 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 


1. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right- justified word. 
The status bit can be shifted into a microprocessor’s ac- 
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 22) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction while conversion is in progress 

will restart the conversion. 
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PIN FUNCTION DESCRIPTION 


PIN 

MNEMONIC 

DESCRIPTION 

1 

CAZ 

Autozero Capacitor Input. Connect other side of capacitor to AGND. 

2 

AINO 

Analog Input, channel 0 

3 

AIN 1 

Analog Input, channel 1 

4 

AIN 2 

Analog Input, channel 2 

5 

AIN 3 

Analog Input, channel 3 

6 

Vref 

Voltage reference input. The AD7582 is specified with Vref= + 5.0V. 

7 

AGND 

Analog Ground 

8 

DGND 

Digital Ground 

9 

10-17 

Vcc 

Logic Supply. For Vcc = + 5V digital inputs and outputs are TTL compatible. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 


DATA BUS OUTPUT, CS & RD = LOW 



BYSL = HIGH 

BYSL = LOW 

Pin 10 

BUSY 1 

DB7 

Pin 11 

LOW 2 

DB6 

Pin 12 

LOW 2 

DB5 

Pin 13 

LOW 2 

DB4 

Pin 14 

DB11 (MSB) 

DB3 

Pin 15 

DB10 

DB2 

Pin 16 

DB9 

DB1 

Pin 17 

DB8 

DBO(LSB) 


'BUSY (Pin 10) is a converter status flag and is HIGH during a conversion. 

2 Pins 11-13 output a logic LOW when BYSL is HIGH. 

DB1 1-DB0 are the 12-bit conversion results, DB1 1 is the MSB. 

1 8 RD READ input. This active LOW signal, in combination with CS , is used to enable the output data three- 

state drivers. 

19 CS CHI P SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 

WR for control. 

20 WR WRITE Input . This active LOW signal , in combination with CS , is used to start a new conversion on a selected 

channel. When the AD7582 internal clock is used, the minimum WR pulse width is t2 (INT). When an external 
clock source is used, the minimum WR pulse width must be extended to include the autozero cycle time. 

For external clock operation, the minimum WR pulse width is t2 (EXT). 

2 1 BYSL BYTE SELECT. This control input determines whether the high or low byte of data is placed on the output data 

bus during a data READ operation (CS & RD LOW). See description of pins 10-17. 

22 BUSY BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a logic HIGH. 

23 CLK CLOCK Input for internal/external clock operation . 

Internal : Connect Rclk and Cclki/Cclk 2 timing components. See Figure 6 and Figure 7. 

External : Connect external 74HC compatible clock source as shown in Figure 8. 

24 AO Address Input AO . See pin 2 5 description . 

25 A 1 Address Input A 1 . Address in puts A O and A 1 select the input channel to be con verted . The address input 

latch is transparent when CS & WR are LOW. Th e address inputs are latched by WR returning HIGH. 


A1 

A0 

CHANNEL SELECTED 

0 

0 

AINO 

0 

1 

AIN 1 

1 

0 

AIN 2 

1 

1 

AIN 3 


26 

N/C 

No connect pin. 

27 

V SS 

Negative supply, — 5V. 

28 

Vdd 

Positive supply, 4- 15V. 
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Operating Information 

OPERATIONAL DIAGRAM 

An operational diagram for the AD7582 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
Caz and timing components Rclkj C C lki & C C lk2 for the 
internal clock oscillator. If the AD7582 is to be used with an 
external clock source, then only Caz is required. Individual pin 
functions are described in detail on the previous page. 



Figure 5. AD7582 Operational Diagram 

INTERNAL CLOCK OPERATION 

The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7582 operating waveforms are shown in 
Figure 7. 


Vco +5V 



Figure 6. Circuitry Required for Internal Clock Operation 


AUTOZERO CYCLE 


-4 I I II I IT I lilt 


DB11 OBIO DBS DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


DECISION POINTS 

*t 2 (INT| IS THE MINIMUM WRITE PULSE WIOTH WHEN USING 
INTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 

Figure 7. Operating Waveforms - Internal Clock 


Between conversions ( BUS Y = HIGH) the AD7582 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 


new conversion, the input multiplexer is switched to the selected 
channel N, via address inputs AO, Al. The autozero capacitor 
Caz now charges to AIN N-Vos where Vos is the input offset 
voltage of the autozero comparator. 

A minimum time of lO^s is required for this autozero cycle. In 
applications using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto- 
matically provided by the AD7582. This is achieved by switching 
a constant current load across the clock capacitors, Cclki and 
Cclk 2 s causing the voltage at the CLK input pin to slo wly 
decay from V C c- This occurs after WR returns HIGH; WR 
returning HIGH also latches the multiplexer address inputs AO, 
Al (see Figure 7). The Schmitt trigger circuit monitoring the 
voltage on the CLK input ends the autozero cycle when its 
LOW input trigger level is reached. At this point, the constant 
current load across the clock capacitors is removed allowing 
them to charge towards Vcc via Rclk- When the voltage at the 
CLK input reaches the HIGH trigger level, the constant current 
load is replaced across Cclki and C C lk2- The MSB decision is 
made when the LOW trigger level is reached. This cycle repeats 
itself 12 times to provide 12 clock pulses for the conversion 
cycle. The circuit arrangement of Figure 6 provides the relatively 
slow autozero cycle time at the beginning of a conversion while 
allowing the clock oscillator to speed up once the autozero cycle 
is complete. 

EXTERNAL CLOCK OPERATION 

For external clock operation Rclkj Cclki and Cclk2 are discarded 
and the CLK input i s driv en from a 74HC compatible clock 
source. The AD7582 WR pulse width must now be extended to 
provide the minimum autozero cycle time of 10|xs since this is 
no longer provided automatically by the AD7582. R eferr ing to 
the operating waveforms of Figure 9, the minimum WR pulse 
width when using an external clock source is t 2 (EXT). Multiplexer 
address inputs AO and Al, in add ition to the CS input must 
now remain valid for the external WR pulse width. It is not 
necessary to sy nchronize the external clock source with the 
extended WR pulse width, the MSB decision being made on the 
second falling edge of the clock input after the WR input returns 
HIGH. 


74HC COMPATIBLE 
CLOCK SOURCE, 
f CL K = 140kHz 


T. 


-Xc 


Figure 8. External Clock Operation 


WR 

— 1 2 (EXT|* — 

r it 

..... 2DC 


DC 

BUSY 1 

“ _n_ 

AUT 


, f 

MINIMUM AUTOZERO 
— CYCLE TIME* ■- 

n_nc 

OZERO CYCLE 

)) 

CJTJlJ7UTJCn_ 
t ! t I— 

DB11 DB10 DB1 DBO 


(MSB) (LSB)^ 

DECISION POINTS 


•tjlEXT) IS THE MINIMUM WRITE PULSE WIDTH WHEN USING 
EXTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 


Figure 9. Operating Waveforms - External Clock 
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ANALOG 

DEVICES 


LC 2 M0S 
High-Speed 12-Bit ADC 


AD7672 


FEATURES 

12-Bit Resolution and Accuracy 
Fast Conversion Time 
AD7672XX03 - 3|jis 
AD7672XX05 - 5jjls 
AD7672XX10 - 10»xs 
Unipolar or Bipolar Input Ranges 
Low Power: llOmW 
Fast Bus Access Times: 90ns 
Small, 0.3", 24-Pin Package and 28-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7672 is a high-speed 12-bit ADC, fabricated in an ad- 
vanced, mixed technology, Linear-Compatible CMOS (LC 2 MOS) 
process, which combines precision bipolar components with 
low-power, high-speed CMOS logic. The AD7672 uses an accurate 
high-speed DAC and comparator in an otherwise conventional 
successive-approximation loop to achieve conversion times as 
low as 3jxs while dissipating only llOmW of power. 

To allow maximum flexibility the AD7672 is designed for use 
with an external reference voltage. This allows the user to choose 
a reference whose performance suits the application or to drive 
many AD7672s from a single system reference, since the reference 
input of the AD7672 is buffered and draws little current. For 
digital signal processing applications where absolute accuracy 
and temperature coefficients may be unimportant, a low-cost 
reference can be used. For maximum precision, the AD7672 
can be used with a high-accuracy reference, such as the AD588, 
when absolute 12-bit accuracy can be obtained over a wide 
temperature range. 

An on-chip clock-circuit is provided which may be used with a 
crystal for accurate definition of conversion time. Alternatively, 
the clock input may be driven from an external source such as a 
microprocessor clock. 

The AD7672 also offers flexibility in its analog input ranges, 
with a choice of 0 to + 5V, 0 to + 10V and ±5V. 

The AD7672 is also designed to operate from nominal supply 
voltages of +5V and - 12V. This makes it an ideal choice for 
data acquisition cards in personal computers where the negative 
supply is generally - 12V. 

The AD7672 has a high-speed digital interface with three-state 
data outputs and standard microprocessor control inputs (Chip 
Select and Read). Bus access time of only 90ns allows the AD7672 
to be interfaced to most modern microprocessors. 

The AD7672 is available in a variety of space-saving packages; 
plastic and hermetic 24-pin “skinny” DIP and 28-pin ceramic 
and plastic chip carrier. 


AD7672 FUNCTIONAL BLOCK DIAGRAM 



DB11 DB4 DGND DB3 DBO 


PRODUCT HIGHLIGHTS 

1. Fast, 3(xs, 5|xs and 10(jls conversion speeds make the AD7672 
ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any high-speed data 
acquisition system. 

2. LC 2 MOS circuitry gives high precision with low power drain 
(llOmW typ). 

3. Choice of 0 to + 5V, 0 to + 10V or ± 5V input ranges, accom- 
plished by pin-strapping. 

4. Fast, simple, digital interface has a bus access time of 90ns 
allowing easy connection to most microprocessors. 

5. Available in space-saving 24-pin, 0.3" DIP or surface mount 
package. 
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(V DD = 5V ±5%, Vss = -12V ±10%, V REF = -5V unless otherwise noted. 

CPFPIFIP ATIflMQ f ™ : 4MHz for AD7672XX03 ’ 2 - 5MHz for AD7672XX05, 1.25MHz for AD7672XX10. 
OrLuiriuHl I UNO All Specifications T mjn to unless otherwise noted. Specifications apply to Slow Memory Mode). 


Parameter 

K Version 1 

L Version 1 

B Version 1 

C Version 1 

Units 

Test Conditions/Comments 

ACCURACY 2 







Resolution 

12 

12 

12 

12 

Bits 


Integral Nonlinearity ® + 25°C 

±1 

±1/2 

+ 1 

±1/2 

LSB max 

Tested Range ± 5 V 


±1 

±1/2 

± 1 

±1/2 

LSB max 


Differential Nonlinearity 

±0.9 

±0.9 

±0.9 

±0.9 

LSB max 

No Missing Codes Guaranteed 

Unipolar Offset Error ® + 25°C 

±5 

±3 

±5 

±3 

LSB max 

Input Range: 0 to 5 V or 0 to 10V 

T min tO T max 

± 6 

±4 

±6 

±4 

LSB max 

Typical TC is 2ppm/°C 

Unipolar Gain Error @ + 25°C 

±5 

±4 

±5 

±4 

LSB max 

Input Range: 0 to 5V or 0 to 10V 

T m „ toT^ 

±7 

±6 

±7 

± 6 

LSB max 

Typical TC is 2ppm/°C 

Bipolar Zero Error® + 25°C 

±5 

±3 

±5 

±3 

LSB max 

Input Range: ± 5V 

T m)n to T max 

±6 

±4 

±6 

±4 

LSB max 

Typical TC is 2ppm/°C 

Bipolar Gain Error® + 25°C 

±5 

±4 

±5 

±4 

LSB max 

Input Range: ±5V 

Tnlin toTmax 

±7 

±6 

±7 

±6 

LSB max 

T ypical TC is 2ppm/°C 

ANALOG INPUT 





mu 


Unipolar Input Current 

3.5 

3.5 

3.5 

3.5 


Input Ranges: 0 to 5V or 0 to 10V 

Bipolar Input Current 

±1.75 

±1.75 

±1.75 

±1.75 


Input Range: ±5V 

REFERENCE INPUT 





■ ■ 


V REF (For Specified Performance) 

- 5 

-5 


-5 


±1% 

Input Reference Current 

-3 

-3 

m 

-3 



POWER SUPPLY REJECTION 


mmm 

mmm 

■ 



V DD Only, (FS Change) 

± 1 


H 

B 

LSB typ 

V ss = -12V,V dd = + 4.75V to + 5.25V 

V ss Only, (FS Change) 

±1 

Pjjjj H 


1 

LSB typ 

V DD = +5V, V ss = - 10.8V to - 13.2V 

LOGIC INPUTS 







CS,RD,CLKIN 







V 1NL , Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

+ 0.8 

V max 

V DD = 5V ± 5% 

V INH , Input High Voltage 

+ 2.4 

+ 2.4 

+ 2.4 

+ 2.4 

V min 


C IN , 3 Input Capacitance 

10 

10 

10 

10 

pF max 


CS,RD 







I IN , Input Current 

±10 

±10 

±10 

±10 

(jlA max 

Vin = 0toV DD 

CLKIN 







I IN , Input Current 

±20 

±20 

8 

+i 

±20 

p.A max 

Vi N = 0toV DD 

LOGIC OUTPUTS 







DB1 1-DBO, BUSY, CLK OUT 







Vol> Output Low Voltage 

+ 0.4 

+ 0.4 

+ 0.4 

+ 0.4 

V max 

Isink = 1.6mA 

Voh> Output High Voltage 

+ 4.0 

+ 4.0 

+ 4.0 

+ 4.0 

Vmin 

Isource = 200 fxA 

Floating-State Leakage Current 







DB1 1-DBO 

±10 

±10 

±10 

±10 

|xA max 


Floating-State Output Capacitance 3 

l. 15 

15 

15 

15 

pF max 


CONVERSION TIME 







AD7672XX03 






Applies to K and B Grades Only 

Synchronous Clock 

3.125 

- 

3.125 

- 

fxs max 

fcLK = 4MHz. See Under 

Asynchronous Clock 

3/3.25 

- 

3/3.25 

- 

fxs min/max 

Control Inputs Synchronization 

AD7672XX05 







Synchronous Clock 

5 

5 

5 

5 

jxs max 

f CLK = 2.5MHz 

Asynchronous Clock 

4. 8/5. 2 

4. 8/5. 2 

4. 8/5. 2 

4.8/5. 2 

|xs min/max 


AD7672XX10 







Synchronous Clock 

10 

10 

10 

10 

jxs max 

f CLK = 1.25MHz 

Asynchronous Clock 

9.6/10.4 

9.6/10.4 

9.6/10.4 

9.6/10.4 

|xs min/max 


POWER REQUIREMENTS 







Vdd 

+ 5 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for Specified Performance 

Vss 

-12 

-12 

-12 

-12 

VNOM 

± 10% for Specified Performance 

Idd 4 

7 

7 

7 

7 

mA max 

CS = RD = V DD , AIN1 = AIN2 = 5 V 

Iss 4 

-12 

-12 

-12 

-12 

mA max 

CS = RD = V DD , AIN 1 = AIN2 = 5 V 

Power Dissipation 

no 

110 

110 

110 

mW typ 



179 

179 

179 

179 

mW max 



NOTES 

‘Temperature range as follows: K, L versions; L 0 to + 70°C. 

B, C versions; - 25°C to + 85°C. 

2 V DD = 5V, V ss = - 12V, 1LSB = FS/40% 

3 Sample tested to ensure compliance. 

4 Power supply current is measured when AD7672 is inactive, i.e.,CS = RD= BUSY = HIGH. 
Specifications subject to change without notice. 
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(V D0 = 5V ±5%, Vss = -12 ±10%, V REF = -5V unless otherwise noted. 
QPmriPATinMQ fcL * 25MHz for AD7672XX G5, 125MHz for AD7672XX10. All Specifications T min to T„ 
OrtUiriUHl I UNO unless otherwise noted. Specifications apply to Slow Memory Mode). 


AD7672 


Parameter 

T Version 1 

U Version 1 

Units 

Test Conditions/Comments 

ACCURACY 2 





Resolution 

12 

12 

Bits 


Integral Nonlinearity (& +25°C 

± 1 

±1/2 

LSB max 

Tested Range ± 5 V 

T^toT^ 

± 1 

±3/4 

LSB max 


Differential Nonlinearity 

±0.9 

±0.9 

LSB max 

No Missing Codes Guaranteed 

Unipolar Offset Error (w + 25°C 

±5 

±3 

LSB max 

Input Range: 0 to 5V or 0 to 10V 

l+toT^ 

±6 

±4 

LSB max 

Typical TC is 2ppm/°C 

Unipolar Gain Error % +25°C 

±5 

±4 

LSB max 

Input Range: 0 to 5 V or 0 to 10V 

T^toT^ 

±7 

±6 

LSB max 

T ypical TC is 2ppm/°C 

Bipolar Zero Error (a> +25°C 

±5 

±3 

LSB max 

Input Range: ±5V 

T mn toT^ 

±6 

±4 

LSB max 

Typical TC is 2ppm/°C 

Bipolar Gain Error @ + 25°C 

±5 

±4 

LSB max 

Input Range: ±5V 

T^toT™ 

±7 

±6 

LSB max 

Typical TC is 2ppm/°C 

ANALOG INPUT 





Unipolar Input Current 

3.5 

3.5 

mA max 

Input Ranges: 0 to 5V or 0 to 10V 

Bipolar Input Current 

±1.75 

±1.75 

mA max 

Input Range: ±5V 

REFERENCE INPUT 





Vref (For Specified Performance) 

-5 

-5 

Volts 

±1% 

Input Reference Current 

-3 

-3 

|xA max 


POWER SUPPLY REJECTION 





V DD Only, (FS Change) 

±1 


LSBtyp 

V ss = -12V,V DD = + 4.75V to +5. 25 V 

V ss Only, (FS Change) 

±1 


LSB typ 

V dd = +5V, V ss = - 10.8V to - 13.2V 

LOGIC INPUTS 





CS,RD,CLK IN 





V INL , Input Low Voltage 

+ 0.8 

+ 0.8 

V max 

V DD = 5V ± 5% 

V INH , Input High Voltage 

+ 2.4 

+ 2.4 

V min 


C IN , 3 Input Capacitance 

10 

10 

pF max 


CS, RD 





I IN , Input Current 

CLKIN 

±10 

±J0 

|aA max 

V, N = 0toV DD 

I IN , Input Current 

±20 

±20 

p, A max 

Vin ~ 0 to v DD 

LOGIC OUTPUTS 





DB11-DB0, BUSY, CLK OUT 





V OL , Output Low Voltage 

+ 0.4 

+ 0.4 

V max 

Isink = 1.6mA 

V OH , Output High Voltage 
Floating-State Leakage Current 

+ 4.0 

+ 4.0 

V min 

^source = 200p,A 

DB11-DB0 

±10 

±10 

jxA max 


Floating-State Output Capacitance 3 

15 

15 

pF max 


CONVERSION TIME 





AD7672XX05 





Synchronous Clock 

5 

5 

|xs max 

f CL R - 2.5MHz. See Under 

Asynchronous Clock 

AD7672XX10 

4. 8/5. 2 

4.8/5. 2 

|xs min/max 

Control Inputs Synchronization 

Synchronous Clock 

10 

10 

|xs max 

f CLK = 1.25MHz 

Asynchronous Clock 

9.6/10.4 

9.6/10.4 

|xs min/max 


POWER REQUIREMENTS 





v DD 

+ 5 

+ 5 

VNOM 

± 5% for Specified Performance 

Vss 

-12 

-12 

VNOM 

± 10% for Specified Performance 

Idd 4 

7 

7 

mA max 

CS = RD = V DD , AIN 1 = AIN2 = 5 V 

T 4 

x ss 

-12 

-12 

mA max 

CS = RD = V DD , AIN 1 = AIN2 = 5 V 

Power Dissipation 

110 

110 

mW typ 



179 

179 

mW max 



NOTES 

'Temperature range as follows: T, U versions; - 55°C to + 125°C. 

2 V dd = 5 V, V ss = ~ 12V, 1LSB = FS/4096 

i Sample tested to ensure compliance. 

4 Power supply current is measured when AD7672 is inactive, i.e.,CS = RD = BUSY = HIGH. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS' im 


Parameter 

Limit at + 25°C 
(All Grades) 

Limit at Tminj T max 
(K,L,B,C Grades) 

Limit at T^, T max 
(T, U Grades) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to RD Setup Time 

t 2 

190 

230 

270 

ns max 

RD to BUSY Propagation Delay 

t3 2 

90 

110 

120 

ns max 

Data Access Time after RD, C L = 20pF 


125 

150 

170 

ns max 

Data Access Time after RD, C L = lOOpF 

u 

t 3 

t 3 

t 3 

ns min 

RD Pulse Width 

ts 

0 

0 

0 

ns min 

CS to RD Hold Time 

t 6 2 

70 

90 

100 

ns max 

Data Setup Time after BUSY 

t 7 3 

20 

20 

20 

ns min 

Bus Relinquish Time 


75 

85 

90 

ns max 


*8 

200 

200 

200 

ns min 

Delay Between Successive 






Read Operations 


NOTES 

'Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are specified with tr = tf = 5ns (10% to 90% of + 5V) 
and timed from a voltage level of 1 .6V. 

2 t 3 and t 6 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

3 t 7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ir 

r 


a. High-Z to V OH (h) 
and Vql to V OH (t 6 ) 


t“ 

V dgnd 

b. High-Z to V OL (t 3 ) 
and V oh to Vql (W 


Figure 1. Load Circuits for Access Time 


T 

5 


10pF 

Vdgnd 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise noted) 

V DD to DGND —0.3V to + 7V 

V ss to DGND + 0.3V to - 17V 

AGND to DGND -0.3V to V DD + 0.3V 

AIN1, AIN2 to AGND - 15V to + 15V 

Vref to AGND V ss -0.3V to V DD + 0.3V 

Digital Input Volt age t o DGND 

(CLK IN, CS, RD) -0.3V to V DD + 0.3V 

Digital Output Voltage to DGND 
(DB11-DB0, BUSY, CLK OUT) . . . -0.3VtoV DD + 0.3V 
Operating T emperature Range 

K, L 0 to 4- 70°C 

B, C - 25°C to + 85°C 

T, U - 55°C to + 125°C 

Storage Temperature — 65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

Power Dissipation (Any Package) to +75°C .... l,000mW 

Derates above + 75°C by 10mW/°C 


a. V OH to High-Z b. V OL to High-Z 

Figure 2. Load Circuits for Output Float Delay 


^Stress above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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AD7672 


TERMINOLOGY 


UNIPOLAR OFFSET ERROR 

The ideal first code transition should occur when the analog 
input is 1/2LSB above AGND. The deviation of the actual 
transition from that point is termed the offset error. 

BIPOLAR ZERO ERROR 

The ideal midscale transition (i.e., 0111 1111 1111 to 

1000 0000 0000) for the ±5V range should occur when the analog 

input is 1/2LSB below AGND. Bipolar zero error is the deviation 


of the actual transition from that point. 

GAIN ERROR 

The ideal difference between the first code transition and last 
code transition is FS -2LSBs. The Gain error is defined as the 
deviation between this ideal difference and the measured differ- 
ence. Ideal FS corresponds to 5V for the unipolar 0 to 5V range 
and 10V for both the unipolar 0 to 10V and bipolar ± 5V 
ranges. 


ORDERING INFORMATION 1 


Accuracy 

Grade 

CONVERSION TIME = 3|jls 
| Temperature Range and Package Options 2 

Oto +70°C 

— 25°C to +85°C 


Plastic DIP (N-24) 

Hermetic 3 (Q-24) 

± 1LSB 

AD7672KN03 

AD7672BQ03 


PLCC 4 (P-28A) 

LCCC 5 (E-28A) 

± 1LSB 

AD7672KP03 

AD7672BE03 


CONVERSION TIME = 5»jls 


Accuracy 

Grade 

Temperature Range and Package Options 2 

Oto + 70°C 

— 25°C to +85°C 

— 55°C to + 125°C 

± 1LSB 
± 1/2LSB 

Plastic DIP (N-24) 

AD7672KN05 

AD7672LN05 

Hermetic 3 (Q-24) 

AD7672BQ05 

AD7672CQ05 

Hermetic 3 (Q-24) 

AD7672TQ05 

AD7672UQ05 

± 1LSB 
± 1/2LSB 

PLCC 4 (P-28A) 

AD7672KP05 

AD7672LP05 


LCCC 5 (E-28A) 

AD7672TE05 

AD7672UE05 

Accuracy 

Grade 

CONVERSION TIME = 10|xs 
| T emperature Range and Package Options 2 

0 to + 70°C 

— 25°C to +85°C 

— 55°Cto +125°C 

± 1LSB 
± 1/2LSB 

Plastic DIP (N-24) 

AD7672KN10 

AD7672LN10 

Hermetic 3 (Q-24) 

AD7672BQ10 

AD7672CQ10 

Hermetic 3 (Q-24) 

AD7672TQ10 

AD7672UQ10 

± 1LSB 
± 1/2LSB 

PLCC 4 (P-28A) 

AD7672KP10 

AD7672LP10 


LCCC 5 (E-28A) 

AD7672TE10 

AD7672UE10 


NOTES 

To order MIL-STD-883, Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship either ceramic (package outline D-24A) 
or cerdip hermetic (package outline Q-24) packages. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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DIP PIN FUNCTION DESCRIPTION 


DIP 


Pin No. 

Mnemonic 

Description 

1 

AIN1 

Analog Input. 

2 

Vref 

Voltage Reference Input. The AD7672 is specified with Vref = - 5V. 

3 

AGND 

Analog Ground. 

4 ... 11 

DB11 . . .DB4 

Three-state data outputs. They become active when CS and RD are brought low. DB 1 1 is the 
most significant bit (MSB). 

13 ... 16 

DB3 . . . DBO 


12 

DGND 

Digital Ground. 

17 

CLKIN 

Clock Input pin. An external TTL compatible clock may be applied to this pin. Alternatively 
a crystal or ceramic resonator may be connected between CLK IN (Pin 17) and CLK OUT 
(Pin 18). 

18 

CLK OUT 

Clock Output Pin. An inverted CLK IN signal appears at CLK OUT when an external clock 
is used. See CLK IN (Pin 17) description. 

19 

RD 

READ input. This active LOW signal, in conjunction with CS is used to enable the output data 
three-state drivers and initiate a conversion. 

20 

CS 

CHIP SELECT Input. This active LOW signal, in conjunction with RD is used to enable 
the output data three-state drivers and initiate a conversion. 

21 

BUSY 

BUSY output indicates converter status. BUSY is LOW during conversion. 

22 

V SS 

Negative Supply, — 12V. 

23 

Vdd 

Positive Supply, + 5V. 

24 

AIN2 

Analog Input. 


DIP 


PIN CONFIGURATIONS 

LCCC PLCC 
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OPERATING FROM A NEGATIVE SUPPLY GREATER 
THAN -12V 

The AD7672 is designed to operate with a Vss input of 
— 12V ± 10%. In applications where the negative supply is greater 
than — 12V, then a Zener diode in series with Vss can be used 
to reduce the supply. The Zener diode should have a dynamic 
impedance of not greater than 40fl. An example is given in 
Figure 3. The diode has a Zener voltage of 3V, which makes it 
suitable for a negative supply of - 15V ±7%. 



Figure 3. Operation from Nominal Power Supplies of 5V 
and - 15V 

CONVERTER DETAILS 

Conversion start is controlled by the CS and RD inputs. At the 
start of conversion the successive approximation register (SAR) 
is reset and the three-state data outputs are enabled. Once a 
conversion cycle has begun it cannot be restarted. 

During conversion, the internal 12-bit DAC is sequenced by the 
SAR from the most significant bit (MSB) to the least significant 
bit (LSB). Referring to Figure 4, the analog inputs (AIN1 & 
AIN2) connect to the comparator input via 5kfl resistors. The 
DAC which has 2.5kfl output impedence connects to the same 
comparator input. Bit decisions are made by the comparator 
(zero crossing detector) which checks the addition of each suc- 
cessive weighted bit from the DAC output against the analog 
inputs. The MSB decision is made 80ns (typically) after the 
second falling edge of CLK IN following a conversion start (see 
Figure 5). Similarly, the succeeding bit decisions are made 
approximately 80ns after a CLK IN falling edge until conversion 



Figure 4. AD7672 AIN Input 


is finished. At the end of conversion, the DAC output current 
balances the current from the analog inputs. The SAR contents 
(12-bit data word) which represent the analog input signal are 
loaded into a 12-bit latch. 


cs & rd H\ / / / » / 1 



DB11 DB10 DB1 DBO 

(MSB) (LSB) 


Figure 5. Operating Waveforms Using an External Clock 
Source for CLK IN 

CONTROL INPUTS SYNCHRONIZATION 

In applications where the RD control input is not synchronized 
with the ADC clock then conversion time can vary from 12 to 
13 CLK IN periods. This is because the ADC waits for the first 
falling CLK IN edge after conversion start before the conversion 
procedure begins. Without synchronization, this delay can vary 
from zero to an entire clock period. If a constant conversion 
time is required, then the following approach may be used: 
when initiating a conversion, RD must go low on either the 
rising edge of CLK IN or the falling edge of CLK OUT. This 
ensures a fixed conversion time that is 12.5 times the CLK IN 
period . 

DRIVING THE ANALOG INPUTS 

During conversion current from the analog inputs is modulated 
by the DAC output current at a rate equal to the CLK IN 
frequency (i.e., 4MHz when CLK IN = 4MHz). This causes 
voltage spikes (glitches) to appear at the analog inputs. The 
magnitude and settling time of these glitches depends on the 
open-loop output impedance and small signal bandwidth of the 
amplifier or sample and hold driving these inputs. These devices 
must have sufficient drive to ensure that the glitches have settled 
within one clock period. An example of a suitable op amp is the 
AD OP-27. The magnitude of the largest glitch when using this 
device to drive one of the analog inputs is typically 11 mV with a 
200ns settling time. 

Suitable devices capable of driving the AD7672 analog inputs 
are the AD OP-27 and AD711 op amps and the AD585 and 
AD683/681 sample and holds. 

INTERNAL CLOCK OPERATION 

Figure 6 shows the AD7672 internal clock circuit. A crystal or 
ceramic resonator may be connected between CLK IN (Pin 17) 
and CLK OUT (Pin 18) to provide a clock oscillator for the 
ADC timing. Alternatively the crystal/ceramic resonator may be 
omitted and an external clock source may be connected to CLK 
IN. For an external clock the mark/space ratio must be 50/50. 

An inverted CLK IN will appear at the CLK OUT pin as shown 
in the operating waveforms of Figure 5 . 
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AD7672XX05- 2.5MHz CRYSTAL/CERAMIC RESONATOR. 

AD7672XX1 0- 1 25MHz CRYSTAL/CERAMIC RESONATOR. 

Cl AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC RESONATOR 
MANUFACTURER. TYPICAL VALUES ARE FROM 30pFTO lOOpF. 

Figure 6. AD7672 Internal Clock Circuit 
ANALOG INPUT RANGES 

The AD7672 provides three user selectable analog input ranges; 
0 to 4 - 5V, 0 to + 10V and ± 5V. Figure 7 shows how to configure 
the two analog inputs (AIN1 and AIN2) for these ranges. 


The output code is natural binary with 1LSB = FS/4096. FS 
is either 4 - 5 V or 4 - 10V depending on the analog inputs 
configuration. 


OUTPUT FULL SCALE 

CODE TRANSITION 



0 TO 5V INPUT RANGE 




Figure 7. Analog Input Range Configurations 
UNIPOLAR OPERATION 

Figure 8 shows how to configure an AD584 to produce a reference 
voltage of — 5V for unipolar operation. 

The ideal input/output characteristic is shown in Figure 9. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 1/2LSB, 3/2LSBs . . . FS -3/2 LSBs). 


+ 5V 



Figure 8. Unipolar Operation Using the AD584 as a 
Reference 


Figure 9. AD7672 Ideal Input/Output Transfer 
Characteristic for Unipolar Operation. 

OFFSET AND FULL-SCALE ERROR 

In most Digital Signal Processing (DSP) applications, offset and 
full-scale error have little or no effect on system performance. A 
typical example is a digital filter, where an analog input signal is 
quantized, digitally processed and recreated using a DAC. In 
these type of applications the offset error can be eliminated by 
ac coupling the recreated signal. Full-scale error effect is linear 
and does not cause problems as long as the input signal is within 
the full dynamic range of the ADC. An important consideration 
in DSP applications is Differential Nonlinearity and this is not 
affected by either offset or full-scale error. 

UNIPOLAR OFFSET AND FULL-SCALE ERROR 
ADJUSTMENT 

If absolute accuracy is an application requirement then offset 
and full-scale error can be adjusted to zero. Offset error must be 
adjusted before full-scale error. Figure 10 shows the extra com- 
ponents required for full-scale error adjustment. Zero offset is 
achieved by adjusting the offset of the op amp driving the analog 
input (i.e., A1 in Figure 10.). For zero offset error apply a 
voltage equal to 1/2LSB at V IN and adjust the op amp offset 
voltage until the ADC output code flickers between 
0000 0000 0000 and 0000 0000 0001. 

0 to 4 - 5V Range: 1/2LSB = 0.61mV 
Oto +10V Range: 1/2LSB = 1.22mV 

For zero full-scale error apply an analog input voltage equal to 
FS-3/2LSBs (last code transition) at V IN and adjust R1 until the 
ADC output code flickers between 1111 1111 1110 and 
mi mi mi. 

0 to 4-5V Range: FS-3/2LSBs = 4.99817 
0 to 4 - 10V Range: FS-3/2LSBs = 9.99634 



Figure 10. Unipolar Operation with Gain Error Adjust 
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BIPOLAR OPERATION 

Bipolar operation is achieved by providing a + 10V span at the 
AIN1 input which is offset to ±5V by applying 4- 5 V at the 
AIN2 input. This requires two reference voltages; - 5V for the 
Vref input and + 5V for the AIN2 input. Figure 11 demonstrates 
how to produce these voltages from an AD584 and an inverting 
amplifier configuration. Alternatively, a convenient solution is 
to use the AD588 voltage reference as in Figure 12. This device 
generates the required ± 5V with a minimum of additional 
components. It also offers excellent temperature stability with 
voltage drifts as low as 1.5ppm/°C. 

The ideal input/output transfer characteristic after offset 
and gain adjustment is shown in Figure 13. The LSB size is 
(1 0/4096) V = 2.44mV. 



‘ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 1 1. Bipolar Operation Using anAD584 and an 
AD711 Op Amp 


BIPOLAR OFFSET AND GAIN ADJUSTMENT 

In applications where absolute accuracy is important then offset 
and gain error can be adjusted to zero. Offset is adjusted by 
trimming the voltage at the AIN1 or the AIN2 input when the 
analog input is at — FS/2 + 1/2LSB. This can be achieved by 
adjusting the offset of an external amplifier used to drive either 
of these analog inputs. Alternatively the AD588 voltage reference 
contains a balance control input which can be used to trim the 
offset to zero. An additional potentiometer (R2 in Figure 14) is 
required. The trim procedure is as follows: 


Apply -4.99878V (-FS/2 + 1/2LSB) at V lN and adjust R2 
until the ADC ouput code flickers between 0000 0000 0000 and 
0000 0000 0001 . 


Gain error can be adjusted at either the last positive code transition 
or the mid-scale transition (bipolar zero error adjust). Adjusting 
the positive end of the transfer function is in keeping with more 
conventional ADC calibration techniques where the user fixes 
the two end points as in the unipolar case. Bipolar zero adjustment 
is required in some applications (e.g., motor control) where the 
user must be guaranteed that the 0111 1111 1111 to 
1000 0000 0000 transition occurs exactly when the analog input 
is 1/2LSB below AGND. The trim procedures for both cases 
are as follows. (See Figure 14.) 


R1 
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Figure 12. Bipolar Operation Using an AD588 Voltage 
Reference 



Figure 13. Ideal Input/Output Transfer Characteristic for 
Bipolar Operation 


+ 5V 



Figure 14. Bipolar Operation with Offset and Gain Error 
Adjust 


Last Code Transition Adjust Bipolar Zero Error Adjust 

Apply a voltage of 4.99634 volts (FS/2 - 3/2LSBs) at V IN . Adjust Apply a voltage of - 1.22mV at Vi N and adjust R5 until the 

R5 until the ADC output code flickers between 1111 1111 1110 ADC output code flickers between 0111 1111 1111 and 

and 1111 1111 1111. 1000 0000 0000. 
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TIMING AND CONTROL 

Conversion start and data read operati ons are controlled by two 
of the AD7672 digital inputs; CS and RD. Figure 15 shows the 
equivalent logic circu it of these inputs. A high-to-low logic 
transition on CS and RD initiates a conversion. Once initiated it 
cannot be restarted until convers ion is complete. Converter 
status is indicated by the BUSY output, and this is low while 
conversion is in progress. 


SLOW MEMORY MODE 

Figure 16 shows the timing diagram for Slow Memory Mode. 

CS and RD going low triggers a conversion and the AD7672 
acknowledges by taking BUSY low. Data from the previo us 
conversion appears on the three-state data outputs. BUSY returns 
high at the end of conversion when the output latches have been 
updated and the conversion result is placed on the output data 
bus. 



"ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 15. internal Logic for uontroi inputs CS and HU 

There are two modes of operation as outlined by the timing 
diagrams of Figures 16 and 17. Slow Memory Mode is designed 
for microprocessors that can be driven into a WAIT state, a 
READ operation brings CS and RD low, which initiates a con- 
version and data is read when conversion is complete. The 
second is the ROM Mode, which does not require microprocessor 
WAIT states. A READ operation brings CS and RD low 
which initiates a conversion and reads the previous conversion 
result. The data format for both modes is designed for parallel 
interfacing. 



Figure 16. Slow Memory Mode Timing Diagram 



ROM MODE 

The ROM Mode avoids placing a microprocessor into a wait 
state. A conversion is started with a READ operation and the 
12-bits of data from the previous conversion are available on the 
data outputs while CS and RD are low. This data may be disre- 
garded if not required. A second READ operation reads the 
new data and starts another conversion. A delay at least as long 
as the AD7672 conversion time must be allowed between READ 
operations. 

MICROPROCESSOR INTERFACING 

The AD7672 is designed to interface to microprocessors as a 
memory mapped device. The CS and RD inputs are common 
control inputs to all peripheral memory interfacing. 

MC68000 MICROPROCESSOR 

Figure 18 shows a typical interface for the MC68000. The AD7672 
is operating in the Slow Memory Mode. Assuming the AD7672 
is located at address C000 then the following single 16-bit MOVE 
instruction both starts a conversion and reads the conversion 
result. 

Move.W $C000,D0 

At the beginning of the instructi on cycle w hen the ADC address 
is selected, BUSY and CS assert DTACK, so that t he 6800 0 is 
forced into a WAIT state. At the end of conversion BUSY 
returns high and the conversion result is placed in the DO register 
of the UP. 



Figure 18. AD7672 -MC68000 Interface 


Figure 17. ROM Mode Timing Diagram 
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8085A, Z-80 MICROPROCESSORS 

Figure 19 shows an AD7672 interface for the Z-80 and 8085A. 
The AD7672 is operating in the Slow Memory Mode and a two 
byte read is required. Not shown in the Figure is the 8-bit latch 
required to demultiplex the 8085 A common address/data bus. 
The following LOAD instruction starts a conversion and reads 
the conversion result into the HL register pair. 

For the 8085 A LHLD (B000) 

For the Z-80 LDHL (B000) 

This is a two byte read instruction. During the first read operation, 
BUSY forces the microprocessor to wait for the AD7672 conver- 
sion. At the end of conversion the low byte (DB7-DB0) is loaded 
into the HL register pair and the high byte (DB11-DB8) is 
latched into a 74HC374. No WAIT states are inserted during 
the second read operation when the microprocessor is reading 
the high data byte. 



Figure 19. AD7672 - 8085A/Z80 Interface 


IBM PC* COMPUTER 

The - 12V power supply operation of the AD7672 makes it an 
ideal choice for the IBM PC. A typical interface is shown in 
Figure 20. The AD7672 is configured in the ROM mode. Two 
addresses are required to read the 12-bit ADC data over the 8- 
bit data bus. An I/O read instruction to the ADC address (B000) 
starts a conversion and reads the low data byte (DB7-DB0). 

This data is from the previous conversion. The high byte (DB11- 
DB8) may be read with a similar I/O instruction to the 74HC374 
latch (address B001). Alternatively the up-to -date d ata may be 
read at the end of conversion. The AD7672 BUSY may be used 
to interrupt the IBM PC as shown in Figure 20. The data is 
then read with two I/O instructions as before. Note a read in- 
struction to the ADC should not be attempted while conversion 
is in progress. 



Figure 20. AD7672 - IBM PC Interface 

ADSP-2I00 DIGITAL SIGNAL PROCESSOR 

The A DSP-2 100 like other digital signal processors requires 
very fast data access times beyond the capabilities of the AD7672. 
This problem is easily overcome by inserting 74HC374 latches 
in the data bus as in Figure 21. Again for this interface a single 
instruction is sufficient to read the AD7672 conversion result. 

MRO = DM (ADC ADDRESS) 

This instruction initiates a conversion and reads t he p revious 
conversion result into the MRO register. CS and RD are gated 
so that they remain low for the duration of the conversion. Note 
that no WAIT states are inserted even though the AD7672 is 
configured for a Slow Memory mode. At the end of conversion, 
BUSY going high latches the new result into the 74HC374 
latches. An RC delay is inserted to compensate for the data 
setup time after BUSY (t 6 ). 



"LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 21. AD7672 - ADS P-2 100 Interface 


*IBM PC is a trademark of International Business Machines Corp. 


ANALOG-TO-DIGITAL CONVERTERS 3-319 












TMS32010 MICROCOMPUTER 

Figure 22 shows an AD7672-TMS32010 interface. The AD7672 
is operating in the ROM mode. The interface is designed for a 
maximum TMS32010 clock frequency of 18MHz but will typically 
work over the full TMS32010 clock frequency range. 

The AD7672 is mapped at a port address. The following I/O 
instruction starts a conversion and reads the previous conversion 
result into data memory. 

IN A, PA (PA = PORT ADDRESS) 

When conversion is complete, a second I/O instruction reads the 
up-to-date data into the accumulator and starts another conversion. 

A delay at least as long as the ADC conversion time must be 
allowed between I/O instructions. Figure 22. AD7672 - TMS32010 Interface 



‘LINEAR CIRCUITRY OMITTED FOR CLARITY 


APPLICATION HINTS 

Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed A/D performance. 
For 12-bit performance the AD7672’s comparator is required to 
make bit decisions to an accuracy of 0.61 mV. To achieve this, 
the designer has to be conscious of noise both in the ADC itself 
and the preceding analog circuitry. Switching mode power supplies 
are not recommended as the switching spikes will feed through 
to the comparator causing noisy code transitions. Other causes 
of concern are ground loops and digital feedthrough from 
microprocessors. These are factors which influence any ADC, 
and a proper PCB layout which minimizes these effects is essential 
for best performance. 

LAYOUT HINTS 

Ensure that the layout for the printed circuit board has the 
digital and analog signal lines separated as much as possible. 
Take care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 3 (AGND) or as close as 
possible to the AD7672 as shown in Figure 23. Connect all 
other grounds and Pin 12 (AD7672 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC, so make the foil width for these tracks as wide as 
possible. The use of ground planes minimizes impedance paths, 
while guarding the analog circuitry from digital noise. The 
circuit layout of Figures 29 and 30 have both analog and digital 
ground planes which are kept separated and only joined together 
at the AD7672 AGND pin. 

NOISE: Keep the input signal leads to AIN and signal return 
leads from AGND (Pin3) as short as possible to minimize input 
noise coupling. In applications where this is not possible use a 
shielded cable between the source and the ADC. Reduce the 
ground circuit impedance as much as possible, since any potential 
difference in grounds between the signal source and the ADC 
appears as an error voltage in series with the input signal. 

Microprocessor applications generate noisy environments, making 
12-bit performance difficult to achieve, especially when the 
ADC is connected to a continously active bus. The problem can 


be eliminated by forcing the microprocessor into a WAIT state 
during conversion (see Slow Memory Mode interfacing), or by 
using three-state buffers to isolate the AD7672 data bus. 



Figure 23. Power Supply Grounding Practice 

DATA ACQUISITION APPLICATION 

Figure 24 shows a typical data acquisition circuit designed for a 
microprocessor environment. The corresponding PCB layout 
and silk screen are shown in Figures 28 to 30. The analog input 
is applied to a Sample-and-Hold Amplifier (SHA) which can 
either be an AD683, an AD681 or an AD585. (See Figures 25 
and 26.) A voltage reference (AD588) provides the appropriate 
biasing for any of the three analog input ranges. The data bus 
outputs are buffered with 74HC374 latches. These provide data 
bus isolation and improve data access time. Data access time is 
reduced to under 30ns allowing interfacing to practically any 
microprocessor including the high-speed DSP processors. Data 
format can either be a complete parallel load for 16-bit micro- 
processors or a two byte load for 8-bit microprocesssors. 

Bus activity on the AD7672 CS and RD inputs during conversion 
can feedthrough to the comparator and cause LSB errors. Ideally 
these signals should be inactive during conversion. One way of 
achieving this is t o force them into an inactive state by gating 
them with BUSY as shown in Figure 24. R2 and C26 are included 
to provide a delay of approximately 100ns. This compensates for 
the data setup time after BUSY goes high ensuring valid data 
gets loaded into IC5 and IC6. 
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Figure 24. Data Acquisition Circuit Using the AD7672 
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Figure 25. AD683/AD681 SHA Connection Diagram for Figure 26. AD585 SHA Connection Diagram for Figure 24 
Figure 24 
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SAMPLE-AND-HOLD OPERATION 

The PCB layout of Figures 29 and 30 can accommodate either 
the AD683, the AD681 or the AD585 sample-and-hold amplifier. 
The choice of SHA depends mainly on the acquisition time 
required. 

However, another important consideration with sample-and-hold 
interfacing is settling time. This is the time required by the 
sample and hold amplifier output to settle after receiving a 
HOLD command. To allow for this, there must be a delay 
which is at least as long as the SHA settling time between the 
HOLD command and the AD7672’s first MSB decision. When 
initiating a conversion, if the SHA’s HOLD input and the AD7672 
CS and RD inputs are asserted together, then this delay can 
vary from one to two clock periods. This corresponds to a delay 
of 800ns to 1600ns for the AD7672XX10, 400ns to 800ns for 
the AD7672XX05 and 250ns to 500ns for the AD7672XX03. 
Under these conditions a settling time of less than 200ns is 
required by the SHA to satisfy all speed grades of the AD7672. 
This figure allows an additional 50ns for the AD7672XX03 
internal comparator. Both the AD683 and AD681 meet this 
condition. However, since the AD585 is specified with a settling 
time of 500ns, the 10|xs version of the AD7672 is the only one 
of the three-speed grades guaranteed to meet this timing re- 
quirement. This settling time requirement may be met with the 
higher speed grades by using either an additional circuit delay 
or by synchronizing the control inputs with the clock. Both of 
these methods are discussed below. 


EXTERNAL CONNECTIONS 

The PCB layout is designed so that all external connections 
except the V DD and V S s power supplies can be made by any of 
three ways: 

1 . 32 way single sided edge connector, 

2. Euro card connector, SKT3 

3. 20-pin DIP socket. (SKT2 on the silk screen). 

The pinout for the 20-pin DIP socket is shown below and the 
other pinouts are shown in Figures 24 and 30. The Vdd and 
Vss power supplies are connected at the top of the board (see 
Figure 28, Silk Screen). 



AD7672 - AD585 INTERFACE 

The 500ns settling time requirement of the AD585 must be 
allowed for, at the start of conversion when interfacing to the 
3/xs and 5jjls versions of the AD7672. It may be achieved for the 
5|xs version by using either one of two methods. The first is to 
synchronize the control inputs with the ADC clock as follows; 
when initiating a conversion CS and RD (CSTART in Figure 
24) should go low on a falling CLK IN edge. This guarantees 
two clock periods between conversion start and the first MSB 
decision. 

The second method will work for both the 3jxs and 5jxs parts. It 
compensates for settling time by inserting an external delay 
between the AD7672 CS and RD inputs and the AD585 HOLD 
input. The length of this delay should be equal to the sample-and- 
hold amplifier setding time. It is shown as an optional RC delay 
in Figure 24 which must be bypassed if not used. Note it is not 
required for the slower 10|xs, AD7672XX10 or when either the 
AD683 or the AD681 is used with any speed grade of the 
AD7672. 


PIN FUNCTION DESCRIPTION 

C. START Conversion Start going low initiates a 

conversion. 

OUT1 Active Low, three-state control for DB7- 

DB0. 

OUT2 Active Low, three-state control for DB11- 

DB8. 

BUSY AD7672 Status Output. BUSY is low during 

conversion. 


CLK IN 


DB11-DB0 

5V 

DGND 


AD7672 CLK IN input. Note the board has 
a facility for an on-board crystal oscillator or 
a ceramic resonator. 

Three-State data outputs. 

5V power supply. 

Digital Ground 


INPUT RANGE SELECT OPTIONS 

There are three analog input ranges which are user selectable by 
placing links on the PCB as shown in Table I below. These 
options are located between IC2 and IC3. 


Range 

(Volts) 

Links Required 

0to5 

Connect E to F 

A- B, C- D = Open Circuit 

Oto 10* 

Connect C to D 

: A - B, E-F = Open Circuit 

- 5 to + 5 

Connect A to B 

: C - D , E - F = Open Circuit 


*Due to headroom limitations at 12V power supplies, the AD585 sample- 
and-hold amplifier is not suitable for the 0-1 0V range. 

Table /. Input Range Link Options 
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COMPONENT LIST 

IC1 Sample and hold, IC1 can occupy one of 

two positions depending on the sample-and- 
hold model. These positions are outlined 
in Figure 27. The plated-through holes 
denoted by “1” are configured for the 
AD683/AD681 and the plated-through 
holes denoted by “2” are configured for 
the AD585. 


*© © © © 
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Figure 27. PCB Sample-and-Hold Amplifier Options 


IC2 AD588 Voltage Reference. 

IC3 AD7672 Analog-to-Digital Converter. 

IC4 74HC00 Quad NAND Gate. 

IC5, IC6 74HC374 Ocatal Latches with Three-State 

Outputs. 


Cl, C3, C5, C7, 

Cll, C15, C17, 10|xF Capacitors. 

C19, C21, C23 

C2, C4, C6, C8, 

C12, C16, C18, O.lfjiF Capacitors. 

C20, C22, C24 

C25 1|jlF 

C9 10|xF Capacitor, Required for ± 5V Range 

Only. 

CIO O.ljxF Capacitor, Required for ±5V Range 

Only. 

Cl 3, C14 Crystal/Ceramic Resonator Capacitors 

Values Depend on the Manufacturer. For 
example: 4MHz XTAL (HC - 18/U) from 
IQD; C13, C14 = 30pF; 2.5MHz (HC 18/ 
U) and 1.2288MHz (HC 33/U) from An- 
derson; No Capacitors Required. 

C26 22pF. 

C27 470pF, Sample-and-Hold Delay (See Sam- 

ple-and-Hold Operation) Omit C27 if this 
delay is not required. 

R1 39k. 

R2 4.7k. 

R3 lk, Sample-and-Hold Delay (See Sample- 

and-Hold Operation) Replace with a wire 
link if this delay is not required. 

SKT1 Subminiature Connector from Greenpar. 

TEST POINTS 

TP1 - Analog Input TP3 - CLK IN 

TP2 - Analog Ground TP4 - AD7672 BUSY Output 
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□ ANALOG LC 2 M0S 

DEVICES Analog I/O Port 


AD7769 


FEATURES 

Two-Channel, 8-Bit 2.5 jjis ADC 
Two 8-Bit, 2.5 jjis DACs with Output Amplifiers 
Span and Offset of ADC and DAC 
Independently Adjustable 
Low Power 

APPLICATIONS 

Winchester Disk Servo Controllers 
Floppy Disk Microstepping 
Closed Loop Servo Systems 


GENERAL DESCRIPTION 

The AD7769 is a complete, two-channel, 8-bit, analog I/O port. 
It has versatile input and output signal conditioning features 
(patent pending) that make it ideal for use in head-positioning 
servos in Winchester disk systems. It is equally suitable for 
floppy disk microstepping head positioning, other closed loop 
digital servo systems and general purpose 8-bit data acquisition. 

The AD7769 contains a high speed successive approximation 
ADC, preceded by a two-channel multiplexer and signal condi- 
tioning circuits. The input span of the ADC and the offset of 
the zero point from ground can be independently set by apply- 
ing ground referenced voltages. The AD7769 also contains two 
independent, fast settling, 8-bit DACs with output amplifiers. 
The output span and offset voltage of the DACs can be set inde- 
pendently of those of the ADC. This makes the AD7769 espe- 
cially useful in disk drives, where only a positive supply rail is 
available and the ranges of the ADC and DACs must be refer- 
enced to some positive voltage less than the supply. 

The AD7769 is easily interfaced to a standard 8-bit mpu bus via 
an 8 -bit data port and standard microprocessor control lines. 

The AD7769 is fabricated in Linear Compatible CMOS 
(LC 2 MOS), an advanced, mixed technology process that com- 
bines precision bipolar circuits with low power CMOS logic. 

The part is available in a 28-pin plastic DIP and 28-terminal 
PLCC package. 


AD7769 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. Two-Channel, 8-Bit Analog I/O port on a Single Chip. 

The AD7769 contains a two-channel, high speed ADC with 
input signal conditioning and two, fast settling 8 -bit DACs 
with output amplifiers, on a single chip. 

2. Independent Control of Span and Offset. 

The input voltage span of the ADC and the midpoint of the 
transfer function, the output voltage swing of the two DACs 
and the half-scale output voltage, can be set independently 
by applying ground referenced control voltages. 

3. Dynamic Specifications for DSP Users. 

In addition to the traditional ADC and DAC specifications, 
the AD7769 is specified with ac parameters including signal- 
to-noise ratio, distortion and signal bandwidth. 

4. Fast Microprocessor Interface. 

The AD7669 has bus interface timing compatible with all 
modern microprocessors, with bus access and relinquish 
times less than 65 ns and a Write pulse width less than 
90 ns. 
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SPECIFICATIONS 


(V DD = +12 V ±10%; V cc = +5 V ±5%; AGHD [ADC] = AGND [DAC] = DGND = 0 V; 

Ann cnrnirioATinuc ^ B,AS = ^swing [ADC] = +2.5 V; f CLK = 5 MHz external. All specifications T mjn to T^ 1 
AUU ortUlNUAMUNd unless otherwise stated.) 


Parameter 

J Version 

K Version 

Units 

Conditions/Comments 

DC ACCURACY 





Resolution 

8 

★ 

Bits 


Relative Accuracy 

±1 

★ 

LSB max 

See Terminology 

Differential Nonlinearity 

±1 

★ 

LSB max 

No Missing Codes. See Terminology. 

Bias Offset Error 




See Terminology 

+25°C 

±3.0 

±2.5 

LSB max 


T m jn to 

Bias Offset Match 

±3.5 

±3.0 

LSB max 

Channel A to Channel B 

+25°C 

±2.5 

* 

LSB max 


T mi „ to T max 

Plus or Minus Full-Scale Error 

±3.5 

* 

LSB max 

See Terminology 

+25°C 

±2.0 

★ 

LSB max 


T min to T max 

Plus or Minus Full-Scale Match 

±2.5 

★ 

LSB max 

Channel A to Channel B 

+25°C 

±3.5 

★ 

LSB max 


T m ,„ to T m „ 

±4 

★ 

LSB max 


ADC TO DAC MATCHING 




Channel A/B to V oux A/B 

Bias Offset Match 




V BIAS (DAC) = +5 V, V SWING (DAC) = +2.5 V. 

+25°C 

±3.5 

±2.5 

LSB max 


T min to T max 

Plus or Minus Full-Scale Match 

±4.0 

±3.5 

LSB max 


+25°C 

±3.5 

★ 

LSB max 


T m ,„ to T m „ 

±4.0 

★ 

LSB max 


DYNAMIC PERFORMANCE 2 





Signal-to-Noise Ratio (SNR) 

44 

★ 

dB min 

Vtkt = 100 kHz Full-Scale Sine Wave with Lampt t wr. = 400 kHz 

Total Harmonic Distortion (THD) 

48 

★ 

dB max 

Vtm = 100 kHz Full-Scale Sine Wave with Lampt rwr. = 400 kHz 

Intermodulation Distortion (IMD) 

60 

★ 

dB typ 

f a = 99 kHz, f h = 96.7 kHz with Lampum^ = 400 kHz 

Frequency Response 

0.1 

★ 

dB typ 

V IN = Full-Scale, dc to 200 kHz Sine Wave 

ANALOG INPUTS 





Input Voltage Ranges, V IN A,V IN B 

Vbias V SW ing or 0 

V min 

Whichever Is the Higher 


Vbias + V SW ing or 9.8 

V max 

Whichever Is the Lower 

Input Currents, I IN A, I IN B 

±0.4 

★ 

mA max 


ADC REFERENCE INPUTS 





Input Voltage Levels 





V BIAS (ADC) 

2/6.8 

★ 

V min/max 

With Respect to AGND (ADC). For Specified Performance. 

Vswing (ADC) 

Input Currents 

2. 0/3.0 

* 

V min/max 

With Respect to AGND (ADC). For Specified Performance. 

V B ias (ADC) Input 

±800 

★ 

|xA max 


Vswing (ADC) Input 

±1 

★ 

|aA max 


LOGIC OUTPUTS 





DB0-DB7, INT 





V OL , Output Low Voltage 

0.4 

★ 

V max 

Isink = 1*6 mA 

V 0 h> Output High Voltage 
DB0-DB7 

4.0 

★ 

V min 

Isource = 200 pA 

Floating State Leakage Current 

±10 

★ 

(xA max 


Floating State Capacitance 2 

10 

★ 

pF max 


Output Coding 

| Offset Binary 



POWER REQUIREMENTS 





V cc Range 

4.75/5.25 

★ 

V min/Vmax 

For Specified Performance. The Part Will Function with V cc = 5 V 
± 10% with Degraded Performance. 

V DD Range 

10.8/13.2 

* 

V min/V max 

For Specified Performance 

Idd @ +25°C 

20 

* 

mA max 

For ADC and DAC: V BIAS = 5.0 V; V SW1NG = 3.0 V; V IN A, V IN B = 

Tnun tO T max 

22 

★ 

mA max 

V BIAS ; DAC Code = FF (Hex); DACA and DACB Load = 5 kH to 
AGND (DAC). Typically I DD = 14 mA. 

Ice @ “b 25°C 

5 

* 

mA max 

Logic Inputs = 2.4 V, CLK Input = 0.8 V. Typically I cc =1.5 mA. 

T^n tO T max 

6 

★ 

mA max 



NOTES 

‘Temperature range as follows: J, K Versions; 0 to +70°C. 
2 Sample tested at +25°C to ensure compliance. 
^Specification same as J Version. 

Specifications subject to change without notice. 
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AD7769 


(V DD = 4-12 V ±10%; V cc = +5 V ±5%; AGND [DAC] = AGND [ADC] = DGND = 0 V; 
V BIAS [DAC] = +5 V; V SW1NG [DAC] = +2.5 V; V 0UT A, V 0UT B load to AGND [DAC], 


DACA, DACB SPECIFICATIONS R l = 5 k ft, C L = 100 pF. All specifications T min to T^ 1 unless otherwise stated.) 


Parameter 

J Version 

K Version 

Units 

Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

8 

★ 

Bits 


Relative Accuracy 

±1 

★ 

LSB max 

See Terminology 

Differential Nonlinearity 

±1 

★ 

LSB max 

Guaranteed Monotonic. See Terminology. 

Bias Offset Error 




See Terminology 

+25°C 

±2.0 

★ 

LSB max 


Tmil, 10 T„ 

±2.5 

★ 

LSB max 


Bias Offset Match 




Vqut A to V OUT B 

+25°C 

±2.5 

★ 

LSB max 


T m ,„ to T m „ 

±3.5 

★ 

LSB max 


Plus or Minus Full-Scale Error 




See Terminology 

+25°C 

±2.0 

±1.5 

LSB max 


T min to T max 

±2.0 

★ 

LSB max 


Plus or Minus Full-Scale Match 




Vqut A to Vqut ® 

+25°C 

±3.5 

★ 

LSB max 


T m in tO T max 

±4.0 

★ 

! 

LSB max 


ADC to DAC MATCHING 

| As Per ADC Specifications 

DYNAMIC PERFORMANCE 2 





Signal-to-Noise Ratio (SNR) 

44 

★ 

dB min 

Vottt = 20 kHz Full-Scale Sine Wave With fs A mpt tnci = 400 kHz 

Total Harmonic Distortion (THD) 

48 

★ 

dB max 

VniTT = 20 kHz Full-Scale Sine Wave With f^ a mpt imp. - 400 kHz 

Intermodulation Distortion (IMD) 

55 

★ 

dB typ 

f a = 18.4 kHz, f b = 14.5 kHz with Sampling = 400 kHz 

ANALOG OUTPUTS 





Output Voltage Ranges 





VoutA, V 0 u T B 

Vbias V swing or 0.5 

V min 

Whichever Is the Higher 


Vbias + V SWING or 




V DD -2.0 


V max 

Whichever Is the Lower 

DC Output Impedance 

0.5 

★ 

fl typ 


Short-Circuit Current 

20 

★ 

mA typ 


DAC REFERENCE INPUTS 





Input Voltage Levels 





Vbias (DAC) 

3/6.8 

* 

V min/max 

With Respect to AGND (DAC). For Specified Performance. 

Vswing (DAC) 

2. 0/3.0 

★ 

V min/max 

With Respect to AGND (DAC). For Specified Performance. 

Input Currents 





Vbias (DAC) Input 

±2 

★ 

(xA max 


Vswing (DAC) Input 

±1 

★ 

puA max 


AC CHARACTERISTICS 2 





Voltage Output Settling Time 

4 

★ 

jxs max 

Settling Time to Within ±1/2 LSB of Final Value. Typically 2.5 jxs. 

Digital-to-Analog Glitch Impulse 

30 

★ 

nV sec typ 

See Terminology 

Digital Feedthrough 

1 

* 

nV sec typ 

See Terminology 

LOGIC INPUTS 





CS, RD, WR, ADC/DAC, CHA/CHB, 





DB0-DB7 





Input Low Voltage, V INL 

0.8 

★ 

V max 


Input High Voltage, V INH 

2.4 

★ 

V min 


Input Leakage Current 

±10 

★ 

jaA max 


Input Capacitance 

10 

★ 

pF max 


CLK 





Input Low Voltage 

0.8 

★ 

V max 

External Clock. For Internal Clock Operation Connect 

Input High Voltage 

2.4 

★ 

V min 

the CLK Pin to V DD . 

Input Leakage Current 

±10 

★ 

(jlA max 


DB0-DB7 





Input Coding 

| Offset Binary j 



POWER REQUIREMENTS 

As per ADC Specifications 


NOTES 

'‘Temperature range as follows: J, K Versions; 0 to + 70°C. 
2 Sample tested at +25°C to ensure compliance. 
^Specifications same as J Version. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 ' 2 


(V cc = +5 V ±5%; V D0 = +12 V ±10%; AGND [ADC] = AGND [DAC] = DGND = 0 V. 
For ADC and DAC, V BIAS = +5 V, V SWING = +2.5 V.) 


Parameter 

Label 

Limit at 
+25°C 

Limit at 

T T 

min? * max 

Units 

Test Conditions/Comments 

ADC/DAC CONTROL TIMING 






CS to WR Setup Time 

ti 

0 

0 

ns min 


CS to WR Hold Time 

t 2 

0 

0 

ns min 


ADC/DAC to WR Setup Time 

h 

0 

0 

ns 


ADC/DAC to WR Hold Time 

U 

0 

0 

ns min 


CHA/CHB to WR Setup Time 

t 5 

0 

0 

ns min 


CHA/CHB to WR Hold Time 

t 6 

0 

0 

ns min 


WR Pulse Width 

t 7 

80 

80 

ns min 


ADC CONVERSION TIMING 






Using External Clock 





Load Circuit of Figure 3, C L = 20 pF 

WR to INT Low Delay 

h 

2.6 

2.6 

ixs max 


Using Internal Clock 





Load Circuit of Figure 3, C L = 20 pF 

WR to INT Low Delay 

h 

1. 9/3.0 

1. 9/3.0 

|xs min/max 

Typically 2.5 |xs 

WR to INT High Delay 

*9 

85 

85 

ns max 

Load Circuit of Figure 3, C L = 20 pF 


*9 

120 

120 

ns max 

Load Circuit of Figure 3, C L = 100 pF 

WR to Data Valid Delay 3 

Uo 

t 8 + 70 

t 8 +70 

ns max 

Load Circuit of Figure 1, C L = 20 pF 


Uo 

t 8 +110 

t 8 +110 

ns max 

Load Circuit of Figure 1, C L = 100 pF 

ADC READ TIMING 






CS to RD Setup Time 

til 

0 

0 

ns min 


CS to RD Hold Time 

tl2 

0 

0 

ns min 


RD to Data Valid Delay 3 

t 13 

15/65 

15/65 

ns min/max 

Load Circuit of Figure 1 , C L = 20 pF 


tl3 

30/100 

30/100 

ns min/max 

Load Circuit of Figure 1, C L = 100 pF 

Bus Relinquish Time after RD High 4 

tl4 

15/65 

15/65 

ns min/max 

Load Circuit of Figure 2 

RD to INT High Delay 

tl5 

80 

80 

ns max 

Load Circuit of Figure 3, C L = 20 pF 


tl5 

110 

110 

ns max 

Load Circuit of Figure 3, C L = 100 pF 

RD Pulse Width 

tl6 

tl3 

tl3 

ns min 

Determined by t 13 

DAC WRITE TIMING 






Data Valid to WR Setup Time 

t- 1 7 

65 

65 

ns min 


Data Valid to WR Hold Time 

t- 1 8 

15 

20 

ns min 


WR to DAC Output Settling Time 

tl9 

4 

4 

ixs max 

Load Circuit of Figure 4 


NOTES 

‘See Figures 11, 12 and 13. 

2 Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
3 t, 0 and t, 3 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

4 t, 4 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


+5 V +5 V 



a. High-Z to V OH b. High-Z to V OL a. V OH to High-Z b. V OL to High-Z 


Figure 1. Load Circuits for Data Access Time Test 


Figure 2. Load Circuits for Bus Relinquish Time Test 


INT 




AGND (DAC) 


Figure 3. Load Circuit for RD and WR to INT Delay Test 


Figure 4. Load Circuit for DAC Settling Time Test 
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ABSOLUTE MAXIMUM RATINGS* 

V DD to AGND or DGND -0.3 V, + 15 V 

V cc to DGND -0.3 V, V DD +0.3 V or 7 V 

(Whichever is Lower) 

AGND to DGND -0.3 V, V DD +0.3 V 

Digital Inputs to DGND 

(Pins 12, 13, 15-18) -0.3 V, V DD +0.3V 

Digital Outputs to DGND 

(Pins 3-10, 11) - 0.3 V, V cc + 0.3 V 

Analog Inputs to AGND -0.3 V, V DD +0.3 V 

Analog Outputs to AGND -0.3 V, V DD +0.3 V 

Operating Temperature Range 

Commercial (J, K Versions) 0 to +70°C 


Power Dissipation (Any Package) 

to +75°C 500 mW 

Derates Above +75°C by 6 mW/°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 secs) + 300°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at any one time. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



ORDERING INFORMATION 
Temperature Range and Package Options 1 


0 to +70°C 


Plastic DIP (N-28) 

PLCC (P-28A) 2 

AD7769JN 

AD7769JP 

AD7769KN 

AD7769KP 


NOTES 

^ee Section 14 for package outline information. 
2 PLCC: Plastic Leaded Chip Carrier. 


NOTE 

Do not allow Vcc to exceed V DD by more than 0.3 V. In cases 
where this can happen the diode protection scheme shown below 
is recommended. 



DIP 


PIN CONFIGURATION 

PLCC 
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PIN FUNCTION DESCRIPTION 
Pin Mnemonic Description 

1 v DD + 12 V Power Supply. This powers the analog circuitry. 

2 V cc +5 V Power Supply. This powers the logic circuitry. 

3-10 DB7-DB0 Input/Output Data Bus. A bidirectional data port from which ADC output data may be read and 

to which DAC input data may be written. DB7 is the Most Significant Bit. 

11 INT Interrupt Output (active low). INT is set high on the falling edge of RD or WR to the ADC and 

goes low at the end of a conversion. 

12 CLK Clock input. A clock is required for the ADC. An external TTL-compatible clock may be applied 

to this input pin. Alternatively, tying this pin to V DE> enables the internal clock oscillator. With 
an external clock, the mark-space ratio can vary from 30/70 to 70/30. 

13 CHA/CHB Channel A/Chan nel B Select Input. Select s Channel A or Channel B of the DAC or ADC. Used in 

conjunction with WR, RD, CS and ADC/DAC for read or write operations. 

14 DGND Digital Ground. 

15 ADC/DAC ADC or DAC Se lect I nput. Selects either the ADC or the DAC for read or write operations in 

conjunction with WR, RD, CS and CHA/CHB. 

16 WR Write Input (edge triggered). This is used in conjunction with the ADC/DAC, CHA/CHB and CS 

control inputs to start an ADC conversion or write data to the DAC. An ADC conversion starts 
on the rising edge of WR. 

17 RD Read Input (active low). This input must be low to access data from the ADC. 

18 CS Chip Select Input (active low). The device is selected when this input is low. 

19 V SWING (ADC) ADC Reference Input. The voltage applied to this pin with respect to AGND (ADC) sets the 

input voltage Full-Scale Range (FSR) of the ADC. V IN (FSR) = 2 V SWING (ADC). 

20 AGND (ADC) ADC Analog Ground. 

21 V in B Analog Input for Channel B. See V IN A description. 

22 V B1AS (ADC) ADC Reference Input. The voltage applied to this pin with respect to AGND (ADC) sets the 

midpoint of the ADC transfer function. 

23 V in A Analog Input for Channel A. The input voltage range of both ADC channels is given by: 

V IN A/B = V BIAS (ADC) ±V S wing (ADC). 

24 AGND (DAC) DAC Analog Ground. 

25 V SWING (DAC) DAC Reference Input. The voltage applied to this pin with respect to AGND (DAC) sets the out- 

put voltage Full-Scale Range (FSR) of the DACs. Vqut (FSR) = 2 V SWING (DAC). 

26 V oux B Analog Output Voltage from DAC B. See V OUT A description. 

27 V BIAS (DAC) DAC Reference Input. The voltage applied to this pin with respect to AGND (DAC) sets the 

midpoint output voltage of the DACs. 

28 V oux A Analog Output Voltage from DAC A. The output voltage range of both DACs is given by: 

Vqut A/B = V BIAS (DAC) ± V SWING (DAC). 
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TERMINOLOGY 
Relative Accuracy 

For an ADC, Relative Accuracy or endpoint nonlinearity is the 
maximum deviation, in LSBs, of the ADC’s actual code transi- 
tion points from a straight line drawn between the endpoints of 
the ADC transfer function, i.e., the 00 to 01 and FE to FF Hex 
(01111111 to 11111111 Binary) code transitions. 

For a DAC, Relative Accuracy or endpoint nonlinearity is a 
measure of the maximum deviation, in LSBs, from a straight 
line passing through the endpoints of the DAC transfer func- 
tion, i.e., those voltages which correspond to codes 00 and FF 
Hex. 

For the specified input and output ranges, 1 LSB = 19.5 mV, 
but will vary with V SWING . For both DACs and ADC, 

1 LSB = 2 V swing / 256 = FSR / 256. 

Differential Nonlinearity 

Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB max 
ensures monotonicity (DAC) or no missed codes (ADC). 

Bias Offset Error 

For an ideal ADC, the output code for an input voltage equal to 
V bias (ADC), should be 80 Hex (10000000 binary). The ADC 
Bias Offset Error is the difference between the actual midpoint 
voltage for code 80 Hex and V BIAS (ADC), expressed in LSBs. 

For an ideal DAC, the output voltage for code 80 Hex should 
be equal to V BIAS (DAC). The DAC Bias Offset Error is the 
difference between the actual output voltage and V B i AS (DAC), 
expressed in LSBs. 

Plus and Minus Full-Scale Error 

The ADC and DACs in the AD7769 can be considered as 
devices with bipolar (plus and minus) input ranges, but referred 
to V BIAS instead of AGND. Plus Full-Scale Error for the ADC 
is the difference between the actual input voltage at the FE to 
FF code transition and the ideal input voltage (V BIAS + V SWING 
-1.5 LSB), expressed in LSBs. Minus Full-Scale Error is simi- 
larly specified for the 01 to 00 code transition, relative to the 
ideal input voltage for this transition (V BIAS - V SWING 
+0.5 LSB). Plus Full-Scale Error for the DACs is the differ- 
ence, expressed in LSBs, between the actual output voltage for 
input code FF and the ideal voltage (V BIAS + V S wing ~ 

1 LSB). Minus Full-Scale Error is similarly specified for code 
00, relative to the ideal output voltage (V BIAS - V SWING ). Note 
that Plus and Minus Full-Scale errors for the ADC and the 
DAC outputs are measured after their respective Bias Offset 
errors have been adjusted out. 


Digital-to-Analog Glitch Impulse 

Digital-to-Analog Glitch Impulse is the impulse injected into the 
analog outputs when the digital inputs change state with either 
DAC selected. It is normally specified as the area of the glitch 
in nV secs and is measured when the digital input code is 
changed by 1 LSB at the major carry transition. 

Digital Feedthrough 

Digital Feedthrough is also a measure of the impulse injected 
into the analog outputs from the digital inputs but is measured 
when the DACs are not selected. It is essentially feedthrough 
across the die and package. It is important in the AD7769 since 
it is a measure of the glitch impulse transferred to the analog 
outputs when data is read from t he A DC register. It is specified 
in nV secs and is measured with WR high and a digital code 
change from all 0s to all Is. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured Signal-to-Noise Ratio at the output of the 
converter. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; the more 
levels, the smaller the quantization noise. The theoretical SNR 
for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for an ideal 8-bit con- 
verter, SNR = 49.92 dB. 

Total Harmonic Distortion (THD) 

THD is the ratio of the rms sum of harmonics to the fundamen- 
tal. For the AD7769, Total Harmonic Distortion is defined as 

{V 2 2 + V 3 2 + V 4 2 + V 5 2 + V 6 2 )' /2 

20 log 

El 

where V : is the rms amplitude of the fundamental and V 2 , 

V 3 , V 4 , V 5 and V 6 are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion (IMD) 

With inputs consisting of sine waves at two frequencies, f a and 
f b , any active device with nonlinearities will create distortion 
products, of order (m+n), at sum and difference frequencies of 
mf a +nf b , where m, n = 0, 1, 2, 3 . . . Intermodulation terms 
are those for which m or n is not equal to zero. For example, 
the second order terms include (f a +f b ) and (f a -f b ) and the third 
order terms include (2f a +f b ), (2f a -f b ), (f a +2f b ) and (f a -2f b ). 
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LOGIC TRUTH TABLE 


ADC CHANNEL SELECT AND START CONVERSION 


cs 

ADC/DAC 

CHA/CHB 

WR 

RD 

DB0-DB7 

INT 

Comments 

0 

0 

X 

\ 

Note 1 

Note 1 

1 

INT Is Set on Falling Edge of WR. 

0 

0 

0 

f 

Note 1 

Note 1 

1 

Select ADC Channel A and Start Conversion. 

0 

0 

1 

i 

Note 1 

Note 1 

1 

0 

Select ADC Channel B and Start Conversion. 

INT Goes Low at End of Conversion. 


READ ADC DATA 


CS 

ADC/DAC 

CHA/CHB 

WR 

RD 

DB0-DB7 

INT 

Comments 

0 

X 

X 

X 


ADC Data 

1 

INT Is Set High on Falling Edge of RD. 

0 

X 

X 

X 

0 

ADC Data 

1 

ADC Data on Data Bus. 

0 

X 

X 

X 

I 

High-Z 

1 

Data Outputs High Impedance. 


WRITE TO DACA OR DACB 


CS 

ADC/DAC 

CHA/CHB 

WR 

RD 

DB0-DB7 

INT 

Comments 

0 

1 

0 

i 

1 

jxP Data 

N/C 

jxP Writing Data to DACA. 

0 

1 

1 

I 

1 

|jlP Data 

N/C 

|jlP Writing Data to DACB. 

0 

1 

0 

jT 

0 

ADC Data 

N/C 

Data from Last ADC Conversion Will Be Written to DACA. 

0 

1 

1 


0 

ADC Data 

N/C 

Data from Last ADC Conversion Will Be Written to DACB. 

1 

X 

X 

X 

X 

High-Z 

N/C 

No Operation. 


NOTES 

'If RD = 1, DB0-DB7 will remain high impedance. If RD = 0, DB0-DB7 will output previous ADC data. The RD input should not change during a 
conversion. 

2 X = Don’t Care. 

3 N/C = No Change. 


CIRCUIT DESCRIPTION 
Analog Inputs and Outputs 

The AD7769 provides the analog-to-digital and digital-to-analog 
conversion functions required between the microcontroller and 
the servo power amplifier in digital servo systems. It is intended 
primarily for closed loop head positioning in Winchester disk 
drives but may also be used for microstepping in drives with 
stepper motor head positioning or other servo applications. The 
AD7769 contains a high speed, 8-bit, sampling ADC with two 
input channels and two 8-bit DACs with output buffer amplifi- 
ers. A unique feature of the AD7769 is the input and output 
signal conditioning circuitry which allows the analog input and 
output voltages to be referred to a point other than analog 
ground. The input range and offset of the ADC, the output 
swing and offset of the DACs may be adjusted independently by 
the application of ground-referenced, positive control voltages, 
Vbias (ADC), V SWING (ADC), V BIAS (DAC) and V SWING 
(DAC). Thus, for example, the peak-to-peak output swing of 
the DACs could be set to 3 V above and 3 V below a bias volt- 
age of 5 V. 

Figures 5 and 6 show the transfer functions of the ADC and 
DACs and their relationship to V BIAS and V SWING . The mid- 
point code of the ADC, 80 Hex (10000000 Binary), occurs at an 
input voltage equal to V BIAS . The input FSR of the ADC is 
equal to 2 V SWING , so that the Plus Full-Scale code transition 
(FE to FF Hex) occurs at a voltage equal to V BIAS + V SW j NG 
-1.5 LSBs and the Minus Full-Scale code transition (01 to 00 
Hex) occurs at a voltage V BIAS - V S wing +0-5 LSBs. The 
transfer function of the DACs bears a similar relationship to 
V BIAS and V SWING . The DAC output voltage for code 80 Hex 


(10000000 binary) is equal to V BIAS , whilst FF Hex (11111111 
binary) gives an output voltage of V B ias + V SWING - 1 LSB 
(Plus Full-Scale) and 00 Hex gives an output voltage of V BIAS 
- V SWING (Minus Full-Scale). 

The ability to refer input and output signals to some voltage 
other than ground is of particular importance in disk drive 
applications. Typically, only +5 V digital and +12 V analog 
supply voltages are available, and the analog signals are often 
referred to a voltage around half the analog supply. 



Figure 5. ADC Transfer Function 
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01 


DAC A, DACB INPUT CODE (HEX) 

Vout = Vbias + V swing (2D-1) 
where D = N/256 

N = DAC INPUT CODE IN DECIMAL 

Figure 6. DAC Transfer Function 

Driving the Analog Inputs and Reference Inputs 

The analog inputs, V IN A and V IN B, must be driven from low 
output impedance sources, such as from op amps. In addition, 
V BIAS (ADC) must be driven from a similar type low impedance 
source (e.g., voltage reference). 

Op amps are not required to drive the V SWING (ADC), V B ias 
(DAC) and V SWING (DAC) inputs as these are high impedance 
inputs (200 nA typical input current) that feed into on-chip 
buffer amplifiers. The reference voltages for these inputs can be 
derived using suitable resistor divider networks. 

The analog reference available in the disk drive system can be 
used to set the bias voltage of the AD7769, and could also be 
attenuated to provide the reference for the input and output 
swing as shown in Figure 7. The same bias voltage would gener- 
ally (though not necessarily) be used for the ADC and the 
DACs, though the input and output ranges might be different. 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 7. Typical Analog Connections to the AD7769 


ADC Conversion Cycle 

Figure 8 shows the o perat ing waveforms for a conversion cycle. 
On the rising edge of WR, the conversion cycle starts with the 
acquisition and tracking of the selected ADC channel, V IN A or 
V in B. The analog input voltage is held 50 ns (typically) after 
the fourth falling edge of the input CLK following a conversion 
start. If t D in Figure 8 is greater than 150 ns, then the falling 
edge of the input CLK will be seen as the first falling clock 
edge. If t D is less than 150 ns, the first falling clock edge to be 
recognized will not occur until one cycle later. 



\+— CHANNEL ACQUISITION/TRACKING — 

I i 


I "HOLD" DB7 (MSB) DB0 (LSB) 

•TIMING SHOWN FOR t D GREATER THAN 150 ns 

Figure 8. Operating Waveforms Using External Clock 

Following the “hold” on the analog input, the MSB decision is 
made approximately 50 ns after the next falling edge of the 
input CLK. The succeeding bit decisions are made approxi- 
mately 50 ns after a CLK edge until conversion is complete. At 
the end of conversion, the INT line goes low 100 ns (typically) 
after the LSB decision and the SAR contents are transferred to 
the output latch. The SAR is then reset in readiness for a new 
conversion. 

Track-and-Hold 

The track-and-hold (T/H) amplifier on the analog input to the 
ADC of the AD7769 allows the ADC to accurately convert an 
input sine wave of 5 V peak-to-peak amplitude up to a 
frequency of 200 kHz, the Nyquist frequency of the ADC when 
operated at its maximum throughput rate of 400 kHz. This 
maximum rate of conversion includes conversion time and time 
between conversions. Because the input bandwidth of the track- 
and-hold is much greater than 200 kHz, the input signal should 
be band limited to avoid folding unwanted signals into the band 
of interest. 

DAC Outputs 

The D/A converter outputs are buffered with on-board, high 
speed op amps that are capable of driving 5 k H and 100 pF 
loads to AGND (DAC). Each output amplifier settles to within 
1/2 LSB of its final output value in typically less than 2.5 /xs. 

See Figures 9 and 10 for waveforms of the typical output set- 
tling time performance. 

The output noise from the amplifiers with full scale on the 
DACs is typically 200 jxV peak-to-peak. 
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Figure 9. Positive-Going Settling Time 



Figure 10. Negative-Going Settling Time 


Internal / External Clock Operation 

The AD7769 can be operated on either its own internal clock 
or with an externally applied clock signal . For internal clock 
operation the CLK input must be tied to V DD . No external 
components are required. The internal clock typically runs at 
5 MHz giving a typical conversion time of 2.5 |xs. For external 
clock operation the CLK input must be driven with a TTL/ 
HCMOS compatible input. The mark/space ratio of the clock 
signal can vary from 30/70 to 70/30. For an input frequency of 
5 MHz, the conversion time is 2.5 |xs. 

Digital Inputs and Outputs 

The AD7769 communicates over a standard, 8-bit microproces- 
sor data bus a nd is controlled by standard mpu control lines, 
CS, W R, RD, INT, plus two address lines, ADC/DAC and 
CHA/CHB, which select the DAC or ADC function and Chan- 
nel A or Channel B input/out put c hannel. The Chip Select. (CS) 
line selects the device, Write (WR) is used to initiate ADC con- 
versions or to write data to the DAC, depending on the state of 
ADC/DAC. INT is a status flag that indicates completion of a 
conversion, while RD is used to read ADC output data. The 
8-bit data port (DB0-DB7) is a bidirectional port into which 
data can be written to the two DAC registers, and from which 
data can be read from the ADC register. ADC output data may 
also be written directly into either of the DAC registers. 

These logical operations are detailed in Table I and in the tim- 
ing diagrams, Figures 11 to 13. Figures 12 and 13 show the 


fairly straightforward operations of reading ADC data and writ- 
ing data to the DACs, and need little explanation. Figure 1 1 
shows the timing for ADC channel selection and conversion 
start. This is more complicated as the state of the data outputs 
during a conversion depends on CS and RD. 

To initiate a conversion (or any other operation) the device must 
be s elected by taking CS low. A conversion is started by taking 
WR low, then high again (conversion starts on rising edge of 
WR). There are three possibilities for the state of the data out- 
puts during the conversion. 

1 . If RD is held high, the data outputs will be high impedance 
throughout the conversion. 

2. If RD and CS are both held low until after INT goes low, 
then DB0-DB7 will initially output data from the last con- 
version. After INT goes low the new conversion data will 
appear on DB0-DB7. 

3. If RD is held low but CS is taken high during the conver- 
sion, the device will be de-selected and DB0-DB7 will revert 
to their high impedance state. This will not affect completion 
of the conversion, but the data cannot be read, or any other 
operation performed, until CS is taken low again. 

4. Note that the state of RD should not be changed during a 
conversion. 



DB0-DB7 

(RD = 1) HIGH IMPEDANCE 


Figure 1 1. Timing for ADC Channel Select and Conversion 
Start 
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Figure 12. Timing for ADC Data Read 
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NOTE 1. THE TIME AXIS IS COMPRESSED FOR THIS SECTION OF THE DIAGRAM 

Figure 13. Timing for DAC Channel Select and Data Write 

DIGITAL SIGNAL PROCESSING APPLICATIONS 

In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the 
dynamic characteristics (SNR, Harmonic Distortion, Intermodu- 
lation Distortion) of both the ADC and DACs are critical. The 
AD7769 is specified dynamically as well as with standard dc 
specifications. Because the track/hold amplifier has a wide band- 
width, an antialiasing filter should be placed on the V IN A and 
V in B inputs to avoid aliasing of high frequency noise back into 
the bands of interest. 

The dynamic performance of the ADC is evaluated by applying 
a sine wave signal of very low distortion to the V IN A or Vin b 
input which is sampled at a 409.6 kHz sampling rate. A Fast 
Fourier Transform (FFT) plot or Histogram plot is then gener- 
ated from which SNR, harmonic distortion and dynamic differ- 
ential nonlinearity data can be obtained. For the DACs, the 
codes for an ideal sine wave are stored in PROM and loaded 


down to the DAC. The output spectrum is analyzed, using a 
spectrum analyzer to evaluate SNR and harmonic distortion per- 
formance. Similarly, for intermodulation distortion, an input 
(either to VIN or DAC code) consisting of pure sine waves at 
two frequencies is applied to the AD7769. 

Figure 14 shows a 2048 point FFT plot of the ADC with an 
input signal of 130 kHz. The SNR is 49.2 dB. It can be seen 
that most of the harmonics are buried in the noise floor. It 
should be noted that the harmonics are taken into account when 
calculating the SNR. The relationship between SNR and resolu- 
tion (N) is expressed by the following equation: 

SNR = (6.02A7+ 1.76) dB 

This is for an ideal part with no differential or integral linearity 
errors. These errors will cause a degradation in SNR. By work- 
ing backwards from the above equation, it is possible to get a 
measure of ADC performance expressed in effective number of 
bits (N). The effective number of bits is plotted versus fre- 
quency in Figure 15. The effective number of bits typically falls 
between 7.7 and 7.9, corresponding to SNR Figures 48.1 and 
49.7 dB. 

Figure 16 shows a spectrum analyzer plot of the output spec- 
trum from one of the DACs with an ideal sine wave table loaded 
to the data inputs of the DAC. In this case, the SNR is 47 dB. 




Figure 15. Effective Number of Bits vs. Frequency 
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Figure 14. ADC FFT Plot 


Figure 16. DAC Output Spectrum 
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Histogram Plot 

When a sine wave of specified frequency is applied to the V IN A 
or V in B input of the AD7769 and several thousand samples are 
taken, it is possible to plot a histogram showing the frequency 
of occurrence of each of the 256 ADC codes. If a particular step 
is wider than the ideal 1 LSB width, then the code associated 
with that step will accumulate more counts than for the code for 
an ideal step. Likewise, a step narrower than ideal width will 
have fewer counts. Missing codes are easily seen because a 
missing code means zero counts for a particular code. The 
absence of large spikes in the plot indicates small differential 
nonlinearity. 

Figure 17 shows a histogram plot for the ADC indicating very 
small differential nonlinearity and no missing codes for an input 
frequency of 204 kHz. For a sine wave input, a perfect ADC 
would produce a probability density function described by the 
equation: 

p (V] = « (A 2 -V 2 )“ 

where A is the peak amplitude of the sine wave and p (V) the 
probability of occurrence at a voltage V. The histogram plot of 
Figure 17 corresponds very well with this shape. 

In digital signal processing applications, where the AD7769 is 
used to sample AC signals, it is essential that the signal sam- 
pling occurs at exactly equal intervals. This minimizes errors 
due to sampling uncertainty or jitter. A precise timer or clock 
source, to start the conversion process, is the best method of 
generating equidistant sampling intervals. 



CODE 

Figure 17. ADC Histogram Plot 


MICROPROCESSOR / MICROCOMPUTER 
INTERFACING 

The AD7769 is designed for easy interfacing to microprocessors 
and microcomputers as a memory mapped peripheral or an I/O 
device. In addition, the AD7769 high speed bus timing allows 
direct interfacing to many DSP processors such as the 
TMS320C10 and ADSP-2101. 

AD7769 - TMS320CI0 Interface 

A typical interface to the TMS320C10 is shown in Figure 18. 
The AD7769 is mapped at a port address, and the interface is 
designed for the maximum TMS320C10 clock frequency of 
20 MHz. 

Conversion is initiated on the selected AD7769 ADC channel 
using a si ngle I /O instruction, <OUT ADC, A>. The processor 
then polls INT until it goes low before reading the conversion 
result using an <IN A, ADC> instruction. Writing data 
to the relevant AD7769 DAC consists of an <OUT DAC, A> 
instruction. 



Figure 18. AD7769 to TMS320C10 Interface 



Figure 19. AD7769 to ADSP-2101 Interface 
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AD7769 - ADSP-2101 Interface 

Figure 19 shows a typical interface to the DSP microcomputer, 
the ADSP-2101. The ADSP-2101 is optimized for high speed 
numeric processing tasks. 

Because the instruction cycle of the ADSP-2101 is very fast 
(80 ns cycle), the WR and RD pulses must be stretched out to 
suit the AD7769. This is easily achieved as the ADSP-2101 
memory interface supports slower memories and memory- 
mapped peripherals (i.e., AD7769) with a programmable wait 
state generation capability. A number of wait states, from 0 to 
7, can be specified for each memory interface. One wait state is 
sufficient for the interface to the AD7769. 

AD7769 - 8051 Interface 

A choice of two interface modes are available to the 805 1 
microcomputer. 

Figure 20 shows a typical interface to the 8051 processor bus. It 
is suitable for the maximum 8051 clock frequency of 12 MHz. 

In this interface mode, Port 0 provides the multiplexed low 
order address and data bus and Port 2 provides the high order 
address bus (A 8 -A 15 ). 

Figure 21 shows the AD7769 interfaced to the 8051 parallel I/O 
ports. This interface circuit is simpler to implement than the 
previous interface to the processor bus, but, in general, the 
maximum data throughput rate is much slower (for the same 
clock frequencies). In addition to its simplicity, the interface to 
the parallel I/O ports ve rsus the p roce ssor bus allows indepen- 
dent control of both the WR and RD inputs to the AD7769. 

For example, the 8051 can set both WR and RD low at the 
same time. This permits data from the last ADC conversion to 
be written directly from the ADC register into the selected DAC 
register (see Logic Truth Table). This allows very fast transfer 
of data from the ADC to the DAC and is a useful feature for 
some applications such as a fast, programmable, infinite sample- 
and-hold function. 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 20. AD7769 to 8051 (Processor Bus) Interface 



Figure 21. AD7769 to 8051 (Parallel I/O Ports) Interface 
AD7769 - MC68HC11 Interface 

Figure 22 shows a typical interface between the AD7769 and the 
MC68HC11 microcomputer. This interface is designed for the 
maximum MC68HC11 clock speed of 8.4 MHz. The microcom- 
puter is operated in the expanded multiplexed mode, with the 
AD7769 as a memory mapped peripheral. The expansion bus is 
made up of Ports B and C, and control signals AS and R/W. 



Figure 22. AD7769 to MC68HC11 Interfaced 

APPLICATIONS 

The AD7769 analog I/O port is used to convert servo related 
signals between the analog and digital domains. The input struc- 
ture of the two-channel ADC makes it very easy to convert the 
typical output signals provided by a servo demodulator. 

In a magnetic disk drive employing a dedicated servo surface, 
the servo demodulator produces two, positive-only, quadrature 
signals, generally sinusoidal or triangular, from the di-bit 
patterns read from the servo surface. The quadrature signals 
have the form of V BIAS ± V SWING . The very fast conversion 
time of the AD7769 ADC allows sequential conversion of these 
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quadrature signals without introducing significant phase delay 
errors. These converted signals provide the servo microcontrol- 
ler with position and track crossing information from which 
velocity information can be derived. In optical disk drives, anal- 
ogous servo signals can be derived from the quad photodiode 
detector to provide position and focus information for the 
microcontroller. 

The two DACs in the AD7769 accept servo data from the 
microcontroller to position the head assembly. The DACs pro- 
vide positive-only output signals of the form V B ias ± Swings 
which are ideal for driving voice coil motors. In magnetic disk 
drives, a single voice coil motor is used to position the head 
assembly and one DAC is usually sufficient to drive the motor 
in both the seek and track modes. In the seek mode, the DAC 
can be used to generate directly the desired analog velocity tra- 
jectory which the head must travel in order to achieve minimum 
access times. Alternatively, the DAC can generate a servo error 
value (computed by the microcontroller) between the actual 
head velocity and the desired head velocity. In the track mode, 
the DAC can be used to provide a position error signal to keep 
the head over the track or to detent the head oft track, for such 
purposes as thermal compensation and soft error retry s. The 
second DAC in the AD7769 may be employed in this fine posi- 
tioning loop. Alternatively, the second DAC can be used to con- 
trol the speed of the spindle motor via a pulse width modulator. 
In optical disk drives two voice coil motors are used, requiring 
both DACs of the AD7769— one for the focus servo loop and 
one for the radial positioning servo loop. 

A typical servo control loop using the AD7769 is shown in Fig- 
ure 23. In this dedicated servo drive, the servo demodulator 
converts the servo information bit patterns from the disk into 
the standard N and Q (normal and quadrature) servo signals. 
The voice coil motor current, I L , is bidirectional and is supplied 


DRIVE 

INTERFACE 



POWER 

TRANSCONDUCTANCE 

AMPLIFIER 


Figure 23. Typical Dedicated Servo Control Loop Using 
the AD7769 


by the power transconductance amplifier. One input to this 
amplifier is held at V BIAS (DAC), while the other input is 
driven from a DAC output, Vqut A/B. Typical input/output 
waveforms for this power stage are shown in Figure 24. The 
transconductance, G 0 , of the power stage is determined by 
external sense resistors. 



Figure 24. Typical Relationship Between Input Voltage 
and Output Current for Transconductance Amplifier 


Increased Resolution DAC Output 

Since both V BIAS (DAC) and V SWING (DAC) are common to 
both output channels, the full-scale output voltages of both 
channels are nominally identical. However, by adding an exter- 
nal op amp and scaling resistors, it is possible to attenuate the 
full-scale output voltage of one (or both) of the DAC outputs to 
effectively increase the output voltage resolution. Figure 25 
shows channel A being attenuated using a resistor scaling of 
10:1. The attenuated output voltage, V OUT A', is 

VoutA' = Vbias + {VswingIW)(2Da~ 1 ). 

The output voltage of Channel B remains at 

VoutB = Vbias + Vswing (2D b ~1). 


R 



Figure 25. Increasing the DAC Output Voltage Resolution 
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D a and D b are fractional representations of the DAC input 
codes, e.g., D A = N A /256 and D B = N B /256. For example, 
with a V SWING voltage level of 2 V, the Channel B output span 
is 4 V with an LSB size of 15.6 mV and (attenuated) Channel A 
output span is 400 mV with an LSB size of 1.56 mV. Changing 
the resistor scaling in Figure 25 obviously changes the attenu- 
ated full-scale output. 

A single change to the circuit Figure 25 allows the two DAC 
outputs to be combined to provide a single analog output with 
resolution beyond the standard 8-bits. Figure 26 shows the rear- 
ranged circuit. The composite output, V OUT , is 

Vout = VoutB + {Vswing/W)(2Da- 1 ) 

or 

Vout = Vbias + V swing (2D*-1) + (V^^/a^g/IO) (2D^-1). 

R 



DAC A can be programmed to produce an interpolation func- 
tion between the 8-bit steps of DAC B to allow, for example, 
very smooth velocity profile waveforms to be generated. 

Servo Offset Facility 

Most dedicated servo disk drives offer an offset facility whereby 
some small voltage is injected into the track-following loop. The 
purpose of the offset is to move the head to the right or left of 


R 



Figure 27. Servo Offset Facility 


its current on-track position to permit reading of off-track data. 
The circuit is shown in Figure 27. With the 10:1 resistor scaling 
used in the circuit the output voltage, V oux , is 

Vqut = Vpe + ( FW / W 10 ) (2D^-1). 


With no offset added, V OUT = V PE , where V PE is the position 
error voltage which the servo loop normally drives to its zero 
level, V BIAS . When an offset voltage is supplied by DAC A, the 
action of the servo is to move the head away from its current 
on-track position until the position error voltage is equal and 
opposite to the offset voltage. The position of the head about 
the track centre is thus programmable. 

Programmable Full-Scale Range 

The output voltage span of both DACs is determined by the 
V swing (DAC) voltage level. This is normally supplied from 
some fixed voltage source. However, is is possible to use one 
of the DAC channels to generate a programmable V SWING volt- 
age level. The remaining channel will thus have a full-scale 
range and LSB size which is software programmable. This cir- 
cuit is shown in Figure 28 where V oux B is used in an implicit 
feedback loop to generate a programmable swing voltage, 

V swing (DAC), for the AD7769 from an external fixed input 
swing voltage, V SWING . Using the 5:1 resistor scaling shown in 
Figure 28, the expression for the AD7669 input swing voltage is 


Vswing [DAC) = 


VsWING 
(2D*-!) * 


For example, with a fixed input swing voltage of 2.5 V, the pro- 
grammable span via DAC B is as follows: 

D b == 0: V SWING (DAC) = 2.08 

D b = 1/2: V SWING (DAC) = 2.5 V = V SWING 

D b 55:5 1: V SWING (DAC) = 3.125 V 

The AD7769 is specified for a V SWING (DAC) voltage range 

from 2 V to 3 V, although in practice this range can be 
extended while still maintaining monotonic operation. 



Figure 28. Generating a Software Programmable V SWING 
(DAC) 
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Closed Loop Microstepping 

Microstepping is a popular technique in low density disk drives 
(both floppy and hard disk) which allows higher positional reso- 
lution of the disk drive head over that obtainable from a full- 
step driven stepper motor. Typically, a two-phase stepper motor 
has its phase currents driven with a sine-cosine relationship. 
These cosinusoidal signals are generated by two DACs driven 
with the appropriate data. The resolution of the DACs deter- 
mines the number of microsteps into which each full step can be 
divided. For example, with a 1.8° full-step motor and a 4-bit 
DAC, a microstep size of 0.11° (1.8°/2 n ) is obtainable. 


The microstepping technique improves the positioning resolu- 
tion possible in any control application. However, the positional 
accuracy can be significantly worse than that offered by the orig- 
inal full-step accuracy specification due to load torque effects. 

To ensure that the increased resolution is useable, it is therefore 
necessary to use a closed-loop system where the position of the 
disk drive head (or motor) is monitored. The closed-loop system 
allows an error between the desired position and the actual posi- 
tion to be monitored and corrected. The correction is achieved 

ktr o^iiiptinrr fKa rotiA nf tko nkocA r*nrt«ar»tp i n tka mAtAr> nrin/4 _ 

KJJ uuj uotuxg uiv 1UUU Vi uxv jyiiUJW WUiiVlll.J ill I.A1V illVIVi vv iiiVl 

ings until the required head position is reached. 



Figure 29. Typical Closed-Loop Microstepping Circuit with 
the AD7769 

The AD7769 is ideally suited for the closed-loop microstepping 
technique with its dual DACs for positioning the disk drive 
head and dual channel ADC for monitoring the position of the 
head. A typical circuit for a closed-loop microstepping system is 
shown in Figure 29. The DAC waveforms are shown in Figure 
30 along with the direction information of clockwise rotation 
supplied by the controller. 

A typical transducer would be a moire-fringe transducer which 
consists of two gratings, one fixed and one moveable. The rela- 
tive positions of these two gratings will modulate the amount of 
light from a LED which can pass through. In order to derive 
head direction information the stationary grating has two sets of 
bars, with a 90° phase relationship, and two photo-transistors. 
The quadrature sinusoidal output waveforms (N & Q) can be 
converted directly by the AD7769. 



PHASE B 


'COSINE" 


Figure 30. Typical Control Waveforms for the Microstep- 
ping Circuit of Figure 29 


Multichannel Expansion 

In some applications, more than two analog input channels are 
required to be converted by the ADC. Figure 31 shows a circuit 
configuration for such an application. The ADG528A is a 
latched, 8 -channel analog multiplexer that is ideally suited for 
this application since it is specified for single supply operation 
(+12 V ±10%). 

The CS, ADC/D AC and WR inputs of the AD7769 are gated to 
drive the WR input of the ADG528A. The multiplexer input 
signal is selected on the falling edge of the WR pulse while the 
sign al is latched on the rising edge. Also, on the rising edge of 
WR, the AD7769 ADC starts conversion. Therefore, the output 
signal of the multip lexer must have settled to within 8-bits over 
the duration of the WR pu lse ( see ADC Conversion Cycle sec- 
tion for details). The t ON (WR) and settling time of the 
ADG528A thus determines the width of the WR pulse. 


AIN 0 
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Figure 31. Multichannel Inputs 
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LC 2 M0S 

Serial Output 12-Bit ADC 


AD7772 


FEATURES 

12-Bit Resolution and Accuracy 
Fast Conversion Time: 10p,s 
Serial Output 

Complete with On-Chip Reference 
Low Power 

Unipolar or Bipolar Input Ranges 
Small 0.3", 20-Pin DIPs and 20-Terminal Surface 
Mount Package 


AD7772 FUNCTIONAL BLOCK DIAGRAM 



SDO SYNC SCLK DGND 


GENERAL DESCRIPTION 

The AD7772 is a complete 12-bit ADC that offers high speed 
performance combined with low, CMOS power levels. It uses 
an accurate, high speed DAC and comparator in a successive 
approximation loop to achieve a fast conversion time. An on-chip, 
buried Zener diode provides a stable reference voltage to give 
low drift performance over the full temperature range, and the 
specified accuracy is achieved without any user trims. The AD7772 
can be configured to have analog input ranges of 0 to + 5 V, 0 to 
+ 10V, ±5V or ±10V. 

An on-chip clock circuit is provided, which may be used with a 
crystal for stand-alone operation. Alternatively, the clock input 
may be driven from an external clock source such as a divided-down 
microprocessor clock. 

The AD7772 serial interface is compatible with digital signal 
processors such as the TMS32020, |jlPD 7720 and DSP56000. It 
can also be used with general purpose serial to parallel converters 
such as shift registers. The device outputs the conversion result 
with one leading zero and the twelve data bits following. When 
using the AD7772 at top speed (CLKIN = 1.28MHz) with a 
3ps sample-and-hold amplifier like the AD585, it is possible to 
achieve throughput rates of 76kHz. With this 76kHz sample 
rate signals with spectral contents up to 38kHz can be digitized. 

The AD777.2 is fabricated in Analog Devices Linear Compatible 
CMOS process (LC 2 MOS), an advanced, all ion-implanted 
process that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 


PRODUCT HIGHLIGHTS 

1. Fast, 10|xs conversion time makes the AD7772 ideal for a 
wide range of applications in telecommunications, sonar and 
radar signal processing and industrial data acquisition systems 
requiring optical isolation. 

2. Where space saving is important, the small package and 
serial interface of the AD7772 minimize the amount of board 
space needed to realize 12-bit data acquisition. 

3. The versatile serial interface on the AD7772 makes it simple 
to interface to the serial ports of DSPs as well as other 
microprocessor systems. 

4. On-chip buried Zener reference has temperature coefficient 
as low as 25ppm/°C, giving low full-scale drift over the operating 
temperature range. 

5. Stable DAC and comparator give excellent linearity and low 
zero error over the full temperature range. 

6. LC 2 MOS circuitry gives low power drain (135mW) from 
+ 5V, —15V supplies. 
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CDCrinPATinUC < V M= +5V ±5%, Vss = — 1 5V ±5%, fcu,= 1-28MHz. All Specifications T™, to T, 
OrLuirivMI I UNO unless otherwise noted.) 



K, B 


C 



Parameter 

Versions 1 

L Version 1 

Version 1 

Units 

Test Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Integral Nonlinearity @ 25°C 

± 1 

±1/2 

±1/2 

LSB max 

Tested Range: 0 to + 5V 

Tmin tO Tjnax 

±1 

±1/2 

±3/4 



Differential Nonlinearity 

± 1 

±1 

±1 

LSB max 

No Missing Codes Guaranteed Tm^ to T,^ 

Unipolar Offset Error (a> + 25°C 

±8 

±4 

±4 

LSB max 

Input Range: 0 to 5V or 0 to 10V 

Tmin toTjnax 

±8 

±4 

±4 

LSB max 

Typical TC is 2ppm/°C 

Unipolar Full Scale Error 2 (w + 25°C 

±15 

±10 

±10 

LSB max 

Input Range: 0 to 5V or 0 to 10V 

Bipolar Zero Error @ +25°C 

±9 

±5 

±5 

LSB max 

Input Range: ± 5V or ± 10V 

T min T max 

±15 

±9 

±9 

LSB max 


Bipolar Full Scale Error 2 @ + 25°C 

±10 

±7 

±7 

LSB max 

Input Range: ± 5Vor ± 10V 

Full Scale TC 3 ’ 4 

±45 

±35 

±35 

ppm/°C max 


ANALOG INPUTS 






Input Ranges 






Unipolar 

Oto +5 

Oto +5 

Oto +5 

Volts 



Oto + 10 

Oto + 10 

Oto +10 

Volts 


Bipolar 

- 5 to + 5 

- 5 to + 5 

- 5 to + 5 

Volts 



- 10 to + 10 

-lOto + 10 

- 10 to + 10 

Volts 


Input Current 






Unipolar 

3 

3 

3 

raA max 

Input Range: 0 to 5 V or 0 to 10V 

Bipolar 

© 

+1 

1+ 

© 

d 

+1 

mA max 

Input Range: ± 5V to ± 10V 

INTERNAL REFERENCE VOLTAGE 






Vr EF Output (a + 25°C 

— 5.2/ — 5.3 

-5.2/ -5.3 

— 5.2/ — 5.3 

Vmm/Vmax 

-5.25V ±1% 

Vref Output TC 

+1 

±25 

±25 

ppm/°C typ 


Output Current Sink Capability 5 

550 

550 

550 

jjlA max 

(External Load Should Not Change During Conversion.) 

POWER SUPPLY REJECTION 






V DD Only 

±1/2 

±1/2 

±1/2 

LSB typ 

FS Change, V ss = -15V 

V DD = + 4.75V to + 5.25V 

V S s Only 

±1/2 

±1/2 

±1/2 

LSB typ 

FS Change, V DD = +5V 

V ss =- 14.25V to- 15.75V 

LOGIC INPUTS 






CS, NOR/CMP, BIN/2SC 






CONVST, CLKIN 






Vinl> Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

V max 

V DD = 5V±5% 

Vinhj Input High Voltage 

+ 2.4 

+ 2.4 

+ 2.4 

V min 


Cin 5 , Input Capacitance 

CS, NOR/CMP, BIN/2SC 

CONVST 

10 

10 

10 

pF max 


Iin, Input Current 

CLKIN 

±10 

±10 

±10 

(jeA max 

Vim = 0 to V DD 

Iin, Input Current 

±20 

±20 

±20 

fxA max 

V IN = 0toV DD 

LOGIC OUTPUTS 






SDO, SCLK, CLKOSC, SYNC 






Vol, Output Low Voltage 

+ 0.4 

+ 0.4 

+0.4 

V max 

Isink = 1.6mA 

Voh> Output High Voltage 

+ 4.0 

+ 4.0 

+ 4.0 

V min 

Isource - 200p,A 

Floating State Leakage Current 

± 10 

±10 

±10 

(xA max 


SDO 

Floating State Output Capacitance 5 

15 

15 

15 

pFmax 


CONVERSION TIME 

10.2 

10.2 

10.2 

(jus max 

fcLK = 1.28MHz. See Control Inputs Synchronization. 

POWER REQUIREMENTS 






V DD 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for Specified Performance 

V SS 

-15 

-15 

-15 

VNOM 

± 5% for Specified Performance 

W 

7 

7 

7 

mA max 

CS = CONVST = V dd ,AIN = 5V 

i 6 

*ss 

12 

12 

12 

mA max 

CS = CONVST = V DD , AIN = 5V 

Power Dissipation 

135 

135 

135 

raW typ 



215 

215 

215 

mW max 



NOTES 

'Temperature range as follows: K, L versions: 0 to +70°C 

B, C versions: -25°Cto +85°C 
2 Includes internal voltage reference error. 

} Full Scale TC = AFS/AT, where AFS is Full Scale change from T A = +25°C to T roin or T m , x . 
4 Includes internal voltage reference drift. 

’Sample tested to ensure compliance. _ 

‘Power supply current is measured when AD7772 is inactive, i.e., CS= CONVST = SYNC = HIGH. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 «„=+». %—m 



Limit at + 25°C 
(All Grades) 

Limit at T,^, T max 
(K,L,B,C Grades) 

Units 

Conditions/Comments 

780 

780 

ns min 

CLKIN Cycle Time 

40 

50 

ns max 

Propagation Delay between CLKIN and CLKOSC 

545 

560 

ns max 

Propagation Delay between CLKIN and SCLK 

780 

780 

ns min 

SCLK Cycle Time 

45 

45 

ns min 

CS to CONVST Setup Time 

0 

0 

ns min 

CS to SYNC Hold Time 

40 

50 

ns min 

CONVST Pulse Width 

50 

50 

ns max 

SCLK jf to SYNC \ Delay 

60 

65 

ns max 

SCLK J to SYNC I Delay 

50 

50 

ns max 

SCLK _f to SDO \ Delay, C L = 20pF 

100 

125 

ns max 

SCLKJT to SDO \ Delay, C L = lOOpF 

115 

145 

ns max 

SCLK J to Data Valid, C L = 20pF 

190 

235 

ns max 

SCLK _f to Data Valid, C L = lOOpF 

10 

10 

ns min 

SCLK JT to SDO High Impedance 

65 

80 

ns max 



NOTES 

'Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are specified with 
tr = tf = 5ns (10% to 90% of +5V) and timed from a voltage level of 1.6V. 

2 CLKIN M ark/Spa ce Ratio Range is 55/45 to 45/55. 

3 SCLK and SYNC are loaded with the circuit of Figure 1 . 

4 t 10 and tn are measured with the load circuit of Figure 2 and defined as the time required for an output to cross 0.8V or 2.4V. 
5 ti 2 is defined as the time required for the data lines to change 0.5V when loaded with the circuit of Figure 3. 

Specifications subject to change without notice. 



3. To Vqh (tn) b. To Vql (tio> tn) 3. Vqh to High-Z b. Vol to High-Z 

Figure 1. SCLK, SYNC Figure 2. Load Circuits for Figure 3. Load Circuits for Bus Relinquish 

Load Circuit t 10 , t 17 Test Time Test (t 12 ). 



Figure 4. AD7772 Timing Diagram. 
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ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise noted) 

V dd to DGND —0.3V to + 7V 

V ss to DGND + 0.3V to - 17V 

AGND to DGND -0.3V to V DD + 0.3V 

Analog Input Voltage to AGND 
(BOFS, ±10V, ±5V, SUM, 

+ 10V, +5V) - 15V to 4- 15V 

Digital Input Voltage to DGND 
(CLK IN,CS, CON VST, NOR/CMP, 

BIN/2SC) -0.3V to V DD + 0.3V 

Digital Output Voltage to DGND 
(SDO, SCLK, SYNC, CKOSC) . . . -0.3V to V DD + 0.3V 


Operating Temperature Range 

Commercial (K, L Versions) 0 to 4- 70°C 

Industrial (B, C Versions) -25°C to +85°C 

Storage Temperature -65°C to + 150°C 

Power Dissipation (Any Package) to +75°C 450mW 

Derates above 4- 75°C by 6mW/°C 


♦Stress above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indi- 
cated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. Only one Absolute Maximum Rating may be applied at any 
one time. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


WARNING! 




ESD SENSITIVE DEVICE 


ORDERING INFORMATION 1 


Full Scale TC 

Accuracy 

Grade 

Oto +70°C 

— 25°C to +85°C 

45ppm/°C 

± 1LSB 

Plastic DIP 2 (N-20) 

AD7772KN 

Hermetic 2 (Q-20) 
AD7772BQ 

35ppm/°C 

± 1/2LSB 

AD7772LN 

AD7772CQ 

45ppm/°C 

35ppm/°C 

± 1LSB 
± 1/2LSB 

PLCC (P-20A) 2 ’ 3 

AD7772KP 

AD7772LP 



NOTES 

1 Analog Devices reserves the right to ship either ceramic or cerdip hermetic packages. 
2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 
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PIN CONFIGURATIONS 


DIP 


PLCC 




PIN FUNCTION DESCRIPTION 


Pin 

Mnemonic 

Description 

1 

+ 5V 

Analog Input Pin. This is connected as in Figure 9 to provide a + 5V analog input range. 

2 

+ 10V 

Analog Input Pin. This is connected as in Figure 1 1 to provide a + 10V analog input range. 

3 

Vref 

Voltage Reference Output. The AD7772 has its own internal — 5.25V reference. 

4 

AGND 

Analog Ground 

5 

SUM 

Analog Input Pin. This is connected to the inverting terminal of an op amp for ± 5 V to ± 10V analog input 
ranges. See Figure 13. 

6 

±5V 

Analog Input Pin. Figure 13 shows how this is connected for a ± 5V analog input range. 

7 

±10V 

Analog Input Pin. For ± 10V analog input range see Figure 13. 

8 

BOFS 

Bipolar Offset Pin. This is tied to V REF for either of the bipolar analog input ranges. 

See Figure 1 3 . 

9 

NOR/CMP 

NOR/CMP and BIN/2SC determine the format of the output data. See Table I. 

10 

DGND 

Digital Ground 

11 

SDO 

Serial Data Output 

12 

SCLK 

Continuously running Serial Clock Output. 

13 

CLKOSC 

Clock Oscillator Pin. An inverted CLKIN signal appears at CLKOSC when external clock is used. 

See CLKIN (Pin 14) description for crystal (resonator). 

14 

CLKIN 

Clock Input Pin. An external TTL compatible clock may be applied to this pin. Alternatively a crystal or 
ceramic resonator may be applied between CLKIN and CLKOSC. See Figure 7. 

15 

BIN/2SC 

BIN/2SC and NOR/CMP determine the output data format. See Table I. 

16 

CON VST 

Conversion Start Input. This signal starts a conversion on its rising edge when CS is low. 

17 

CS 

Chip Select Input. This active low signal, in conjunction with CONVST, starts a conversion. 

18 

SYNC 

This is the framing signal for the serial data output. It goes low on the first rising edge of SCLK 
after conversion begins and goes high when conversion is complete. 

19 

Vss 

Negative Supply, — 15V 

20 

Vdd 

Positive Supply, + 5V 


NOR/CMP 

BIN/2SC 

Unipolar 

Data Format 

Bipolar 

Data Format 

0 

0 

2s Complement 

Complementary 2s Complement 

0 

1 

Straight Binary 

Complementary Offset Binary 

1 

0 

Complementary 2s Complement 

2s Complement 

1 

1 

Complementary Binary 

Offset Binary 


Table I. AD7772 Output Coding 
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TERMINOLOGY 


LEAST SIGNIFICANT BIT 

An ADC with 12-bit resolution can resolve one part in 2 12 (1/4096 
of full scale). For the AD7772 operating in the 0 to + 5V range, 
1LSB is 1.22mV. 

NO MISSING CODES 

A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For all grades of the AD7772, all 4096 
codes are present over the entire operating temperature ranges. 

UNIPOLAR OFFSET ERROR 

For the unipolar analog input range, the first transition should 
occur at a level 1/2LSB above AGND. Unipolar offset error is 
defined as the deviation of the actual transition from that point. 
This error can be adjusted as explained further on in this data 
sheet. 

BIPOLAR ZERO ERROR 

In the bipolar analog input ranges, bipolar zero is defined as the 
middle of code 2048. Bipolar zero error is the actual deviation 
from that point. The circuit diagram on page 9 shows how to 
adjust this. 


UNIPOLAR FULL SCALE ERROR 

The last transition in the ADC (from 111 . . .110 to 111 . . .111 
when using straight binary coding) should occur for an analog 
value 1 1/2LSB below the nominal full scale (4.99816 for 5.000 
volts full scale). The full scale error is the deviation of the actual 
level at the last transition from the ideal level with unipolar 
offset error adjusted to zero. This error can be trimmed out as 
shown in Figure 12. The temperature coefficients for each grade 
indicate the maximum change in the full scale gain from the 
initial value using the internal -5.25 volts reference. 

BIPOLAR FULL SCALE ERROR 

In the bipolar mode, the ADC has a positive full scale error and 
a negative full scale error. Positive full scale error is the deviation 
of the actual level at the last transition from the ideal level, with 
bipolar zero error adjusted to zero. Negative full scale error is 
the deviation of the actual level at the first transition from the 
ideal level, with bipolar zero error adjusted to zero. Full scale 
error is defined as either positive full scale error or negative full 
scale error, whichever is largest. 
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CIRCUIT INFORMATION 

CONVERTER DETAILS 

Conversion start on the AD7772 is controlled by the CS and 
CONVST inputs. Figure 5 shows the operating signals of interest. 
With CS held permanently low, a positive-going edge on CONVST 
starts the conversion cycle. The successive approximation register 
(SAR) is reset at this stage. On the next rising edge of SCLK, 
the SYNC output goes low and the three-state data output (SDO) 
is enabled. 

During conversion, the internal 12-bit DAC is sequenced by the 
SAR from the most significant bit (MSB) to the least significant 
bit (LSB). Bit decisions are made by the comparator (zero crossing 
detector) which checks the addition of each successive weighted 
bit from the DAC output against the analog input. The MSB 
decision is made and latched to the serial data output 90ns 
(typically) after the second rising edge of SCLK following the 
conversion start. Similarly, the succeeding bit decisions are 
made and latched approximately 90ns after the SCLK rising 
edges. When conversion is complete, the SDO output is latched 
to the high impedance state and the SYNC output goes high. 


SCLK TJTJTJTJTJVTTLTL 

— I £ 1 ’■ if - 

CONVST L-J i 13 CLOCK CYCLES,, J 

r* i 

SYNC L. -in a I 

■♦iWOns TYP 

SDO HIGH-Z \ /DB1lfoBiq f^ ^DB0)CHIGH-Z 


Figure 5. Operating Waveforms Using an External Clock 
Source for CLKIN 

CONTROL INPUTS SYNCHRONIZATION 

Co nversion time for the AD7772 is defined as the time for which 
the SYNC output is low. This is always 13 clock cycles. However, 
there is a delay between CONVST going high and SYNC going 
low. Without synchronization this delay can vary from zero to 
an entire clock period. If a constant delay is required here, then 
the following approach can be used: when starting a conversion 
CONVST must go high on either the rising edge of CLKIN or 
the falling edge of CLKOSC. 



DRIVING THE ANALOG INPUT 

Figure 6 shows the analog input stage for the AD7772. There 
are four application resistors (R A , Rbj Rc and Rd). These can 
be used with one external op amp to implement ± 5V and ± 10V 
analog input ranges. R A is always connected to Vre F for these 
ranges and offsets the input signal by + 2.5V. Rc and R D provide 
an attenuation of 2 for the ± 5V input while R B , Rc and R D 
attenuate the ± 10V input by 4. The external op amp is connected 
as an inverting amplifier with its output driving Pins 1 and 2 
and R d as the feedback resistor. Figure 13 shows the circuit 
configuration. 

The + 5V and + 10V inputs on the AD7772 connect to the 
comparator input via the 5kO resistors R E and R F . The DAC 
which has 2.5kD output impedance also connects to this point. 
During conversion, current from the analog input is modulated 
by the DAC output current at a rate equal to the CLKIN frequency 
(1.28MHz maximum). This causes voltage spikes (glitches) to 
appear at the analog input. The magnitude and settling time of 
these glitches depends on the open-loop output impedance and 
small signal bandwidth of the amplifier or sample-and-hold 
driving the input. These devices must have sufficient drive to 
ensure that the glitches have settled within one clock period. An 
example of a suitable op amp is the AD OP-27. The magnitude 
of the largest glitch when using this device to drive the analog 
input is typically 11 mV with a 200ns settling time. 

Suitable devices capable of driving the AD7772 analog inputs 
are the AD OP-27 and AD71 1 op amps and the AD585 sample-and- 
hold. 

INTERNAL CLOCK OSCILLATOR 

Figure 7 shows the AD7772 internal clock circuit. A crystal or 
ceramic resonator may be connected as in Figure 7 to provide a 
clock oscillator for the ADC timing. Resistors R1 and R2 ensure 
that the CLKIN mark/space ratio stays between 45/55 and 55/45. 
Alternatively, the crystal/resonator may be omitted and an external 
clock source connected to CLKIN. The mark/space ratio of the 
external clock must be in the range 45/55 to 55/45. An inverted 
CLKIN signal will appear at the CLKOSC output pin. 



**C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC RESONATOR 
MANUFACTURER. TYPICAL VALUES ARE FROM 30pF TO lOOpF. 


Figure 7. AD7772 Internal Clock Circuit 


Figure 6. AD7772 Analog Input Stage 
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INTERNAL REFERENCE 

The AD7772 has an on-chip, buffered, temperature compensated, 
buried Zener reference, which is factory trimmed to -5.25V 
±1%. It is internally connected to the DAC and is also available 
at Pin 3 to sink up to 550|xA current from an external load. 

For minimum code transition noise, the reference output should 
be decoupled with a capacitor to filter out wideband noise from 
the reference diode (IOjxF tantalum in parallel with lOOnF 
ceramic). However, large values of decoupling capacitors can 
affect the dynamic response and stability of the reference amplifier. 
A 1011 resistor in series with the decoupling capacitors will 
eliminate this problem without adversely affecting the filtering 
effect of the capacitors. A simplified schematic of the reference 
with its recommended decoupling components is shown in 
Figure 8. 



10nF 


Figure 8. AD7772 Internal -5.25V Reference 


OUTPUT CODE 
(STRAIGHT BINARY) 


FULL SCALE 
TRANSITION 



FS -1LSB 


AIN, INPUT VOLTAGE (IN TERMS OF LSBs) 


Figure 10. Ideal Input/Output Transfer Characteristic for 
Figure 9 


Figure 1 1 shows how the AD7772 can be connected for a 0 to 
+ 10V input range. The + 5V pin is now connected to OV, 
thereby attenuating the input by 2 and effectively doubling the 
analog input range. The analog input is applied to the + 10V 
pin. For this circuit, the LSB size is FS/4096 = 10/4096V = 
2.44mV and the coding is straight binary. 


APPLYING THE AD7772 

The AD7772 has a flexible input stage with application resistors 
which can be configured for various analog input ranges. The 
following sections show the AD7772 configured for these 
ranges. 

UNIPOLAR OPERATION 

Figure 9 shows the AD7772 connected for the unipolar 0 to 
+ 5V input range. The ideal input/output characteristic for this 
range is given in Figure 10. The designed code transitions occur 
midway between successive integer LSB values (i.e., 1/2LSB, 
3/2LSBs, 5/2LSBs . . .FS - 3/2LSBs). The output code is straight 
binary (see Table I) with an LSB size of FS/4096 = 5/4096V = 
1.22mV. To change to complementary binary coding, NOR/CMP 
should be tied to + 5V. 



NOTE 

* ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 9. Unipolar 0 to + 5V Input Range 



‘ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 1 1. AD7772 in 0 to + 10V Analog Input Range 

UNIPOLAR OFFSET AND FULL SCALE ERROR 
ADJUSTMENT 

If absolute accuracy is an application requirement, then offset 
and full scale error can be adjusted to zero. Offset error must be 
adjusted before full scale error. Figure 12 shows the extra com- 
ponents required for full scale error adjustment. The analog 
input range is 0 to + 5V and the coding is straight binary. Zero 
offset is achieved by adjusting the offset of the op amp driving 
the analog input (i.e., A1 in Figure 12). For zero offset error 
apply 0.61mV ( + 1/2LSB) to V IN and adjust the op amp offset 
voltage until the ADC output code flickers between 0000 . . . 
0000 and 000 .. . 0001. 

To adjust the full scale error, apply an analog input of 4.99817V 
(FS - 3/2LSBs) to V IN and adjust R1 until the ADC output 
code flickers between 1111 . . . 1110 and 1111 . . . 1111. 
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Figure 12. Unipolar 0 to +5V Operation with Full-Scale 
Error Adjust 

BIPOLAR OPERATION 

Figure 13 shows the circuit configuration for implementing 
± 5V and ± 10V analog input voltages on the AD7772. R A and 
R d offset the input signal by a constant + 2.5V while R c and 
R d provide attenuation for the ± 5V input. R B , Rc and R D 
provide attenuation for the ± 10V input. If a ± 5V input range 
is needed, the input signal should be applied to Pin 6 ( ± 5V) 
and Pin 7 left unconnected. For a ± 10V input range, apply the 
signal to Pin 7 (± 10V) and leave Pin 6 open circuit. The output 
code format is offset binary. Figure 14 shows the ideal input/output 
characteristic for the ± 5V input range. 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 13. AD7772 Connected for ±5V/± 10V Input Range 


OUTPUT CODE 
(OFFSET BINARY) 



V 1N . INPUT VOLTAGE - IN TERMS OF LSBs 


Figure 14. Ideal Input/Output Transfer Characteristic for 
the Bipolar Circuit of Figure 13 

BIPOLAR OFFSET AND FULL SCALE ERROR 
ADJUSTMENT 

In measurement applications where absolute accuracy is required, 
offset and full scale error can be adjusted to zero. Figure 15 
shows how the ± 5V input range circuit is modified to do this. 
By placing R3 in parallel with the op amp feedback resistance 
R d and the Rl, R2 combination in parallel with R c , an adjustment 
range of ± 16LSBs is possible. 

Bipolar zero error must be adjusted before full scale error. This 
is achieved by applying an analog input of + 1.22mV (+ 1/2LSB) 
at the ± 5V input pin and adjusting the op amp offset until the 
ADC output code flickers between 1000 . . . 0000 and 1000 . . . 
0001 . 

For full scale error adjustment, the analog input must be at 
4.99878 volts (i.e., FS/2 - 1/2LSB or last transition point). 

Then Rl is adjusted until the output code flickers between 
1111 . . . 1110 and 1111 . . . 1111. 



•ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 15. AD7772 Connected for ±5V Input Range with 
Full-Scale Error Adjust 
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INTERFACING 

The AD7772 is a serial output device, making it suitable for use 
with digital signal processors which have a serial port (TMS32020, 
DSP56000, etc.) as well as microcontrollers (8051, 6803) and 
shift registers. See Figure 4 for the timing diagram. The serial 
data is placed on the SDO pin as conversion is taking place. 

Each data bit is valid on the fall ing edg e of SCLK, and the 
complete word is framed by the SYNC pulse. 

TMS32020/TMS320C25 INTERFACE 

Figure 16 shows the circuit for interfacing the AD7772 to the 
TMS32020/TMS320C25 Serial Port. The AD7772 has CS tied 
permanently low. In a sampling system, the SAMPLE TIMER 
would control the start of conversion. When the system is non- 
sampling, this CONVST pulse could be software-controlled by 
the processor. When conversion begins, the SYNC output goes 
low. This enables the serial input of the TMS32020/TMS320C25 
which now accepts the data appearing at DR on each negative-going 
edge of CLKR. After sixteen CLKR pulses the internal interrupt 
(RINT) is automatically set. The service routine for this interrupt 
then reads the conversion result from the DRR (data receive 
register) into the accumulator or memory. Note that the word in 
the DRR must be shifted right three times in order to get the 



Figure 16. AD7772 to TMS32020/TMS320C25 Interface 


standard right- justified data format. This is also the case in the 
other processor interfaces which follow. 

NEC p.PD7720/pPD77230 INTERFACE 

Figure 17 shows an interface circuit for the NEC fxPD7720 
digital signal processor. Unlike the FSR input on the TMS320 
processors, the SIEN input on the jxPD7720/|xPD77230 is level 
sensitive rather than edge sensitive. Because the processor can 
only be configured for either 8-bit or 16-bit data transfers, the 
SIEN input to the |xPD7720/|xPD77230 must be at least 16 
clock pulses wide to receive the 12-bit conversion result from 
the AD7772. The circuit ry of F igure 17 accomplishes this by 
using the CONVST and SYNC signals as the set and reset 
controls on an S-R flip-flop. 

In Figure 17 the processor controls the start of conversion. CS 
is tied low, and the output of the address decoder drives 
CONVST. 


Data bits a re shif ted into the jxPD7720 on the rising edge of 
SCK when SIEN is asserted. This means that SCLK from the 
AD7772 must be inverted before connecting to the SCK input. 
The internal shift register converts the serial data to parallel and 
transfers it to the SI register when 16 bits have been received. 
The internal acknowledge flag, SIACK, is also set at this time. 
When the parallel data is read from the SI register, this SIACK 
flag is reset. It is important to read the data from the SI register 
before the next conversion is complete and the data bits transferred; 
otherwise the original data will be lost. 

When interfacing to the fLPD77230, the inverter for SCLK 
shown in Figure 17 is not needed, since data on SI is synchronized 
with the falling edge of SICK (the serial input clock). Thus, 
SCLK from the AD7772 is connected directly to SICK on the 
|xPD77230. All other connections are as in Figure 17. 


CLOCK 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 17. AD7772 to NEC jjlPD 7720 Interface 
DSP56000 INTERFACE 

The DSP56000 has a very versatile serial interface which can be 
configured to suit various applications. Figure 18 shows an 
interface circuit for the AD7772 to DSP56000. The DSP56000 
is configured for normal mode, asynchronous operation. This 
means that the DSP56000 serial transmitter and receiver have 
their own separate clock and synchronization signals. The pro- 
cessor is set up for 16-bit word and continuous clock with SCO 
and SCI configured as inputs. The FSL control bit, which 
selects the type of frame synchronization to be recognized, 
should be set to 0. All of these conditions are programmable in 
the DSP56000. 



Figure 18. AD7772 to DSP56000 Interface 
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When the receiver is enabled, a 16-bit data word will be clocked 
in each time the frame synchronization signal is detected. Once 
received, the data word will be transferred from the SSI receive 
shift register to the receive data register (RX). The RDF flag 
(receive data register full flag) will be set to indicate that the 
receiver is full and the receive interrupt will occur if it has been 
enabled. The DSP program should read the data from RX 
before a new data word is transferred from the receive shift 
register, otherwise the receive overrun error (ROE) will be set. 


AD7772 IN REMOTE CONTROL APPLICATIONS 

Figure 19 shows a serial interface between the AD7772 and a 
remote controller. The digital signals are transmitted differentially 
along twisted pairs while optocouplers sense the signals at the 
receiving end. The DS8830 is a dual differential line driver, 
designed to drive long lengths of coaxial cable, strip line or 
twisted pair transmission lines. The optocouplers used are HCPL- 
2601s, which have sufficient speed (1000V/|xs slew rate) to handle 
the maximum data transfer rate of 1.28M bits/sec. 


The AD7772 is set up so that only one signal (CONVST) is 
needed to start conversion. Three twisted pairs are needed to 
transfer t he data back to the controller. These take the SCLK, 
SDO and SYNC signals. 




Figure 19. Using Optocouplers with the AD7772 
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AD7772 - AD585 SAMPLE-HOLD INTERFACE 

Figure 20 shows a typical sampling application for the AD7772 
with an AD585 sample-and-hold amplifier driving the ADC 
analog input. The AD585 is configured as a unity gain buffer. 
The ± 10V input signal is successively sampled and held and 
this signal is then fed to Pin 7 of the AD7772 which is connected 
for an analog input range of ± 10V. 

For the circuit of Figure 20 to function properly, it is necessary 
to have the CON VST signal for the ADC synchronized with 
CLKIN as discussed previously. This ensures that the analog 
input is always held at a fixed point in time after the CONVST 
signal goes high and equal interval sampling is achieved. Without 
this synchronization, the holding point would not be exactly 
defined and the data acquisition system performance would 
suffer accordingly. 

The maximum throughput rate of the system shown in Figure 
20 is 76kHz. 10|xs is required for conversion while a further 3jxs 
must be allowed for the AD585 to acquire the signal. This 
yields a total time of 13^s. Thus, the maximum sampling rate is 
76kHz and the analog input bandwidth is 38kHz. 

+ 15V +5V 



Figure 20. AD7772 Sample-and-Hold Interface 


APPLICATION HINTS 

Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed A/D performance. 
The AD7772’s comparator is required to make bit decisions on 
an LSB size of 1.22mV. To achieve this, the designer has to be 
conscious of noise both in the ADC itself and the preceding 
analog circuitry. Switching mode power supplies are not recom- 
mended as the switching spikes will feed through to the comparator 
causing noisy code transitions. Other causes of concern are 
ground loops and digital feedthrough from microprocessors. 
These are factors which influence any ADC, and a proper PCB 
layout which minimizes these effects is essential for best 
performance. 

LAYOUT HINTS 

Ensure that the layout for the printed circuit board has the 
digital and analog signal lines separated as much as possible. 
Take care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 

Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 4 (AGND) or as close as 
possible to the AD7772 as shown in Figure 21. Connect all 
other grounds and Pin 10 (AD7772 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC so make the foil width for these tracks as wide as 
possible. The use of ground planes minimizes impedance paths 
while guarding the analog circuitry from digital noise. The 
circuit layout of Figures 24 and 25 have both analog and digital 
ground planes which are kept separate and only joined together 
at the AD7772 AGND pin. 

NOISE: Keep the input signal leads to the analog input and 
signal return leads from AGND (Pin 4) as short as possible to 
minimize input noise coupling. In applications where this is not 
possible use a shielded cable between the source and the ADC. 
Reduce the ground circuit impedance as much as possible, since 
any potential difference in grounds between the signal source 
and the ADC appears as an error voltage in series with the 
input signal. 



Figure 2 7. Power Supply Grounding Practice 
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Figure 22. Schematic for AD7772 Board 


PRINTED CIRCUIT BOARD LAYOUT 

Figure 22 is a circuit diagram showing the AD7772 being used 
to digitize an analog signal. The circuit board contains the ADC, 
sample-and-hold and extra op amp necessary to sample a bipolar 
input signal. Links LI and L2 allow the user to choose a ±5V 
or ± 10V analog input range. With LI inserted the range will 
be ± 10V, and with L2 inserted it will be ± 5V. 

The AD585 is the input sample-and-hold. Its HOLD input is 
driven from IC4 (1/2 7474 D-type flip-flop). The input signal is 
sampled at the end of conversion, when SYNC goes high and is 
held when the CON VST signal goes low. To make sure that the 
sample-and-hold has enough time to acquire the input signal, 
the time from sample-and-hold should be at least 3jxs. Links 
L3, L4, L5 and L6 allow the user to choose the output code 
format for the device. See Table I for the output code truth 
table. 

The PCB layout is designed so that all external connections 
except the V DD and V S s power supplies can be made in any of 
three ways: 

1 . 32-way single-sided edge connector. 

2. Eurocard connector, Jl. 

3. 26-pin plug, J2. 

The pinout for the 26-way connector is shown in Figure 23, and 
the other pinouts are shown in Figure 22. The V DD and Vss 
power supplies are connected at the top of the board (see Figure 
26). 



GND 

+ 5V 

CLKIN 

SDO 

SYNC 

CONVST 

CS 

SCLK 


Figure 23. J2 Pin Configuration 


The printed circuit board layout is shown in Figure 24 and 25. 
Figure 24 is the component side layout and Figure 25 is the 
solder side layout. The component overlay is shown in Figure 
26. In the layout, the STAR ground point is located at Pin 4 
(AGND). Pin 10 (DGND), the AD585 ground, AD711 ground 
and the ground plane are connected directly to this point. 

To ensure optimum performance, the AD7772 power supplies 
are decoupled as shown. The Vref pin is decoupled with Rl, 
C5 and C6. All ADC decoupling capacitors are placed as close 
as possible to the device. 
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Figure 26. Component Overlay for Circuit of Figure 22 
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ANALOG 

DEVICES 


LC 2 MOS High Speed piP-Compatible 
8-Bit ADC with Track/Hold Function 


AD7820 


FEATURES 

Fast Conversion Time: 1.36(jis max 
Built-In Track-and-Hold Function 
No Missed Codes 
No User Trims Required 
Single +5V Supply 
Ratiometric Operation 
No External Clock 
Skinny 20-Pin DIP and 20-Terminal 
Surface Mount Packages 


AD7820 FUNCTIONAL BLOCK DIAGRAM 


v DD 



GENERAL DESCRIPTION 

The AD7820 is a high speed, microprocessor-compatible 8-bit 
analog-to-digital converter which uses a half-flash conversion 
technique to achieve a conversion time of 1.36|jls. The converter 
has a OV to + 5V analog input voltage range with a single + 5V 
supply. 

The half-flash technique consists of 31 comparators, a most 
significant 4-bit ADC and a least significant 4-bit ADC. The 
input to the AD7820 is tracked and held by the input sampling 
circuitry, eliminating the need for an external sample-and-hold 
for signals with slew rates less than 100mV/|xs. 

The part is designed for ease of microprocessor interface with 
the AD7820 appearing as a memory location or I/O port without 
the need for external interfacing logic. All digital outputs use 
latched, three-state output buffer circuitry to allow direct con- 
nection to a microprocessor data bus or system input port. A 
non-three state overflow output is also provided to allow cascading 
of devices to give higher resolution. 

The AD7820 is fabricated in an advanced, all ion-implanted, 
high speed, Linear Compatible CMOS (LC 2 MOS) process and 
features a low maximum power dissipation of 75mW. It is available 
in both 0.3"- wide, 20-pin DIPs and in 20- terminal surface mount 
packages. 


PRODUCT HIGHLIGHTS 

1. Fast Conversion Time 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices’ LC 2 MOS process, enables very fast con- 
version times. The maximum conversion time for the WR-RD 
mode is 1.36|xs, with 1.6|xs the maximum for the RD mode. 

2. Total Unadjusted Error 

The AD7820 features an excellent total unadjusted error 
figure of less than 1/2LSB over the full operating temperature 
range. The part is also guaranteed to have no missing codes 
over the entire temperature range. 

3. Built-In Track-and-Hold 

The analog input circuitry uses sampled-data comparators, 
which by nature have a built-in track-and-hold function. As 
a result, input signals with slew rates up to 100mV/|xs can be 
converted to 8-bits without external sample-and-hold. This 
corresponds to a 5V peak-to-peak, 7kHz sine- wave signal. 

4. Single Supply 

Operation from a single + 5 V supply with a positive voltage 
reference allows operation of the AD7820 in microprocessor 
systems without any additional power supplies. 
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CPPriFIPATIflNQ ( V M=+5V;V R£F (+)=+5V;V RB :(-)=GND=DVunless otherwise stated), 
orcbiri Un 1 1 U NO All specifications to T,™ unless otheiwise specified. Specifications apply for RD Mode (Pin 7 = OV) 


Parameter 

K Version 1 

L Version 

B,T Versions 

C, U Versions 

Units Conditions/Comments 

ACCURACY 

Resolution 

8 

8 

8 

8 

Bits 

Total Unadjusted Error 2 

±1 

±1/2 

±1 

±1/2 

LSBmax 

Minimum Resolution for which 

No Missing Codes are guaranteed 

8 

8 

8 

8 

Bits 

REFERENCE INPUT 

Input Resistance 

1. 0/4.0 

1. 0/4.0 

1. 0/4.0 

1. 0/4.0 

kfl min/kfl max 

Vrkf ( + ) Input Voltage Range 

Vref(~)/Vdd 

Vref( _ )/Vdd 

V REF ( ~ )/V DD 

Vref(-)/V D d 

V min/V max 

Vref ( - ) Input Voltage Range 

GND/V ref ( + ) 

GND/V ref ( + ) 

GND/V ref ( + ) 

GND/Vref( + ) 

V min/V mar 


ANALOG INPUT 


Input Voltage Range 

Input Leakage Current 

Input Capacitance 3 

Vref(-)/Vref( + ) 
±3 

45 

Vref(~)/Vref( + ) 
±3 

45 

Vref( ~ )/V ref( + ) 
±3 

45 

Vref(-)/Vref< + ) 
±3 

45 

V min/V max 
pA max 
pFtyp 


LOGIC INPUTS 

CS,WR,RD 

Vinh 

2.4 

2.4 

2.4 

2.4 

V min 


Vjnl 

0.8 

0.8 

0.8 

0.8 

V max 


Iinh (CS, RD) 

1 

1 

1 

1 

pAmax 


IlKH (WR) 

-/ 

3 

3 

J 

pAmax 


IlNL 

-1 

- 1 

-1 

- 1 

pA max 


Input Capacitance 3 

8 

8 

8 

8 

pF max 

Typically 5pF 

MODE 

Vinh 

3.5 

3.5 

3.5 

3.5 

V min 


Vinl 

1.5 

1.5 

1.5 

1.5 

V may 


Iinh 

200 

200 

200 

200 

pA max 

50pAtyp 

Iinl 

-1 

-1 

- 1 

-1 

pAmax 


Input Capacitance 3 

8 

8 

8 

8 

pF max 

Typically 5pF 

LOGIC OUTPUTS 

DB0-DB7, OFL, INT 

Voh 

4.0 

4.0 

4.0 

4.0 

V min 

Isource = 360 pA 

Vol 

0.4 

0.4 

0.4 

0.4 

V max 

Isink= 1.6mA 

Iout(DB0-DB7) 

±3 

±3 

±3 

±3 

pAmax 

Floating State Leakage 

Output Capacitance 3 

8 

8 

8 

8 

pF max 

Typically 5pF 

RDY 

Vol 

0.4 

0.4 

0.4 

0.4 

V max 

Isink = 2.6mA 

IoUT 

±3 

±3 

±3 

±3 

pAmax 

Floating State Leakage 

Output Capacitance 3 

8 

8 

8 

8 

pF max 

Typically 5pF 

SLEW RATE, TRACKING 3 

0.2 

0.1 

0.2 

0.1 

0.2 

0.1 

0.2 

0.1 

V/ps typ 
V/psmax 


POWER SUPPLY 

Vdd 

5 

5 

5 

5 

Volts 

± 5% for Specified 
Performance 

Idd 4 

15 

15 

20 

20 

mA max 

CS = RD = 0V 

Power Dissipation 

40 

40 

40 

40 

mW typ 

± 1/16LSB typ 

V DD = 5V ±5% 

Power Supply Sensitivity 

±1/4 

±1/4 

±1/4 

±1/4 

LSBmax 


NOTES 

'Temperature Ranges are as follows: 

AD7820K, L Versions; 0 to + 70°C 

AD7820B, C Versions; - 25°C to + 85°C 

AD7820T, U Versions; - 55°C to + 125°C 

2 Total Unadjusted Error includes offset, full-scale and linearity errors. 
3 Sample tested at 25°C by Product Assurance to ensure compliance . 
4 See Typical Performance Characteristics. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 

(V DD = +5 V;V RH <+)= +5V;V REf (— )=GND = 

= OV unless otherwise stated) 

Limit at 25°C 
Parameter (All grades) 

Limit at Limit at 

T t T . T 

min J max min’ A max 

(K, L, B, C grades) (T, U grades) 

Units 

Conditions/Comments 

toss 

0 

0 

0 

ns min 

CS TO RD/WR Setup Time 

tcSH 

0 

0 

0 

ns min 

CS TO RD/WR Hold Time 

tRDY 2 

70 

90 

100 

ns max 

CS to Delay. Pull-Up 






Resistor 5kfl. 

tcRD 

1.6 

2.0 

2.5 

(xsmax 

Conversion Time (RD Mode) 

tACCO 3 

tcRD + 20 

*CRD + 35 

tcRD + 50 

ns max 

Data Access Time (RD Mode) 

tlNTH 2 

125 


- 

ns typ 

RD to INT Delay (RD Mode) 


175 

225 

225 

ns max 


«DH 4 

60 

80 

100 

ns max 

Data Hold Time 


500 

600 

600 

ns min 

Delay Time between Conversions 

l WR 

600 

600 

600 

ns min 

Write Pulse Width 


50 

50 

50 

|xs max 


tRD 

600 

700 

700 

ns min 

Delay Time between WR and RD Pulses 

b\CCl 3 

160 

225 

250 

ns max 

Data Access Time (WR-RD Mode, 






see Fig. 5b) 

1r1 

140 

200 

225 

ns max 

RD to INT Delay 

tlNTL 2 

700 

- 

- 

ns typ 

WR to INT Delay 


1000 

1400 

1700 

ns max 


^-ACC2 3 

70 

90 

no 

ns max 

Data Access Time (WR-RD Mode, 






see Fig. 5a) 

^IHWR 2 

100 

130 

150 

ns max 

WR to INT Delay (Stand-Alone Operation) 

flD 

50 

65 

75 

ns max 

Data Access Time after INT 






(Stand-Alone Operation) 


NOTES 

'Sample tested at 25°C to ensure compliance. All input control signals are specified with tr = tf=20ns (10% to 90% of +5V) and timed 
from a voltage level of 1.6V. 

2 C L = 50pF. 

3 Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

4 Defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

Test Circuits 


DBNO 



DBNO 

I 

: ioopf 
^DGND 

b. High-ZtoVoL 

Figure 1. Load Circuits for Data Access Time Test 


dbn o~ 


ipiOpF 

V 


DGND 

a. V OH toHigh-Z 
5V 

^3kn 

DBN O ♦ O 


: lOpF 
DGND 

b. VoLtoHigh-Z 

Figure 2. Load Circuits for Data Hold Time Test 
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ABSOLUTE MAXIMUM RATINGS* 


V DD to GND OV, +7V 

Digital Input Voltage to GND 

Pins 6-8, 13) -0.3V, V DD + 0.3V 

Digital Output Voltage to GND 

(Pins 2-5, 9, 14-18) -0.3V, V DD +0.3V 

Vref ( + ) to GND Vref ( - ), V DD + 0.3V 

Vref (~) to GND 0V, Vref ( + ) 

Vin to GND -0.3V, V DD +0.3V 

Operating Temperature Range 

Commercial (K, L Versions) 0 to + 70°C 

Industrial (B, C Versions) -25°Cto+85°C 


Extended (T, U Versions) - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

Power Dissipation (Any Package) to + 75°C 450mW 

Derates above 4- 75°C by 6mW/°C 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


WARNING! 




ESD SENSITIVE DEVICE 


DIP 


PIN CONFIGURATIONS 
LCCC 


PLCC 



Q Q > > Z 



|z § 1 ± 

“ CD u. U. 

NC = NO CONNECT > > 


18 OFL 

[ 17 DB7 (MSB) 
16 DB6 
15 DB5 
14 DB4 



j DB6 
i] DB5 
I DB4 


ORDERING INFORMATION 1 ’ 2 


Total 

i 



Unadjusted 

T emperature Range and Package Options 3, 4 

Error 

Oto +70°C 

— 25°C to + 85°C 

— 55°C to + 125°C 


Plastic DIP (N-20) 

Hermetic (Q-20) 

Hermetic (Q-20) 

± 1LSB 

AD7820KN 

AD7820BQ 

AD7820TQ 

± 1/2LSB 

AD7820LN 

AD7820CQ 

AD7820UQ 


PLCC 5 (P-20A) 


LCCC 6 (E-20A) 

± 1LSB 

AD7820KP 


AD7820TE 

± 1/2LSB 

AD7820LP 


AD7820UE 


NOTE 

order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing #5962-88650. 

2 Analog Devices reserves the right to ship ceramic packages (package outline D-20) 
in lieu of cerdip packages (package outline Q-20). 

3 See Section 14 for package outline information. 

4 A1so available in SOIC packages (AD7820KR, AD7820LR). 

5 PLCC: Plastic Leaded Chip Carrier. 

6 LCCC: Leadless Ceramic Chip Carrier. 
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Typical Performance Characteristics -AD7820 



T a - AMBIENT TEMPERATURE - X 



-100 -50 0 50 100 150 

T a - AMBIENT TEMPERATURE - °C 





Conversion Time (RD Model) 
vs. Temperature 


Power Supply Current vs. Temperature 
(not including reference ladder) 


Accuracy vs. t WR 



Accuracy vs. t RD 


Accuracy vs. tp 



0 1 2 3 4 5 


Accuracy vs V REF 

[Vref - Vr EF ( + ) - V REF (-)] 



INPUT SIGNAL = 5V p-p 
MEASUREMENT BANDWIDTH = 80kHz 



Signal-Noise Ratio vs. Input Frequency 


t/NTLf Internal Time Delay vs. 
Temperature 


Output Current vs. Temperature 
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PIN FUNCTION DESCRIPTION 


PIN MNEMONIC DESCRIPTION 

1 V IN Analog Input. Range: Vref< - ) to 

Vref( + )- 

2 DBO Data Output. Three State Output , bit 0 

(LSB) 

3 DB 1 Data Output. Three State Output, bit 1 

4 DB2 Data Output . Three State Output , bit 2 

5 DB3 Data Output. Three State Output , bit 3 

6 WR/RDY WRITE control input/READY status 

output. See Digital Interface section. 

7 Mode Mode Selection Input. It determines 

whether the device operates in the WR-RD 
or RD mode. It is internally tied to 
GND through a 50|xA current source. 

See Digital Interface section . 

8 RD READ Input. RD must be low to access 

data from the part. See Digital Interface 
_ section. 

9 INT INTERRUPT Output. INT going low 

indic ates that the conversion is complete. 
I NT re turns high on the rising edge 
of RD or CS. See Digital Interface section. 

10 GND Ground 

1 1 Vref( _ ) Lower limit of reference span . 

Range: GND<Vref( — )^Vref( + ) 

12 Vref( + ) Upper limit of reference span. 

Range: Vref( ~~ )— VrefK + )— V DD 

13 CS Chip Select Input. CS , the decoded 

devi ce addr ess, must be low for 
RD or WR to be recognized by the 
converter. 

14 DB4 Data Output. Three State Output, bit 4 

1 5 DB5 Data Output. Three State Output, bit 5 

16 DB6 Data Output. Three State Output, bit 6 

17 DB7 Data Output. Three State Output, bit 7 

(MSB) 

18 OFL Overflow Output. If the analog in put is 

higher than (Vref( + ) - l/2LSB),OFL 
will be low at the end of conversion. It 
is a non three state output which 
can be used to cascade 2 or more 
devices to increase resolution. 

19 NC No connection. 

20 V D d Power supply voltage, +5V 


CIRCUIT INFORMATION 
BASIC DESCRIPTION 

The AD7820 uses a half-flash conversion technique whereby 
two 4-bit flash A/D converters are used to achieve an 8-bit 
result. Each 4-bit flash ADC contains 15 comparators which 
compare the unknown input to a reference ladder to get a 4-bit 
result. For a full 8-bit reading to be realized, the upper 4-bit 
flash, the most significant (MS) flash, performs a conversion to 
provide the 4 most significant data bits. An internal DAC, 
driven by the 4 MSBs, then recreates an analog approximation 
of the input voltage. This analog result is subtracted from the 
input, and the difference is converted by the lower flash ADC, 
the least significant (LS) flash, to provide the 4 least significant 
bits of the output data. The MS flash ADC also has one additional 
comparator to detect input overrange. 

OPERATING SEQUENCE 

The operating sequence for the AD7820 in the WR-RD mode is 
shown in Figure 3 . A s et-up time of 500ns is required prior to 
the falling edge of WR. (This 500ns is required between reading 
data from the AD7820 and starting another conversion). When 
WR is low the input comparators track the analog input signal, 
Vin. On the rising edge of WR, the input signal is sa mpled and 
the result for the four most significant bits is lat ched . INT goes 
low approximately 700ns after the rising edge of WR. This 
indicates that conve rsion is complete and the data result is already 
in the output latch. RD going low then accesses the output 
data. If a faster conversi on ti me is required, the RD line can be 
brought low 600ns after WR goes high. This latches the lower 4 
bits of data and accesses the output data on DB0-DB7. 



COMPARATORS RD BROUGHT LOW HERE LATCHES 

THE 4 LSBS INTO OUTPUT LATCH 
AND ACCESSES DATA ON DB0-DB7 


Figure 3. Operating Sequence (WR-RD Mode) 
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DIGITAL INTERFACE 

The AD7820 has two basic interface modes which are determined 
by the status of the MODE pin. When this pin is low the converter 
is in the RD mode, with this pin high the AD7820 is set up for 
the WR-RD mode. 

RD Mode 

The timing diagram for the RD mode is shown in Figure 4. In 
tht^RD mode con figuration, conversion is initiated by taking 
RD low. The RD line is then kept low until output data appears. 
It is very useful with microprocessors which can be forced into 
a WAIT state, with the microprocessor starting a conversion, 
waiting, and then reading data with a single READ instruction. 
In this mode, pin 6 of the AD7820 is configured as a status 
output, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling edge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low at the completion of conversion. 
INT returns high on the rising edge of CS or RD. 



Figure 4. RD Mode 


WR-RD Mode 

In the WR-RD mode, pin 6 is configured as the WRITE input 
for the AD782 0. W ith CS low, conversion is initiated on the 
falling edge of WR. Two options exist for reading data from the 
converter. 



Figure 5a. WR-RD Mode (t RD >ti NTL ) 


In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Fig ure 5 a). 

INT typically goes low 700ns after the rising edge of WR. It 
indicates that conversion is complete and that the data result is 
in the output latch. With CS low, the data outputs (DB0-DB7) 
are activated when RD goes low. INT is reset by the rising edge 
of RD or CS. 

The alternative option can be used to shorten the conversion 
time. To achieve this, the status of the INT line is ig nored and 
RD can be brought low 600ns after the rising edge of WR. In 
this case RD going low transfers the data result i nto t he output 
latch and activates the data outputs (DB0-DB7). INT also goes 
low on the falling edge of RD and is reset on the rising edge of 
RD or CS. The timing for this interface is shown in Figure 5b. 

cs 


WR 

tcss 

RD 


INT 

DB0-DB7 


Figure 5b. WR-RD Mode ( t RD <t, NT L ) 

The AD7820 can also b e use d in stand-alone operation in the 
WR-RD mode. CS a nd R D are tied low and a conversion is 
initiated by bringing WR low . Ou tput data is valid typically 
700ns after the rising edge of WR. The timing diagram for this 
mode is shown in Figure 6. 


WR 


INT 

DB0-DB7 


Figure 6. WR-RD Mode Stand-Alone Operation , 
CS = RD = 0 
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APPLYING THE AD7820 

REFERENCE AND INPUT 

The two reference inputs on the AD7820 are fully differential 
and define the zero to full-scale input range of the A/D converter. 
As a result, the span of the analog input can easily be varied 
since this range is equivalent to the voltage difference between 
Vin( + ) and V IN (-)- By reducing the reference span, V REF ( + )- 
Vref( - ), to less than 5V the sensivity of the converter can be 
increased (i.e., if Vref = 2V then 1LSB = 7.8mV). The input/refer- 
ence arrangement also facilitates ratiometric operation. 

This reference flexibility also allows the input span to be offset 
from zero. The voltage at Vref( — ) sets the input level which 
produces a digital output of all zeroes. Therefore, although V IN 
is not itself differential, it will have nearly differential-input 
capability in most measurement applications because of the 
reference design. Figure 7 shows some of the configurations that 
are possible. 


v IN 

GND 

AD7820 

Voo 

Vref ( + ) 
Vref(-) 


Figure 7a. Power Supply as Reference 
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Figure 7b. External Reference 2.5V Full Scale 
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'CURRENT PATH MUST 
STILL EXIST FROM 
V IN (-)TO GROUND. 


Figure 7c. Input Not Referenced to GND 


INPUT CURRENT 

Due to the novel conversion techniques employed by the AD7820, 
the analog input behaves somewhat differently than in conventional 
devices. The ADC’s sampled-data comparators take varying 
amounts of input current depending on which cycle the conversion 
is in. 

The equivalent input circuit o f the AD7820 is shown in Figure 
8a. When a conversion starts (WR low, WR-RD mode), all 
input switches close, and Vin is connected to the most significant 
and least significant comparators. Therefore, V IN is connected 
to thirty one lpF input capacitors at the same time. 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2kO to 5kfl). In 


addition, about 12pF of input stray capacitance must be charged. 
For large source resistances, the analog input can be modelled 
as an RC network as shown in Figure 8b. As Rs increases, it 
takes longer for the input capacitance to charge. 

In the RD mode, the time for which the input comparators 
track the analog input is 600ns at the start of conversion. In the 
WR-RD mode the input comparators track Vin for the duration 
of the WR pulse. Since other factors cause this time to be at 
least 600ns, input time constants of 100ns can be accommodated 
without special consideration. Typical total input capacita nce 
values of 45pF allow R s to be 1.5kD without lengthening WR 
to give Vin more time to settle. 



Figure 8a. AD7820 Equivalent Input Circuit 


R s 350 

V IN — -^ WN r # t 

Cs“r 32pF^: 

Figure 8b. RC Network Model 



INPUT FILTERING 

It should be made clear that transients on the analog input 
signal, caused by charging current flowing into Vin will not 
normally degrade the ADC’s performance. In effect, the AD7820 
does not “look” at the input when these transients occur. The 
comparators’ outputs are not latched while WR is low, so at 
least 600ns will be provided to charge the ADC’s input capacitance. 
It is therefore not necessary to filter out these transients with an 
external capacitor at the Vi N terminal. 


INHERENT SAMPLE-HOLD 

A major benefit of the AD7820’s input structure is its ability to 
measure a variety of high speed signals without the help of an 
external sample-and-hold. In a conventional SAR type converter, 
regardless of its speed, the input must remain stable to at least 
ViLSB throughout the conversion process if full accuracy is to 
be maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary during 
the conversion. The AD7820 input comparators, by nature of 
their input switching inherently accomplish this sample-and-hold 
function. Although the conversion time for the AD7820 is 1.36|j,s, 
the time through which Vin must be V 2 LSB sta ble is much 
smaller. The AD7820 “samples” V IN only when WR is low. 

The value of Vi N approximat ely 10 0ns (internal propogation 
delay) after the rising edge of WR is the measured value. This 
value is then used in the least significant flash to generate the 
lower 4-bits of data. 
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Input signals with slew rates typically below 200mV/jxs can be approximation device. A SAR type converter with a conversion 

converted without error. However, because of the input time time as fast as lps would still not be able to measure a 5V, 

constants, and charge injection through the opened comparator 1kHz sine wave without the aid of an external sample-and-hold. 

input switches, faster signals may cause errors. Still, the AD7820’s The AD7820 with no such help, can typically measure 5V, 

loss in accuracy for a given increase in signal slope is far less 10kHz waveforms, 

than what would be witnessed in a conventional successive 


Applications 



Figure 9a. 8-Bit Resolution 


OUTPUT 

CODE FULL SCALE 




Figure 9b. Nominal Transfer Characteristic for 8-Bit 
Resolution Circuit 



Figure 10. 9-Bit Resolution 
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Applications 


25kfl 



Figure 1 1. Telco m A/D Converter 


clK—TU - 



IFV„ a sV mf 


Figure 12. 8-Bit Analog Multiplier 



Figure 13. Fast Infinite Sample-and-Hold 
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DEVICES 


LC 2 M0S High-Speed jiP Compatible 
8-Bit ADC with Track/Hold Function 


AD7821 


FEATURES 

Fast Conversion Time: 660ns max 
100kHz Track-and-Hold Function 
1MHz Sample Rate 
Unipolar and Bipolar Input Ranges 
Ratiometric Reference Inputs 
No External Clock 

Skinny 20-Pin DIPs and 20-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7821 is a high-speed, 8-bit, sampling, analog-to-digital 
converter that offers improved performance over the popular 
AD7820. It offers a conversion time of 660ns (vs 1.36|jls for the 
AD7820) and 100kHz signal bandwidth (vs 6.4kHz). The sampling 
instant is better defined and occurs on the falling edge of WR 
or RD. The provision of a V ss pin (Pin 19) allows the part to 
operate from ± 5V supplies and digitize bipolar input signals. 
Alternatively, for unipolar inputs, the V S s pin can be grounded 
and the AD7821 will operate from a single +5V supply, like 
the AD7820. 

The AD7821 has a built-in track-and-hold function capable of 
digitizing full-scale signals up to 100kHz max, It also uses a 
half-flash conversion technique which eliminates the need to 
generate a CLK signal for the ADC. 

The AD7821 is designed with standard microprocessor control 
signals (CS, RD, WR, RDY, INT) and latched, three-state data 
outputs capable of interfacing to high-speed data buses. An 
overflow output (OFL) is also provided for cascading devices to 
achieve higher resolution. 

The AD7821 is fabricated in Linear-Compatible CMOS 
(LC 2 MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low-power CMOS logic. The part 
features a low power dissipation of 50mW. 


AD7821 FUNCTIONAL BLOCK DIAGRAM 


V D d 



PRODUCT HIGHLIGHTS 

1 . Fast Conversion Time 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices’ LC 2 MOS process, enables a very fast 
conversion time. The conversion time for the WR-RD mode 
is 660ns, with 700ns for the RD mode. 

2. Built-In Track-and-Hold 

This allows input signals with slew rates up to 1.6V/|xs to be 
converted to 8-bits without an external track-and-hold. This 
corresponds to a 5V peak-to-peak, 100kHz sine- wave 
signal. 

3. Total Unadjusted Error 

The AD7821 features an excellent total unadjusted error 
figure of less than ± 1LSB over the full operating temperature 
range. 

4. Unipolar/Bipolar Input Ranges 

The AD7821 is specified for single supply ( + 5V) operation 
with a unipolar full-scale range of 0 to -I- 5V, and for dual 
supply (±5V) operation with a bipolar input range of ±2.5V. 
Typical performance characteristics are given for other input 
ranges. 

5. Dynamic Specifications for DSP Users 

In addition to the traditional ADC specifications, the AD7821 
is specified for ac parameters, including signal-to-noise ratio, 
distortion and slew rate. 
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V DD = + 5V ± 5%, GND = OV. Unipolar Input Range: Vss = GND, V REF { + ) = 5V, V REF (-) = GND. 
Qprpirip ATiniJC Bipolar Input Range: = -5V ± 5%, + ) = 2.5V, V REF ( — ) = -2.5V. These test conditions apply unless 

O T LI/ 1 r I vH 1 1 U liO otherwise stated. All specifications to unless otherwise stated. Specifications apply for RD Mode (Pin 7 = OV). 


Parameter 

K Version 1 

B,T Version 

Units 

Comments 

UNIPOLAR INPUT RANGE 





Resolution 2 

8 

8 

Bits 


Total Unadjusted Error 3 

±1 

±1 

LSBmax 


Minimum Resolution for which 

No Missing Codes are Guaranteed 

8 

8 

Bits 


BIPOLAR INPUT RANGE 





Resolution 2 

8 

8 

Bits 


Zero Code Error 

±1 

±1 

LSB max 


Full Scale Error 

±1 

±1 

LSBmax 


Signal-to-Noise Ratio (SNR) 3 

45 

45 

dB min 

V IN = 99.85kHz Full-Scale Sine Wave 

Total Harmonic Distortion (THD) 3 

-50 

-50 

dB max 

with fsAMPLiNG = 500kHz 

Vin = 99. 85kHz Full-Scale Sine 

Peak Harmonic or Spurious Noise 3 

-50 

-50 

dB max 

Wave with fsAMPLiNG = 500kHz 

Vin = 99.85kHz Full-Scale Sine 

Intermodulation Distortion (IMD) 3 

-50 

-50 

dB max 

Wave with fsAMPLiNG = 500kHz 
fa(84. 72kHz) and fb(94.97kHz) Full-Scale 

Sine Waves with fsAMPLiNG = 500kHz 

Second order terms 


-50 

-50 

dB max 

Third order terms 

Slew Rate, Tracking 3 

1.6 

1.6 

V/ps max 



2.36 

2.36 

V/ps typ 


REFERENCE INPUT 





Input Resistance 

1. 0/4.0 

1. 0/4.0 

kfl min/kfl max 


Vref ( + ) Input Voltage Range 

Vref(~)/V dd 

Vref(-)A/dd 

V min/V max 


Vref ( - ) Input Voltage Range 

Vss/Vref( + ) 

V S s/Vref( + ) 

V min/V max 


ANALOG INPUT 





Input Voltage Range 

Vref(-)/Vref( + ) 

Vref(-)/Vref( + ) 

V min/V max 


Input Leakage Current 

±3 

±3 

pA max 

-5V<V IN =s +5V 

Input Capacitance 

55 

55 

pFtyp 


LOGIC INPUTS 

CS,WR,RD 

Vinh 

2.4 

2.4 

V min 


VlNL 

0.8 

0.8 

V max 


Iinh(CS,RD) 

1 

1 

pA max 


Iinh(WR) 

3 

3 

pA max 


Iinl 

-1 

-1 

pA max 


Input Capacitance 4 

8 

8 

pFmax 

Typically 5pF 

MODE 

Vinh 

3.5 

3.5 

V min 


Vinl 

1.5 

1.5 

V max 


Iinh 

200 

200 

pAmax 

50 pA typ 

IlNL 

-1 

-1 

pAmax 


Input Capacitance 4 

8 

8 

pFmax 

Typically 5pF 

LOGIC OUTPUTS 

DB0-DB7, OFL, INT 

V()H 

4.0 

4.0 

V min 

Isource = 360pA 

Voi. 

0.4 

0.4 

V max 

Isink= 1.6mA 

Iout (DB0-DB7) 

±3 

±3 

pA max 

Floating State Leakage 

Output Capacitance 4 (DB0-DB7) 

8 

8 

pF max 

Typically 5pF 

RDY 

Voi. 

0.4 

0.4 

V max 

Isink= 2.6mA 

Iout 

±3 

±3 

pA max 

Floating State Leakage 

Output Capacitance 4 

8 

8 

pFmax 

Typically 5pF 

POWER SUPPLY 

w 

15 

20 

mA max 

CS = RD = 0 V 

Iss 

100 

100 

pA max 

CS = RD =0V 

Power Dissipation 

50 

50 

mW typ 


Power Supply Sensitivity 

±1/4 

±1/4 

LSB max 

± 1/16LSB typ, Vqd =4.75V to 5.25V, 





(Vref( + ) = 4.75 V max for Unipolar Mode) 


NOTES 


‘Temperature Ranges are as follows: 

K Version: 0 to + 70°C 

B Version: - 25°C to + 85°C 

T Version: - 55°Cto + 125°C 

2 1LSB = 19.53mV for both the unipolar (0 to + 5V) and bipolar (- 2.5V to + 2.5V) input ranges. 


3 See Terminology. 

4 Sample tested at + 25°C to ensure compliance. 
5 See Typical Performance Characteristics. 
Specifications subject to change without notice. 


Test Circuits 



a. HighZtoVoH b. HighZtoV OL 

Figure 1. Load Circuits for Data Access Time Test 


5V 



a. V oh to High Z b. V 0 {.toHighZ 

Figure 2. Load Circuits for Data Hold Time Test 
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TIMING CHARACTERISTICS 1 (Voo = + 5V ± 5%, Vjs = OV or — 5V ± 5%; Unipolar or Bipolar Input Range) 


Parameter 

Limit at 25°C 
(All Grades) 

Limit at 

(K, B, Grades) 

Limit at 

T • T 

nun) max 

(T Grade) 

Units 

Conditions/Comments 

k:ss 

0 

0 

0 

ns min 

CS to RD/WR Setup Time 

k:sH 

0 

0 

0 

ns min 

CS to RD/WRHold Time 

1 rdy 2 

70 

85 

100 

ns max 

CS to RD Y Delay. Pull-Up 






Resistor 5k 1. 

tcRD 

700 

875 

975 

ns max 

Conversion Time (RD Mode) 

l ACC0 3 





Data Access Time (RD Mode) 


tcRD + 25 

tCRD + 30 

r CRD + 35 

ns max 

C L = 20pF 


fCRD + 50 

Icrd + 65 

1 crd + 7 5 

ns max 

C L = lOOpF 

l INTH 2 

50 

- 

- 

nstyp 

RD to INT Delay (RD Mode) 


80 

85 

90 

ns max 


f DH 4 

15 

15 

15 

ns min 

Data Hold Time 


60 

70 

80 

ns max 


tp 

350 

425 

500 

ns min 

Delay Time between Conversions 

l WR 

250 

325 

400 

ns min 

Write Pulse Width 


10 

10 

10 

jxs max 


l RD 

250 

350 

450 

ns min 

Delay Time between WR and RD Pulses 

Arkadi 

160 

205 

240 

ns min 

RD Pulse Width (WR-RD Mode, see Figure 12b) 






Determined by t ACC1 

tACCI 3 





Data Access Time (WR-RD Mode, see Figure 12b) 


160 

205 

240 

ns max 

C L = 20pF 


185 

235 

275 

ns max 

C L = lOOpF 

l RI 

150 

185 

220 

ns max 

RD to INT Delay 

1 1NTI. 2 

380 

- 

- 

nstyp 

WR to INT Delay 


500 

610 

700 

ns max 


l RF.AD2 

65 

75 

85 

ns max 

RD Pulse Width (WR-RD Mode, see Figure 12a) 






Determined by t ACC2 

l ACC2 3 





Data Access Time (WR-RD Mode, see Figure 12a) 


65 

75 

85 

ns max 

Cl = 20pF 


90 

110 

130 

ns max 

C L = lOOpF 

*IHWR 2 

80 

100 

120 

ns max 

WR to INT Delay (Stand-Alone Operation) 

tin 3 





Data Access Time after INT 






(Stand-Alone Operation) 


30 

35 

40 

ns max 

C L = 20pF 


45 

60 

70 

ns max 

C L = lOOpF 


NOTES 

'Sample tested at + 25°C to ensure compliance. All input control signals are specified with tr = tf = 5ns (10% to 90% of + 5V) and timed from a 
voltage level of 1 .6V. 

^C,. = 50pF. 

3 Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

4 Defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 

V DD to GND -0.3V, +7V 

VsstoGND + 0.3V, — 7V 

Digital Input Voltage to GND 

(Pins 6-8, 13) -0.3V, V DD +0.3V 

Digital Output Voltage to GND 

(Pins 2-5, 9, 14-18) -0.3V, V DD +0.3V 

Vref ( + ) to GND Vss -0.3V, V DD +0.3V 

Vref (-) to GND V ss -0.3V, V DD + 0.3V 

♦Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 


V IN to GND V ss -0.3V, V DD +0.3V 

Operating Temperature Range 

Commercial (K Version) . . . 0 to + 70°C 

Industrial (B Version) -25°C to + 85°C 

Extended (T Version) -55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

Power Dissipation (Any Package) to +75°C 450mW 

Derates above +75°C by 6mW/°C 

those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 

An ADC with 8-bit resolution can resolve one part in 2 8 (1/256 
of full scale). For the AD7821 operating in either the unipolar 
or bipolar input range with 5V full scale, one LSB is 19.53mV. 

TOTAL UNADJUSTED ERROR 

This is a comprehensive specification which includes relative 
accuracy, offset error and full-scale error. 


SLEW RATE 

Slew Rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. 


TOTAL HARMONIC DISTORTION 

Total harmonic distortion is the ratio of the square root of the 
sum of the squares of the rms value of the harmonics to the rms 
value of the fundamental. For the AD7821, total harmonic 
distortion (THD) is defined as 


20 log f V (V 2 2 + V, 2 + V, 2 + V 5 2 + V 6 2) 
1 V, 


dB 


where Vi is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 , V 5 , Vg, are the rms amplitudes of the individual harmonics. 


PIN CONFIGURATIONS 


INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products, of order (m + n), at sum and difference frequencies of 

mfa + nfb, where m,n = 0, 1, 2, 3, . Intermodultaion 

terms are those for which m or n is not equal to zero. For example, 
the second order terms include (fa + fb) and (fa - fb), and the 
third order terms include (2fa + fb), (2fa - fb), (fa 4- 2fb) 
and (fa - 2fb). For the AD7821 intermodulation distortion is 
calculated separately for both the second and third order terms. 

SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is measured signal-to-noise at the 
output of the ADC. The signal is the rms magnitude of the 
fundamental. Noise is the rms sum of all nonfundamental signals 
(excluding dc) up to half the sampling frequency. SNR is de- 
pendent on the number of quantization levels used in the digiti- 
zation process. The theoretical SNR for a sine-wave input is 
given by: 

SNR = (6.02N + 1.76) dB, 

where N is the number of bits in the ADC. Thus for an ideal 8- 
bit ADC, SNR = 50dB. 

PEAK HARMONIC OR SPURIOUS NOISE 

Peak harmonic or spurious noise is the rms value of the largest 
nonfundamental frequency (excluding dc) up to half the sampling 
frequency to the rms value of the fundamental. 
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V,N |j[ 
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AD7821 
TOP VIEW 
(Not to Scale) 
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PLCC 



18 OFL 
17 DB7 (MSB) 
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14 DB4 



| DB6 
| DB5 
I DB4 


ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


0 to +70°C 

— 25°C to 
+ 85°C 

-55°C to 
+ 125°C 

Plastic DIP (N-20) 

Hermetic (Q-20) 

Hermetic (Q-20) 

AD7821KN 

AD7821BQ 

AD7821TQ 

PLCC 3 (P-20A) 


LCCC 4 (E-20A) 

AD7821KP 


AD7821TE 


NOTE 

To order MIL-STD-883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC : Leadless Ceramic Chip Carrier . 
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Accuracy vs. t RD 


Accuracy vs. t P 


Accuracy vs V REF 

IV REF = Vref ( + )— Vref ( — )] 



.... , -100 - 50 0 50 100 150 

Effective Number of Bits vs. Input t a ~ ambient temperature -°c 

Signal (± 2.5V) Frequency 


tiNTLf Internal Time Delay vs. 
Temperature 



t a - ambient temperature - °c 


Output Current vs. Temperature 
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PIN FUNCTION DESCRIPTION 


Pin Mnemonic 

1 V IN 

2 DBO 

3-5 DB1-DB3 

6 WR/RDY 

7 MODE 

8 RD 

9 !nt 

10 GND 


Description 

Analog Input: Range V REF ( - ) V IN ^ 
Vref( + ). 

Three-State Data Output (LSB). 

Three- State Data Outputs. 

WRITE control input/READY status 
output. See Digital Interface section. 

Mode Selection Input. It determines 
whether the device operates in the WR-RD 
or RD mode. This input is internally 
pulled low through a 50|xA current source. 
See Digital Interface section. 

READ Input. RD must be low to access 
data from the part. See Digital Interface 
section. 

INTERRUPT Output. INT going low 
indic ates that the conversion is complete. 
INT returns high on the rising edge 
of CS or RD. See Digital Interface section. 

Ground. 


CIRCUIT INFORMATION 

BASIC DESCRIPTION 

The AD7821 uses a half flash conversion technique (see Functional 
Block Diagram), whereby two 4-bit flash ADCs are used to 
achieve an 8-bit result. Each 4-bit flash ADC contains 15 com- 
parators, which compare an unknown input voltage to the reference 
ladder, to achieve a 4-bit result. The MS (most significant) flash 
ADC converts an unknown analog input voltage (V IN ) to provide 
the 4 MS data bits. An internal DAC, driven by the 4 MS data 
bits, then recreates an analog approximation of the input voltage. 
The DAC output voltage is subtracted from the analog input, 
and the difference is converted by the LS (least significant) 

ADC to provide the 4 LS data bits. The MS flash ADC also has 
one additional comparator to detect overrange on the analog 
input. 

OPERATING SEQUENCE 

The AD7821 has two operating modes. The RD mode allows a 
conversion to be started and datato be read with a single, extended, 
READ operation, i.e., CS and RD are taken low. The conversion 
proc ess is timed out by internal one-shots. The WR-RD mode 
uses WR to start a conversion and RD to read the data and 
allows the conversion timing to be externally controlled. The 
operating sequence for the WR-RD mode is shown in Figure 3. 



Figure 3. Operating Sequence (WR-RD Mode ) 

A conversion is initiat ed an d the analog input signal (Vi N ) sampled 
on the falling edge of WR (falling edge of RD, RD mode). A 
setup time (tp, delay time between conversions) of 350ns is 
required prior to this falling edge. See Digital Interface section 


Pin 

Mnemonic 

Description 

11 

Vref(-) 

Lower limit of reference span. 

Range: V S s ^ V REF ( - ) <V REF ( + ). 

12 

Vref( + ) 

Upper limit of reference span. 

Range: V RE f( ~ ) < V RE f( + ) — V DD . 

13 

CS 

Chip Select Input. The device is 
selected when this input is low. 

14-16 

DB4-DB6 

Three-State Data Outputs. 

17 

DB7 

Three-State Data Output (MSB). 

18 

OFL 

Overflow Output. If the analog input is 
higher than (Vrj?f( + ) — 1/2LSB), OFL 
will be low at the end of conversion. It 
is a non-three-state output which can 
be used to cascade 2 or more devices to 
increase resolution. 

19 

Vss 

Negative supply voltage. 

Vss “ 0V; Unipolar Operation. 

Vss = - 5V; Bipolar Operation. 

20 

Vdd 

Positive supply voltage, + 5V. 


for more details. When WR is low, the internal MS (most sig- 
nificant) ADC compares the sampled analog input with the 
reference ladder to provide the 4 MS data bits. A minimum of 
250n s is required for this comparison. On the rising edge of 
WR, the MS data result is latched internally and the LS (l east 
significant) conversion begins, to yield the 4 LS data bits. INT 
goes low typically 380ns after the rising edge of WR. This indicates 
the LS conversion is complete and that both t he L S and MS 
data results are latched into the output buffer. RD going low 
then enables the output data. If a faster conver sion time is required, 
the RD line can be brought low 250ns after WR goes high. This 
latches both the LS and MS data bits and outputs the conversion 
result on DB0-DB7. 

REFERENCE AND INPUT 

The Vref ( — ) and Vref ( + ) reference inputs on the AD7821 
are fully differential and define the zero and full-scale input 
range of the ADC. The transfer characteristic of the part is 
defined by the integer value of the following expression: 


Data (LSBs) = 256 


v in-Vref(~) 1 
- V REf( + ) “ Vref(-)J 


+ 0.5 


As a result, the analog input (V IN ) of the device can easily be 
set up to provide both unipolar and bipolar operation. The data 
output code for unipolar and bipolar operation is Natural Binary 
and Offset Binary respectively. 

The span of the analog input voltage can easily be varied. By 
reducing the reference span, V RE f ( + )- V RE f ( — )» to less than 
5V the sensitivity of the converter can be increased (i.e., if 
Vref = 2V then lLSB = 7.8mV). The reference flexibility also 
allows the input span for unipolar operation to be offset from 
zero (Vref (~)>GND). Additionally, the input/reference ar- 
rangement facilitates ratiometric operation. 

Figures 4 and 5 show some configurations which are possible. 
For minimum noise a 47 |jlF capacitor in parallel with a 0.1 pF 
capacitor should be connected between the reference inputs and 
GND. 
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•ADDITIONAL CIRCUITRY OMITTED FOR CLARITY. 


Figure 4. Power Supply as Reference. Unipolar Operation 
(Oto +5V) 



•ADDITIONAL CIRCUITRY OMITTED FOR CLARITY. 


Figure 5. External Reference. Bipolar Operation 
(- 2.5V to +2.5V) 

INPUT CURRENT 

The analog input of the AD7821 behaves somewhat differently 
to conventional A/D converters. This is due to the ADC’s sampled- 
data comparators, which take varying amounts of input current 
depending on the cycle of the converter. 

The equivalent input circuit of the AD7821 is shown in Figure 
6. When a conversion ends (e.g., falling edge of INT, WR-RD 
mode, t RD >ti NTL ) all the input switches are closed and V IN is 
connected to the comparators of the internal LS and MS ADCs. 
Therefore, Vi N is connected to thirty-one lpF input capacitors 
at the same time. 



Figure 6. AD782 1 Equivalent Input Circuit 


The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2kfi to 5kfl). In 
addition, about 12pF of input stray capacitance must be 
charged. 

The analog input can be modelled as an equivalent RC network 
as shown in Figure 7. As Rs (source impedance) increases, the 
input capacitance takes longer to charge. 


The comparators track the analog input between conversions. A 
minimum delay time (tp) of 350ns is required between conversions 
to allow for voltage source settling and comparator tracking 
time. This allows input time constants of 50ns without settling 
time problems. Typical total input capacitance values of 55pF 
allow R s to be 0.9kil without lengthening t P to give Vi N more 
time to settle. 




Figure 7. RC Network Model 


INPUT TRANSIENTS 

Transients on the analog input signal caused by charging current 
flowing into Vi N will not normally degrade the ADC’s performance. 
In effect, the AD7821 does not “look” at the input when these 
transients occur. The comparato rs’ in puts track Vim and are not 
sampled until the falling edge of WR (WR-RD Mode) or RD 
(RD Mode), so at least 350ns (t P ) is provided to charge the 
ADC’s input capacitance. It is, therefore, not necessary to filter 
out these transients with an external capacitor at the Vi N 
terminal. 

INHERENT TRACK-AND-HOLD 

A major benefit of the AD7821’s input structure is its ability to 
measure a variety of high-speed signals without the help of an 
external track-and-hold. Any ADC which does not have a built-in 
track-and-hold, regardless of its speed, requires the analog input 
to remain stable to at least 1/2 LSB for the duration of the conversion 
to maintain full accuracy. This requires the use of a track-and-hold 
whenever the input is a high-speed signal. The AD7821’s sampled- 
data comparators, by nature of their input switching, inherently 
accomplish this track-and-hold function. Although the conversion 
time for the AD7821 is 660ns (WR-RD mode, twR + tRD + tAcci)* 
the time for which V IN must be stable to 1/2LSB is much smaller. 
The AD7821 tracks V IN between conversions only, and its value 
on the falling edge of WR or RD in the WR-RD or RD modes 
respectively is the measured value. 

SINUSOIDAL INPUTS 

The bandwidth of the built-in track-and-hold is 100kHz max 
(150kHz typ, 5V p-p). This is limited by the analog bandwidth 
of the comparators and timing skew between the comparator 
switches. This means that the analog input frequency can be up 
to 100kHz without the aid of an external track-and-hold. The 
Nyquist criterion requires that the sampling rate be at least 
twice the input frequency (i.e., 3 s 2 x 100kHz). This requires an 
ideal antialiasing filter with an inifinite roll-off. To ease the 
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problem of antialiasing filter design, the sampling rate is usually 
set much greater than the Nyquist criterion. The maximum 
sampling rate (fmax) for the AD7821 in the WR-RD mode, 

(t RD < tiNTL.) can be calculated as follows: 


maX r WR + t RD + t RI + tp 

f . I 

Im “ 0.25E - 6 + 0.25E - 6 + 0. 15E - 6 + 0.35E - 6 

t WR = Write Pulse Width 

t RD = Delay Time between WR and RD Pulses 

t RI = RD to INT Delay 

t P = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the AD7821 
which is much greater than the Nyquist criterion for sampling a 
100kHz analog input signal. 

DIGITAL SIGNAL PROCESSING APPLICATIONS 

In Digital Signal Processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the dynamic 
characteristics (Signal-to-Noise Ratio, Harmonic Distortion, 
Intermodulation Distortion) of an ADC are critical. Since the 
AD7821 is a very fast ADC with a built-in track-and-hold function, 
it is specified dynamically as well as with standard dc specifications 
(Total Unadjusted Error etc.). 

SIGNAL-TO-NOISE RATIO AND DISTORTION 

The dynamic performance of the AD7821 is evaluated by applying 
a very low distortion sine- wave signal to the analog input (Vin) 
which is then sampled at a 512kHz sampling rate. A Fast Fourier 
Transform (FFT) plot is then generated from which Signal-to- 
Noise Ratio (SNR) and harmonic distortion data is obtained. 

Figure 8 shows a 2048 point FFT plot of the AD7821 with an 
input signal of 100.25kHz. The SNR is 49.1dB. It should be 
noted that the harmonics are taken into account when calculating 
the SNR. The theoretical relationship between SNR and resolution 
(N) is expressed by the following equation: 

SNR = (6.02N + 1.76)db (1) 



Figure 8. AD7821 FFT Plot 

EFFECTIVE NUMBER OF BITS 

By working backwards from Equation (1) it is possible to get a 
measure of ADC performance expressed in effective number of 
bits (N). A plot of the effective number of bits versus input 
frequency is given in the Typical Performance Characteristics 
section. The effective number of bits typically falls between 7.7 
and 7.9 corresponding to SNR figures of 48.1 and 49.7dB. 

INTERMODULATION DISTORTION 

For intermodulation distortion (IMD), an FFT plot is generated 
by sampling an analog input applied to the ADC consisting of 
very low distortion sine waves at two frequencies. Figure 9 
shows a 2048 point plot for IMD. 



Figure 9. FFT Plot for IMD 

HISTOGRAM PLOT 

When a sine wave of specified frequency is applied to the Vi N 
input of the AD7821 and several thousand samples are taken, it 
is possible to plot a histogram showing the frequency of occurrence 
of each of the 256 ADC codes . A perfect ADC produces a prob- 
ability density function described by the equation: 

P(V) = ir(A 2 - V2)i'2 

where A is the peak amplitude of the sine wave and P(V) the 
probability of occurrence at a voltage V. 

If a particular step is wider than the ideal 1 LSB width, then 
the code associated with that step will accumulate more counts 
than for the code for an ideal step. Likewise, a step narrower 
than the ideal width will have fewer counts. Missing codes are 
easily seen because a missing code means zero counts for a 
particular code. The absence of large spikes in the plot indicates 
small differential nonlinearity. 

Figure 10 shows a histogram plot for the AD7821, which cor- 
responds very well with the ideal shape. The plot indicates very 
small differential nonlinearity and no missing codes for an input 
frequency of 100.25kHz. 


INF 

SA 

JT FREQUENCY 
tfPLE FREQUENC 
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25°C 

= 100.25kHz (±2. 

:S = 100,000 

»V) 

l. 
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Figure 10. AD7821 Histogram Plot 

In digital signal processing applications, where the AD7821 is 
used to sample ac signals, it is essential that the signal sampling 
occurs at exactly equal intervals. This minimizes errors due to 
sampling uncertainty or jitter. A precise timer or clock source, 
to start the ADC conversion process, is the best method of 
generating equidistant sampling intervals. 

The two modes of operation given in the data sheet are suitable 
for DSP applications because the sampling instant of t he A D7821 
is w ell defined. Vin is sampled on the falling edge of WR or 
RD in the WR-RD or RD modes respectively. 
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DIGITAL INTERFACE 

The AD7821 has two basic interface modes which are determined 
by the status of the MODE pin. When this pin is low, the 
converter is in the RD mode; with this pin high, the AD7821 is 
set up for the WR-RD mode. 

The RD mode is designed for microprocessors which can be 
driven into a WAIT state. A READ operation (i.e., CS and RD 
are taken low) starts a conversion and data is read when the 
conversion is complete. The WR-RD mode does not require 
micr oprocessor WAIT states. A WRITE operation (i.e., CS and 
WR are taken low) initiates a conversion, and a READ operation 
reads the result when the conversion is complete. 

RD Mode (MODE = 0) 

The timing diagram for the RD mode is shown in Figure 11. 
This mode is intended for use with microprocessors which have 
a WAIT state facility, whereby a READ instruction cycle can 
be extended to accommodate slow memory devices. A conversion 
is started by taking CS and RD low (READ operation). Both 
CS and RD are then kept low until output data appears. 

In this mode, Pin 6 of the AD7821 is configured as a status 
output, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling ed ge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low when a conversion is complete. 
INT returns high on the rising edge of CS or RD. 



Figure 1 1. RD Mode 
WR-RD Mode (MODE = 1) 

In the WR-RD mode, Pin 6 isconfigured as a WRITE (WR) 
input for the AD7 821. With CS low, conversion is initiated on 
the falling edge of WR. Two options exist for reading data from 
the converter. 

In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Figure 12a). 
INT typically goes low within 380ns after the rising edge of 
WR. It indicates that conversion is complete and that the data 
result is in the output latch. With CS low, th e data outputs 
(DB0-DB7) are ac tiva ted when RD goes low. INT is reset by 
the rising edge of RD or CS. 

The alternative option can be used to shorten the conversion 
time. This is a method for bypassing the internal time-out circuit. 
The INT line is ignored and RD can be brought low 250ns 


after the rising edge of WR. In this case RD going low transfers 
the data result into the output latch and activates the data output 
(DB0-DB7). INT is drive n lo w on the falling edge of RD and is 
reset on the rising edge of RD or CS. The timing for this interface 
is shown in Figure 12b. 





Figure 12b. WR-RD Mode (t RD <t /NT L ) 

The AD7821 can also b e us ed in stand-alone operation in the 
WR-RD mode. CS a nd R D are tied low, and a conversion is 
initiated by bringing WR low. Out put data is valid 530ns (t INTL 
+ t ID ) after the rising edge of WR. The timing diagram for this 
mode is shown in Figure 13. 



Figure 13. WR-RD Mode Stand-Alone Operation, CS = RD = 0 
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MICROPROCESSOR INTERFACING 

The AD7821 is designed for easy interfacing to microprocessors 
as a memory mapped perhiperal or an I/O device. This reduces 
to a minimum the amount of external logic required for 
interfacing. 

AD7821 - 68008 INTERFACE 

Figure 14 shows an AD7821 interface to the 68008 microprocessor. 
The ADC is configured for the RD interface mode. This means 
that one read instruction starts a conversion and reads the result 
when the conversion is completed. The read cycle i s stre tched 
out over th e entire co nversion period by taking the INT line 
back to the DTACK input of the 68008. Starting a conversion 
and reading the relevant data consists of a < MOVE B Dn, 
addr > instruction, where addr is the decoded ADC address 
and Dn is the data register into which the result is placed. 



Figure 14. AD7821 to 68008 Interface 


AD7821 - 8088 INTERFACE 

A typical interface to the 8088 is shown in Figure 15. The AD7821 
is configured for the RD interface mode. One read instruction 
starts a conversion and reads the result. The read cycle is stretched 
out over the entire conversion period by taking the RDY line 
back to the READY input of the 8088. Starting a conversion 
and reading the result consists of a < MOV AX, (addr) > in- 
struction, where addr is the decoded ADC address and AX is 
the 8088 data register into which the conversion result is placed. 



Figure 15. AD7821 to 8088 Interface 


AD782I - TMS32010 INTERFACE 

A typical interface to the TMS32010 is shown in Figure 16. The 
AD7821 is mapped at a port address and the interface is designed 
for the maximum TMS32010 clock frequency of 20MHz. In this 
case the AD7821 is configured in the WR-RD interface mode. 
This means that a write instruction starts a conversion and a 
read instruction reads the result when the conversion is completed. 
A precise timer or clock source is used to start a conversion in 
applications requiring equidistant sampling intervals. The scheme 
used, whereby the AD7821 generates an interrupt to the 
TMS32010, is limited in that it does not allow the AD7821 to 
be sampled at its maximum rate. This is because the time between 
samples has to be long enough to allow the TMS32010 to service 
its interrupt and read data from the AD7821 . Constant interruption 
of the TMS32010 by the AD7821, every time the ADC completes 
a conversion, is not a very efficient use of the processor time. 

To overcome these problems, some buffer memory or FIFO 
could be placed between the AD7821 and the TMS32010. The 
INT line ofjthe AD7821 could be used to trigger a pulse which 
drives its CS and RD lines and places the AD7821 data into a 
FIFO or buffer memory. The microprocessor can then read a 
batch of data from the FIFO or buffer memory at some convenient 
time. Reading data from the AD7821, after an INT has been 
received, consists of < IN A, PA > instruction (PA is the decoded 
ADC address). 



Figure 16. AD7821 to TMS32010 Interface 
AD7821 - 8051 INTERFACE 

Figure 17 shows the AD7821 interface to the 8051 microcomputer 
The AD7821 is configured in the WR-RD interface mode and is 
connected to the 8051 ports. The processor starts conversion 
and then polls INT, until it goes low, before reading the conversion 
result. Data is read from the AD7821 by using the < MOV A, 
90H > instruction (90H is the address for Port 1). 
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•ADDITIONAL CIRCUITRY OMITTED FOR CLARITY. 


Figure 1 7. AD782 1 to 805 1 1nterface 
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APPLYING THE AD7821 

The AD7821 is specified for a unipolar input range of 0 to + 5V 
and a bipolar input range of -2.5V to + 2.5V. The V REF (-) 
and Vrkf ( + ) voltages required for these input ranges are outlined 
below. See the Typical Performance Characteristics section for 
operation with unspecified input voltage ranges. 



Figure 18. AD7821 Unipolar/Bipolar Operation 

UNIPOLAR OPERATION 

Figure 18 gives the configuration and reference voltages required 
for 0 to + 5V operation. The nominal transfer characteristic for 
this input range is shown in Figure 19. The output code is 
Natural Binary with 1LSB - (5/256) V = 19.5mV. 


OUTPUT 

CODE FULL SCALE 



01LSB2LSB S 3LSBS i FS 

I— FS-1LSB 

v IN input Voltage on terms of lsbsI 


Figure 19. Nominal Transfer Characteristic for Unipolar 
(0 to +5V) Operation 

BIPOLAR OPERATION 

Figure 18 gives the configuration and reference voltages required 
for — 2.5V to + 2.5 V operation. The nominal transfer characteristic 
for this input range is shown in Figure 20. The output code is 
Offset Binary with 1LSB = ([ + 2.5 - (-2.5)]/256)V =19.5mV. 

OUTPUT 

CODE 



16-CHANNEL TELECOM A/D CONVERTER 

The fast sampling rate (1MHz) and bipolar operation of the 
AD7821 makes it useful in Telecom applications for sampling a 
number of input channels using a multiplexer. Figure 21 shows 
a circuit for such an application. 



Figure 21. 1 6-Channel Telecom A/D Converter System 


The maximum signal frequency required for acceptable quality 
in Telecom applications is 3kHz. The circuit given in Figure 21 
permits each of the 16-input channels to be sampled at a rate of 
16kHz maximum. The sampling rate takes account of such 
multiplexer parameters as t 0 N> settling time etc. The circuit also 
eases the problem of the anti-aliasing filter design by sampling 
at a rate much greater than that required by the Nyquist 
criterion. 

SIMULTANEOUS SAMPLING A/D CONVERTERS 

The AD7821’s inherent track-and-hold and well defined sampling 
instant makes it useful, in such applications as sonar, where a 
number of input channels are required to be sampled simultane- 
ously. Figure 22 shows a circuit for such an application. 


-5V +5V 



Figure 22. Simultaneous Sampling A/D Con verters 


Figure 20. Nominal Transfer Characteristic for Bipolar 
( -2.5V to + 2.5V) Operation 
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The actual sampling instant which is the instant at which V IN is therefore, the sampling instant can vary from device to device, 

mea sured, occurs approximately 50ns after the falling edge of but is typically within ± 5ns. This means that a maximum common 

WR or RD in the WR-RD or RD modes, respectively, due to input sine wave of ±2.5V at 32kHz, applied to any number of 

internal logic delays. However, the internal logic delay and, AD7821s in the circuit of Figure 22, will yield a maximum 

difference between the converter outputs of typically ± 1/4LSB. 
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DEVICES 



LC 2 M0S 

High Speed 4- & 8-Channel 8-Bit ADCs 

AD7824/AD7828 


FEATURES 

4- or 8-Analog Input Channels 

Built-In Track/Hold Function 

10kHz Signal Handling on Each Channel 

Fast Microprocessor Interface 

Single + 5V Supply 

Low Power: 50mW 

Fast Conversion Rate, 2.5ps/Channel 

Tight Error Specification: 1/2LSB 


AD7824/AD7828 FUNCTIONAL BLOCK DIAGRAM 



*AD7824 - 4-CHANNEL MUX 
AD7828 - 8-CHANNEL MUX 
**A2 - AD7828 ONLY 


GENERAL DESCRIPTION 

The AD7824 and AD7828 are high-speed, multichannel, 8-bit 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.5|xs per channel and the. parts have a built-in 
track/hold function capable of digitizing full-scale signals of 
10kHz (157mV/|xs slew rate) on all channels. The AD7824 and 
AD7828 operate from a single + 5V supply and have an analog 
input range of 0 to + 5V, using an external + 5V reference. 

Microprocessor interfacing of the parts is simple, using standard 
Chip Select (CS) and Read (RD) signals to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
clock signal for the ADC. The AD7824 and AD7828 can be 
interfaced easily to most popular microprocessors. 

The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, Linear-Compatible CMOS process (LC 2 MOS) 
and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3" wide, 24-pin “skinny” DIP, while the AD7828 
is available in a 0.6" wide, 28-pin DIP and in 28-terminal surface 
mount packages. 


PRODUCT HIGHLIGHTS 

1 . 4- or 8-channel input multiplexer gives cost-effective space- 
saving multichannel ADC system. 

2. Fast conversion rate of 2.5|xs/channel features a per channel 
sampling frequency of 100kHz for the AD7824 or 50kHz for 
the AD7828. 

3. Built-in track-hold function allows handling of 4- or 8-channels 
up to 10kHz bandwidth (157mV/|xs slew rate). 

4. Tight total unadjusted error spec and channel-to-channel 
matching eliminate the need for user trims. 

5. Single +5V supply simplifies system power requirements. 

6. Fast, easy-to-use digital interface allows connection to most 
popular microprocessors with minimal external components. 
No clock signal is required for the ADC. 
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CPCrinrATinNC CV DD = -I- 5V; V REF (-»-)= -h 5V; V REF ( — ) = BHD = OV unless otherwise stated). 

Ol dull IOH I lUHO All specifications T mjn to T max unless otherwise specified. Specifications appfy for Mode 0. 


Parameter 

K Version 1 

L Version 

B, T Versions 

C, U Versions 

Units 

Conditions/Comments 

ACCURACY 







Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 2 

±1 

±1/2 

zt 1 

±1/2 

LSB max 


Minimum Resolution for which 

No Missing Codes are guaranteed 

8 

8 

8 

8 

Bits 


Channel to Channel Mismatch 

± 1/4 

±1/4 

±1/4 

±1/4 

LSB max 


REFERENCE INPUT 







Input Resistance 

1. 0/4.0 

1. 0/4.0 

1. 0/4.0 

1. 0/4.0 

kfl min/kfl max 


Vref ( + ) Input Voltage Range 

Vref (-)/ 

Vref(-)/ 

Vref(-)/ 

VrefC-V 

V min/V max 


Vref ( ~ ) Input Voltage Range 

V D D 

GND/ 

Vdd 

GND/ 

V dd 

GND/ 

Vdd 

GND/ 

Vmin/V max 



Vref( + ) 

Vref(+) 

Vref(+) 

Vref(+) 



ANALOG INPUT 







Input Voltage Range 

Vref(-)/ 

Vref( - )/ 

Vref(-)/ 

vref( - y 

V min/V max 


Input Leakage Current 

Vref( + ) 

±3 

Vref( + ) 

±3 

Vref( + ) 

±3 

Vref( + ) 

±3 

|xA max 

Analog Input Any Channel 

Input Capacitance 3 

45 

45 

45 

45 

pFtyp 

Oto +5V 

LOGIC INPUTS 

RD,CS,A0,A1&A2 

Vinh 

2.4 

2.4 

2.4 

2.4 

V min 


Vinl 

0.8 

0.8 

0.8 

0.8 

V max 


IlNH 

1 

1 

1 

1 

jxAmax 


IlNL 

-1 

-1 

-1 

-1 

jxA max 


Input Capacitance 3 

8 

8 

8 

8 

pF max 

Typically 5pF 

LOGIC OUTPUTS 

DB0-DB7&INT 

VoH 

4.0 

4.0 

4.0 

4.0 

V min 

I source = 360p,A 

V OL 

0.4 

0.4 

0.4 

0.4 

Vmax 

f sink = 1.6mA 

Iout (DB0-DB7) 

±3 

±3 

±3 

±3 

p,Amax 

Floating State Leakage 

Output Capacitance 3 

8 

8 

8 

8 

pF max 

Typically 5pF 

RDY 

VoL 4 

0.4 

0.4 

0.4 

0.4 

Vmax 

Isink = 2.6mA 

IOUT 

±3 

±3 

±3 

±3 

|x A max 

Floating State Leakage 

Output Capacitance 

8 

8 

8 

8 

pFmax 

Typically 5pF 

SLEW RATE, TRACKING 3 

0.7 

0.7 



V/p,s typ 



0.157 

0.157 



V/p,s max 


POWER SUPPLY 







Vdd 

5 

5 


5 

Volts 

± 5% for Specified 

Idd 5 

16 

16 

w I 

20 

mA max 

Performance 

CS = RD = 2.4V 

Power Dissipation 

50 

50 


50 

mW typ 


Power Supply Sensitivity 

80 

±1/4 

80 

±1/4 


100 

±1/4 

mW max 

LSB max 

±l/16LSBtyp 







V dd = 5V ±5% 


NOTES 

'Temperature Ranges are as follows: 

K, L Versions; 0 to + 70°C 
B, C Versions; - 25°C to + 85°C 
T, U Versions; - 55°C to + 125°C 

2 Total Unadjusted Error includes offset, full-scale and linearity errors. 
3 Sample tested at 25°C by Product Assurance to ensure compliance. 
4 RDY is an open drain output. 

5 See Typical Performance Characteristics. 

Specifications subject to change without notice. 
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AD7824/AD7828 


TIMING CHARACTERISTICS 1 (V DD = + 5V; V REF ( + ) = + 5V ; V REF ( - ) = GND = OV unless otherwise stated) 


Parameter 

Limit at 25°C 
(All Grades) 

Limit at 

T T 

minJ max 

(K, L, B, C Grades) 

Limit at 

T T 

A min 5 A max 

(T,U Grades) 

Units 

Conditions/Comments 

Uss 

0 

0 

0 

ns min 

CS to RD Setup Time 

l CSH 

0 

0 

0 

ns min 

CS to RD Hold Time 

Us 

0 

0 

0 

ns min 

Multiplexer Address Setup Time 

Uh 

30 

35 

40 

ns min 

Multiplexer Address Hold Time 

r RDY 2 

40 

60 

60 

ns max 

CS to RDY Delay. Pull-Up 






Resistor 5kO. 

Urd 

2.0 

2.4 

2.8 

jxs max 

Conversion Time, Mode 0 

Ucci 3 

85 

110 

120 

ns max 

Data Access Time after RD 

UCC2 3 

50 

60 

70 

ns max 

Data Access Time after INT , Mode 0 

tlNTH 2 

40 

65 

70 

nstyp 

RD to INT Delay 


75 

100 

100 

ns max 


l DH 4 

60 

70 

70 

ns max 

Data Hold Time 

U 

500 

500 

600 

ns min 

Delay Time between Conversions 

^RD 

60 

80 

80 

ns min 

Read Pulse Width, Mode 1 


600 

500 

400 

ns max 



NOTES 

'Sample tested at 25°C to ensure compliance. All input control signals are specified with tr=tf=20ns (10% to 90% of + 5V) and timed from a 
voltage level of 1.6V. 

2 C L = 50pF. 

3 Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

4 Defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


Test Circuits 


DBNO 



a. High-Z to V Q 


DBN O- 


3kH - 




DGND 


5 


TOpF 


a. V OH to High-Z 


5V 


5V 


; 3ka 


DBNO- 


: lOOpF 

Vdgnd 

b. High-Z to V OL 

Figure 1. Load Circuits for Data Access Time Test 


[3ka 


DBN a- — 

:±io P F 

Vdgnd 

b. V OL to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 
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ABSOLUTE MAXIMUM RATINGS* 

(T A = +25°C unless otherwise noted) 

Vdd OV, +7V 

Di gital Input Voltage to GND 

(RD, CS, AO, A1 & A2) - 0.3V, V DD + 0.3V 

Digital Output Voltage t o GN D 

(DBO, DB7, RDY & INT) -0.3V, V DD + 0.3V 

Vref ( + ) to GND Vref (-), V DD + 0.3V 

Vref ( ” ) to GND 0V , Vref ( + ) 

Analog Input (Any Channel) -0.3V, V DD + 0.3V 

Operating Temperature Range 

Commercial (K, L Versions) 0 to 4- 70°C 


Industrial (B, C Versions) - 25°C to + 85°C 

Extended (T, U Versions) - 55°C to + 125°C 

Storage Temperature Range . -65°Cto +150°C 

Lead Temperature (Soldering, lOsecs) . +300°C 

Power Dissipation (Any Package) to + 75°C ..... 450mW 

Derates above +7 5°C by 6mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATIONS 
DIP 


AIN 6 
AIN 5 
AIN 4 
AIN 3 
AIN 2 
AIN 1 
NC 
DBO 
DB1 
DB2 
DB3 
RD 
INT 
GND 


E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 


AD7828 
TOP VIEW 
(Not to Scale) 


IT) AIN 7 
17] AIN 8 
~26*] Vpo 
17] AO 
1 1] A1 

17] A2 
17] DB7 

17] DB6 

1o] d 

!7] d 

!7] c 

17] RDY 

17]v ref (+) 

17]v BEf (~) 


JDB5 
] DB4 


NC = NO CONNECT 


AIN 4 [T 

• 

7]voo 

AIN 3 [7 


17] NC 

AIN 2 [7 


17] A0 

AIN 1 [7 


17] A1 

NC [7 


17] DB7 

DBO [7 

AD7824 

TOP VIEW 

17] DB6 

dbi [T 

(Not to Scale) 

17] DBS 

DB2 [7 


17]dB4 

DB3 [7 


17] CS 

RD [7 


17] RDY 

iNT |77 


17]v B ef( + ) 

GND Q7 


17] v REF (-) 


NC = NO CONNECT 


LCCC 


PLCC 


1 i 1 I i I g 

< < < < < < > 

4 3 2 1 28 27 26 



B'S 3 I + 5 13 
° s s “ 


NC = NO CONNECT 


M LO <£> rv 00 

z Z Z Z Z Z g 
<<<<<<> 



ORDERING INFORMATION 1 ’ 2 


Total 

Unadjusted 

Error 

Temperature Range and Package Options 3 

Oto +70°C 

— 25°Cto +85°C 

- 55°C to + I25°C 

± 1LSB 
± 1/2LSB 

Plastic DIP (N-28) 

AD7828KN 

AD7828LN 

Hermetic 4 (Q-28) 

AD7828BQ 

AD7828CQ 

Hermetic 4 (Q-28) 

AD7828TQ 

AD7828UQ 

± 1LSB 

± 1/2LSB 

PLCC 5 (P-28A) 

AD7828KP 

AD7828LP 


LCCC 6 (E-28A) 

AD7828TE 

AD7828UE 

± 1LSB 
± 1/2LSB 

Plastic DIP (N-24) 

AD7824KN 

AD7824LN 

Hermetic 7 (Q-24) 

AD7824BQ 

AD7824CQ 

Hermetic 7 (Q-24) 

AD7824TQ 

AD7824UQ 


NOTES 

*To order MIL-STD-883, Class B processed parts, add/883B to part number. 

Contact your local sales office for military data sheet. 

2 Analog Devices reserves the right to ship either cerdip or ceramic hermetic packages. 
3 See Section 14 for package outline information. 

4 Package outline cerdip (Q-28) or ceramic (D-28). 

5 PLCC: Plastic Leaded Chip Carrier. 

6 LCCC: Leadless Ceramic Chip Carrier. 

7 Package outline cerdip (Q-24) or ceramic (D-24A). 
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Typical Performance Characteristics -AD7824/AD7828 



-100 -50 0 50 100 150 -100 -50 0 50 100 150 

T a - AMBIENT TEMPERATURE - °C T A _ AMBIENT TEMPERATURE - °C 


Conversion Time vs. Temperature Power Supply Current vs. 

Temperature (not including 
reference ladder) 



Accuracy vs. Vref Accuracy vs. tp 

[Vref = Vref( +) — Vref( ~ )J 



INPUT FREQUENCY- kHz 
ENCODE RATE = 400kHz 
INPUT SIGNAL = 5Vp-p 
MEASUREMENT BANDWIDTH = 80kHz 



T a - AMBIENT TEMPERATURE - C 


Signal-Noise Ratio vs. Input Frequency 


Output Current vs. Temperature 
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OPERATIONAL DIAGRAM 

The AD7824 is a 4-channel 8-bit A/D converter and the 
AD7828 is an 8-channel 8-bit A/D converter. Operational 
diagrams for both of these devices are shown in Figures 3 
and 4. The addition of just a +5V reference allows the devices 
to perform the analog-to-digital function. 



Figure 3. AD7824 Operational Diagram 


ANALOG INPUTS 
OTO +5V 


STATUS OUTPUT 


ANALOG INPUTS 
OTO +5V 



^P CONTROL 
INPUT 


STATUS OUTPUT 
+ 5V 


Figure 4. AD7828 Operational Diagram 


APPLYING THE AD7824/AD7828 
REFERENCE AND INPUT 

The two reference inputs on the AD7824/AD7828 are fully 
differential and define the zero to full-scale input range of the 
A/D converter. As a result, the span of the analog input voltage 
for all channels can easily be varied. By reducing the reference 
span, V R ef ( + ) - V RE f (-), to less than 5V the sensitivity of 
the converter can be increased (e.g., if Vref = 2V then 1LSB 
= 7.8mV). The input/reference arrangement also facilitates 
ratiometric operation. 

This reference flexibility also allows the input channel voltage 
span to be offset from zero. The voltage at Vref ( — ) sets the 
input level for all channels which produces a digital output of 
all zeroes. Therefore, although the analog inputs are not themselves 
differential, they have nearly differential-input capability in 
most measurement applications because of the reference design. 
Figures 5 to 7 show some of the configurations that are 
possible. 



AIN 1 

GND 

AD7824* 
v AD7828* 


V 


1 L 

Vdd 

Vref( + ) 

“To.lnF 

T47fF 


<7 

V ^ 

Vref(-) 


•ADDITIONAL PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 1 SHOWN 


Figure 5. Po wer Supply as Reference 


V|N ( + )- 
V, N (-) - 


T 


TT'pi 

^O.VF^47fjiF L 


lOjiF^I Z^To.lnF 


AIN 1 
GND 


AD7824* 
Vdd AD7828* 


Vref I + ) 
Vref ( ~ ) 


•ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 


Figure 6. External Reference Using the AD580, Full-Scale 
Input is 2.5V 


CIRCUIT INFORMATION 
BASIC DESCRIPTION 

The AD7824/AD7828 uses a half-flash conversion technique 
whereby two 4-bit flash A/D converters are used to achieve 
an 8-bit result. Each 4-bit flash ADC contains 15 comparators 
which compare the unknown input to a reference ladder to 
get a 4-bit result. For a full 8-bit reading to be realized, the 
upper 4-bit flash, the most significant (MS) flash, performs a 
conversion to provide the 4 most significant data bits. An 
internal DAC, driven by the 4MSBs, then recreates an analog 
approximation of the input voltage. This analog result is 
subtracted from the input, and the difference is converted by 
the lower flash ADC, the least significant (LS) flash, to 
provide the 4 least significant bits of the output data. 



•ADDITIONAL PINS OMITTED FOR CLARITY, 

ONLY CHANNEL 1 SHOWN 

DATA = *256 (FOR ALL CHANNELS) 


Figure 7. Input Not Referenced to GND 
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AD7824/AD7828 


INPUT CURRENT 

Due to the novel conversion techniques employed by the AD7824/ 
AD7828, the analog input behaves somewhat differently than in 
conventional devices. The ADC’s sampled-data comparators 
take varying amounts of input current depending on which 
cycle the conversion is in. 

The equivalent input circuit of the AD7824/AD7828 is shown in 
Figure 8. When a conversion starts (CS and RD going low), all 
input switches close, and the selected input channel is connected 
to the most significant and least significant comparators. Therefore, 
the analog input is connected to thirty-one lpF input capacitors 
at the same time. 



Figure 8. AD7824/AD7828 Equivalent Input Circuit 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 3k to 6k). In 
addition, about 14pF of input stray capacitance must be charged. 
The analog input for any channel can be modelled as an RC 
network as shown in Figure 9. As R s increases, it takes longer 
for the input capacitance to charge. 


source impedence of not greater than 100 ohms be connected to 
the analog inputs. The output impedence of an op-amp is equal 
to the open loop output impedence divided by the loop gain at 
the frequency of interest. It is important that the amplifier 
driving the AD7824/AD7828 analog inputs have sufficient loop 
gain at the input signal frequency as to make the output impedance 
low. 

Suitable op-amps for driving the AD7824/AD7828 are the AD544 
or AD644. 

INHERENT SAMPLE-HOLD 

A major benefit of the AD7824’s and AD7828’s analog input 
structure is its ability to measure a variety of high-speed signals 
without the help of an external sample-and-hold. In a conventional 
SAR type converter, regardless of its speed, the input must 
remain stable to at least 1/2LSB throughout the conversion 
process if rated accuracy is to be maintained. Consequently, for 
many high-speed signals, this signal must be externally sampled 
and held stationary during the conversion. The AD7824/AD7828 
input comparators, by nature of their input switching inherently 
accomplish this sample-and-hold function. Although the conver- 
sion time for AD7824/ AD7828 is 2|jls, the time for which any 
selected analog input must be 1/2LSB stable is much smaller. 
The AD7824/AD7828 tracks the selected input channel for 
approximately lp,s after conversion start. The value of the analog 
input at that instant (l|xs from conversion start) is the measured 
value. This value is then used in the least significant flash to 
generate the lower 4-bits of data. 

SINUSOIDAL INPUTS 

The AD7824/AD7828 can measure input signals with slew rates 
as high as 157mV/|xs to the rated specifications. This means that 
the analog input frequency can be up to 10kHz without the aid 
of an external sample and hold. Furthermore, the AD7828 can 
measure eight 10kHz signals without a sample and hold. The 
Nyquist criterion requires that the sampling rate be twice the 
input frequency (i.e., 2 x 10kHz). This requires an ideal anti-alias- 
ing filter with an infinite roll-off. To ease the problem of anti-alias- 
ing filter design, the sampling rate is usually much greater than 
the Nyquist criterion. The maximum sampling rate (Fma*) for 
the AD7824/AD7828 can be calculated as follows: 


Rs 

RMUX 

AIN 1 800 

Ron 

350 


D> 


- 1 - C S i 

r 

J-Cs 2 

J“2pF 

1 

j32pF 


Figure 9. RC Network Mode! 


1 

tcRD + t p 

1 

2E — 6 + 0.5E — 6 


= 400kHz 


tcRD = AD7824/AD7828 Conversion Time 
t P = Minimum Delay Between Conversion 


The time for which the input comparators track the analog 
input is approximately Ijjls at the start of conversion. Because of 
input transients on the analog inputs, it is recommended that a 


This permits a maximum sampling rate of 50kHz for each of 
the 8 channels when using the AD7828 and 100kHz for each of 
the 4 channels when using the AD7824. 
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UNIPOLAR OPERATION 

The analog input range for any channel of the AD7824/AD7828 
is 0 to 5 V as shown in the unipolar operational diagram of Figure 
10. Figure 11 shows the designed code transitions which occur 
midway between successive integer LSB values (i.e., 1/2LSB, 
3/2LSB, 5/2LSB, FS-3/2LSBs). The output code is Natural 
Binary with 1LSB = FS/256 = (5/256)V = 19.5mV. 



* ADDITIONAL PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 1 SHOWN 


Figure 10. AD7824/AD7828 Unipolar 0 to 5V Operation 


OUTPUT 

CODE FULL SCALE 



Figure 1 1. Ideal Input/Output Transfer Characteristic for 
Unipolar 0 to +5V Operation 


BIPOLAR OPERATION 

The circuit of Figure 12 is designed for bipolar operation. An 
AD544 op-amp conditions the signal input (V^) so that only 
positive voltages appear at AIN 1. The closed loop transfer 
function of the op-amp for the resistor values shown is given 
below: 

AIN 1 = (2.5 - 0.625 Vi N ) Volts 

The analog input range is ±4V and the LSB size is 31.25mV. 
The output code is complementary offset binary. The ideal 
input/output characteristic is shown in Figure 13. 


25kil 



•ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 


Figure 12. AD7824/AD7828 Bipolar ±4V Operation 



Figure 13. Ideal Input/Output Transfer Characteristic for 
±4V Operation 

TIMING AND CONTROL 

The AD7824/AD7828 has two digital inputs fo r tim ing and 
control. These are Chip Select (CS) and Read (RD). A READ 
operation brings CS and RD low which starts a conversion on 
the channel selected by the multiplexer address inputs (see 
Table I). There are two modes of operation as outlined by the 
timing diagrams of Figures 14 and 15. Mode 0 is designed for 
microprocessors which can b e dri ven into a WAIT state. A 
READ operation (i.e. , CS and RD are taken low) starts a conversion 
and data is read when conversion is complete. Mode 1 does not 
require microprocessor WAIT states. A READ operation initiates 
a conversion and reads the previous conversion results. 


AD7824 

A1 AO 

AD7828 
A2 A1 

AO 

CHANNEL 

0 0 

0 

0 

0 

AIN 1 

0 1 

0 

0 

1 

AIN 2 

1 0 

0 

1 

0 

AIN 3 

1 1 

0 

1 

1 

AIN 4 


1 

0 

0 

AIN 5 


1 

0 

1 

AIN 6 


1 

1 

0 

AIN 7 


1 

1 

1 

AIN 8 


Table I. Truth Table for Input Channel Selection 
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AD7824/AD7828 


MODEO 

Figure 14 shows the timing diagram for Mode 0 operation. This 
mode can only be used for microprocessors which have a WAIT 
state facility, whereby a READ instruction cycle can be extended 
to accommodate slow memory devices. A READ operation 

brings CS and RD low which starts a conversion. The analog 

multiplexer address inputs must remain valid while CS and RD 
are low. The data bus (DB7-DB0) remains in the three-state 
condition until conversion is complete. There are t wo c onverter 
status outputs on the AD7824/AD7828, interrupt (INT) and 
ready (RDY) which can be used to drive the microprocessor 
READY/WAIT input. The RDY is an open drain output (no 
internal pull-up device) which goes low on the falling edge of 
CS and goes high impedance at the end of conversion, when the 
8-bit conversion result appears on the data outputs. If the RDY 
status is not required, then the external pull-up resisto r can be 
omitted and the RDY output tied to GND. The INT goes low 
when co nvers ion is complete and returns high on the rising edge 
of CS or RD. 


MODE 1 

Mode 1 operation is designed for applications where the micro- 
processor is not forced into a WAIT state. A READ operation 
takes CS and RD low which triggers a conversion (see Figure 
15). Th e mu ltiplexer address inputs are latched on the rising 
edge of RD. Data from the previous conversion is read from the 
three-state data outputs (DB7-DB0). This data may be disregarded 
if not required. Note, the RDY output (open drain output) does 
not provide any status information in this mo de an d must be 
connected to GND. At the end of conversion INT goes low. A 
second READ operation is required to access the new conversion 
result. This READ operation latches a new addre ss int o the 
multiplexer inputs and starts another conversion. INT returns 
high at the end of the second READ operation, when CS or RD 
returns high. A delay of 2.5|jls must be allowed between READ 
operations. 



Figure 14. Mode 0 Timing Diagram 
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MICROPROCESSOR INTERFACING 

The AD7824/AD7828 is designed to interface to microprocessors 
as Read Only Memory (ROM). Analog channel selection, con- 
version start and data read operations are controlled by CS, RD 
and the channel address inputs. These signals are common to all 
memory peripheral devices. 


MC68000 MICROPROCESSOR 

Figure 17 shows a MC68000 interface. The AD7824/AD7828 is 
operating in Mode 0. Assume the ADC is again assigned a memory 
block starting at address C000. A MOVE instruction to any of 
the addresses in Table II starts a conversion and reads the con- 
version result. 


Z80 MICROPROCESSOR 

Figure 16 shows a typical AD7824/AD7828 - Z80 interface. 

The AD7824/AD7828 is operating in Mode 0. Assume the ADC 
is assigned a memory block starting at address C000. The following 
LOAD instruction to any of the addresses listed in Table II will 
start a conversion of the selected channel and read the conversion 
result. 

LD B, (C000) 

At the beginning of the instruction cycle when the ADC address 
is selected, RDY asserts the WAIT input, so that the Z80 is 
forced into a WAIT state. At the end of conversion RDY returns 
high and the conversion result is placed in the B register of the 
microprocessor. 



MOVE-B $C000,D0 

Once conversion has begun, the MC68000 inserts WAIT states, 
until INT goes low asserting DTACK at the end of conversion. 
The microprocessor then places the conversion results in the DO 
register. 


R/W 

MC68000 


5 V 


— ADDRESS 
DECODE 




7474 

Q CKd- 


♦LINEAR CIRCUITRY OMITTED FOR CLARITY 
**A2 IS FOR THE AD7828 ONLY 


X± 


S 


_ AO A1 A2** 


AD7824* 

AD7828* 


RDY 

DB7 


Figure 17. AD7824/AD7828- MC68000 Interface 

TMS32010 MICROCOMPUTER 

A TMS32010 interface is shown in Figure 18. The AD7824/ 
AD7828 is operating in Mode 1 (i.e., no pP WAIT states). The 
ADC is mapped at a port address. The following I/O instruction 
stans a conversion and reads the previous conversion result into 
the accumulator. 


Figure 16. AD7824/AD7828-Z80 Interface 


ADDRESS 

AD7824 

Channel 

AD7828 

Channel 

C000 

1 

1 

C001 

2 

2 

C002 

3 

3 

C003 

4 

4 

C004 

- 

5 

C005 

- 

6 

C006 

- 

7 

C007 

- 

8 


Table II. Address Channel Selection 


IN, A PA (PA = PORT ADDRESS) 

The port address (000 to 111) selects the analog channel to be 
converted. When conversion is complete a second I/O instruction 
(IN, A PA) reads the up-to-date data into the accumulator and 
starts another conversion. A delay of 2.5|xs must be allowed 
between conversions. 



Figure 18. AD7824/AD7828- TMS320 10 Interface 
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AD7824/AD7828 



BANDPASS 
FILTER 1 


SPEECH . 
INPUT 


BANDPASS 
FILTER 2 


BANDPASS 
FILTER 7 


AD7828 


Ibu 


BANDPASS 
FILTER 8 


AIN 8 

A 

V REF { + ) A 

Vref(-) GND 


Figure 19. Speech Analysis Using Real-Time Filtering 


SAMPLE 

PULSE 


Vqd 

CS 

RD 

AIN 1 



AIN 2 


Int 

AIN 3 



AIN 4 

AD7824 

DB7 



DBO 

V REF ( + ) 



Vref(-) 


A1 

GND 


AO 




WR 

VoutA 

DB7 

VoutB 


AD7226 VourC 

DBO 

Vout D 

A1 

DGND 




Figure 20. 4-Channel Fast Infinite Sample-and-Hold 
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□ ANALOG LC 2 M0S 

DEVICES Complete, 12-Bit, 100kHz, Sampling ADC 


AD7870 


FEATURES 

Complete Monolithic 12-Bit ADC with: 

2ps Track/Hold Amplifier 
8ps A/D Converter 
On-Chip Reference 
Laser-Trimmed Clock 
Parallel, Byte and Serial Digital Interface 
72dB SNR at 10kHz Input Frequency 
57ns Data Access Time 
Low Power - 60mW typ 
APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 


GENERAL DESCRIPTION 

The AD7870 is a fast, complete, 12-bit A/D converter. It con- 
sists of a track/hold amplifier, 8fis successive approximation 
ADC, 3V buried Zener reference and versatile interface logic. 
The ADC features a self-contained internal clock which is laser 
trimmed to guarantee accurate control of conversion time. No 
external clock timing components are required; the on-chip 
clock may be overridden by an external clock if required. 

The AD7870 offers a choice of three data output formats: a sin- 
gle, parallel, 12-bit word; two 8-bit bytes, or serial data. Fast 
bus access times and standard control inputs ensure easy inter- 
facing to modern microprocessors and digital signal processors. 

The AD7870 operates from ±5V power supplies, accepts bipolar 
input signals of ±3V and can convert full power signals up to 
50kHz. 

In addition to the traditional dc accuracy specifications such as 
linearity, full-scale and offset errors, the AD7870 is also fully 
specified for dynamic performance parameters including har- 
monic distortion and signal-to-noise ratio. 

The AD7870 is fabricated in Analog Devices’ linear compatible 
CMOS (LC 2 MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic or her- 
metic dual-in-line package (DIP) and in a 28-pin plastic leaded 
chip carrier (PLCC). 


AD7870 FUNCTIONAL BLOCK DIAGRAM 



INT 

PRODUCT HIGHLIGHTS 

1. Complete 12-bit ADC on a chip. 

The AD7870 is the most complete monolithic ADC available 
and combines a 12-bit ADC with internal clock, track/hold 
amplifier and reference on a single chip. 

2. Dynamic specifications for DSP users. 

The AD7870 is fully specified and tested for ac parameters, 
including signal-to-noise ratio, harmonic distortion and inter- 
modulation distortion. Key digital timing parameters are also 
tested and guaranteed over the full operating temperature 
range. 

3. Fast microprocessor interface. 

Data access times of 57ns make the AD7870 compatible with 
modern 8- and 16-bit microprocessors and digital signal 
processors. 
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^PFPIFIPATIflhK (V dd = +5V ±5%, V ss = -5V ±5%, AGND = DGND = OV, f CLK = 2.5MHz external, unless otherwise 
tUIr I OH I lUliO stated. All Specifications T min to T max unless otherwise noted.) 


Parameter 

J, A 1 

K, B 1 

L, C 1 

S 1 

T 1 

Units 

Test Conditions/Comments 

DYNAMIC PERFORMANCE 2 








Signal to Noise Ratio 3 (SNR) 








<a +25°C 

70 

70 

72 

70 

70 

dB min 

V IKr = 10kHz Sine Wave, Lampi p = 100kHz 

to 

70 

70 

71 

70 

70 

dB min 

Typically 71.5dB for 0 <V IN < 50kHz 

Total Harmonic Distortion (THD) 

-80 

-80 

-80 

-80 

-80 

dB max 

V IN = 10kHz Sine Wave, f s ample = 100kHz 
Typically -86dB for 0 <Vi N <50kHz 

Peak Harmonic or Spurious Noise 

-80 

-80 

-80 

-80 

-80 

dB max 

Vj N = 10kHz, fsAMPLE = 100kHz 

Typically -86dB for 0 <V IN < 50kHz 

Intermodulation Distortion (IMD) 








Second Order Terms 

-80 

-80 

-80 

-80 

-80 

dB max 

fa = 9kHz, fb = 9.5kHz, f SAM PLE = 50kHz 

Third Order Terms 

-80 

-80 

-80 

-80 

-80 

dB max 

fa = 9kHz, fb = 9.5kHz, f SAMPLE = 50kHz 

Track/Hold Acquisition Time 

2 

2 

2 

2 

2 

|xs max 


DC ACCURACY 








Resolution 

Minimum Resolution for which 

12 

12 

12 

12 

12 

Bits 


No Missing Codes are Guaranteed 

12 

12 

12 

12 

12 

Bits 


Integral Nonlinearity 

±1/2 

±1/2 

±1/4 

±1/2 

±1/2 

LSB typ 


Integral Nonlinearity 


1 ±l 

±1/2 


±1 

LSB max 


Differential Nonlinearity 


±1 

±1 


±1 

LSB max 


Bipolar Zero Error 

±5 

±5 

±5 

±5 

±5 

LSB max 


Positive Full Scale Error 4 

±5 

±5 

±5 

±5 

±5 

LSB max 


Negative Full Scale Error 4 

±5 

±5 

±5 

±5 

±5 

LSB max 


ANALOG INPUT 








Input Voltage Range 

±3 

±3 

±3 

±3 

±3 

Volts 


Input Current 

±500 

±500 

±500 

±500 

i+ 

o 

o 

|j,A max 


REFERENCE OUTPUT 








REF OUT (w +25°C 

2.99 

2.99 

2.99 

2.99 

2.99 

V min 



3.01 




3.01 

V max 


REF OUT Tempco 

Reference Load Sensitivity 

±60 



H 

±35 

ppm/°C max 


(AREF OUT/AI) 




■ 

±1 

mV max 

Reference Load Current Change (0-500 p,A) 
Reference Load Should Not Be Changed 

During Conversion. 

LOGIC INPUTS 








Input High Voltage, V INH 

2.4 

2.4 

2.4 

2.4 

2.4 

V min 

V dd = 5V ±5% 

Input Low Voltage, V INL 

0.8 

0.8 

0.8 

0.8 

0.8 

V max 

V dd = 5V ±5% 

Input Current, I IN 

±10 

±10 

±10 

±10 

±10 

p.A max 

V IN = ov to V DD . 

Input Current (12/8/CLK Input Only) 

±10 

±10 

±10 


±10 

|xA max 

ViN ~ Vss t0 V DD 

Input Capacitance, C IN 5 

10 

10 

10 


10 

pF max 


LOGIC OUTPUTS 








Output High Voltage, V OH 

4.0 

4.0 

4.0 


4.0 

V min 

^SOURCE =40p.A 

Output Low Voltage, V OL 

DB11-DB0 

0.4 


0.4 


0.4 

V max 

Isink - L6mA 

Floating-State Leakage Current 

±10 

±10 

±10 


±10 

jxA max 


Floating-State Output Capacitance 5 

15 

15 

15 

15 _J 

15 

pF max 


CONVERSION TIME 




ph 




External Clock (f CLK = 2.5MHz) 

7.6/8 

7.6/8 

7.6/8 


7.6/8 

p.s min/p.s max 


Internal Clock 

7/9 

7/9 

7/9 

Wi 

7/9 

ixs min/p.s max 


POWER REQUIREMENTS 








^DD 

+ 5 

+ 5 

+5 

+5 

+5 

V nom 

±5% for Specified Performance 

Vss 

-5 

-5 

-5 

-5 

-5 

V nom 

±5% for Specified Performance 

Idd 

13 

13 

13 

13 

13 

mA max 

Typically 8mA 

Iss 

6 

6 

6 

6 

6 

mA max 

Typically 4mA 

Power Dissipation 

95 

95 

95 

95 

95 

mW max 

Typically 60m W 


NOTES 

'Temperature ranges are as follows: 

J, K, L Versions: 0 to -f 70°C 
A, B, C Versions: -25°C to +85°C 
S, T Versions: -55°C to +125°C 
2 V in (pk-pk) = ±3V. 

3 SNR calculation includes distortion and noise components. 

4 Measured with respect to internal reference and includes bipolar offset error. 
5 Sample tested @ +25°C to ensure compliance. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 


:+5V ±5%, V SS = -5V ±5%, AGND = 


= 0V. See Figures 9, 10, 11 and 12.) 


Parameter 

Limit at T min , T„„ 

(J, K, L, A, B, C Versions) 

Limit at T™,, T„ 
(S, T Versions) 

Units 

Conditions/Comments 

*i 

50 

50 

ns min 

CONVST Pulse Width 

’* 2 

0 

0 

ns min 

CS to RD Setup Time (Mode 1) 

*3 

60 

75 

ns min 

RD Pulse Width 

U 

0 

0 

ns min 

CS to RD Hold Time (Mode 1) 

ts 

70 

70 

ns max 

RD to INT Delay 

c 

57 

70 

ns max 

Data Access Time after RD 


5 

5 

ns min 

Bus Relinquish Time after RD 


50 

50 

ns max 


*s 

0 

0 

ns min 

HBEN to RD Setup Time 

*9 

0 

0 

ns min 

HBEN to RD Hold Time 

*10 

100 

100 

ns min 

SSTRB to SCLK Falling Edge Setup Time 

* 11 5 

370 

370 

ns min 

SCLK Cycle Time 

t 12 6 

135 

135 

ns max 

SCLK to Valid Data Delay. C L =35pF 

tl3 

100 

100 

ns min 

SCLK Rising Edge to SSTRB 

*14 

10 

10 

ns min 

Bus Relinquish Time after SCLK 


100 

100 

ns max 


*15 

60 

60 

ns min 

CS to RD Setup Time (Mode 2) 

*16 

120 

120 

ns max 

CS to BUSY Propagation Delay 

*17 

200 

200 

ns min 

Data Setup Time Prior to BUSY 

*18 

0 

0 

ns min 

CS to RD Hold Time (Mode 2) 

*19 

0 

0 

ns min 

HBEN to CS Setup Time 

*20 

0 

0 

ns min 

HBEN to CS Hold Time 


NOTES 

’Timing specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are 
specified with tr= tf- 5ns (10% to 90% of 5V) and timed from a volta ge level o f 1.6V. 

2 Serial timing is measured with a 4.7kO pull-up resistor on SDATA and SSTRB and a 2kll pull-up on SCLK. The capacitance on all three outputs is 35pF. 

3 t 6 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

4 t 7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

5 SCLK mark/space ratio (measured from a voltage level of 1.6V) is 40/60 to 60/40. 

6 SDATA will drive higher capacitive loads but this will add to t, 2 since it increases the external RC time constant (4.7kiI||C L ) and hence the time to 
reach 2.4V. +5V 

Specifications subject to change without notice. Y 

ABSOLUTE MAXIMUM RATINGS* I 5 

V DD to AGND -0.3V to +7V dbn • • dbn o — 

V ss to AGND +0.3V to -7V > I 

AGND to DGND -0.3V to V DD +0.3V Ssekii 5 o P F dz . 

V IN to AGND -15V to + 15V I I 

REF OUT to AGND 0V to V DD V DGND V dgnd V 

Digital Inputs to DGND -0.3V to V DD +0.3V 

Digital Outputs to DGND -0.3V to V DD +0.3V a ' Hl 9h-ZtoV OH b. High-Z to V OL 

Operating Temperature Range Figure 7. Load Circuits for Access Time 

Commercial (J, K, L Versions) 0 to +70°C 

Industrial (A, B, C Versions) -25°C to +85°C 

Extended (S, T Versions) -55°C to + 125°C X 

Storage Temperature Range -65°C to + 150°C > 

Lead Temperature (Soldering, lOsec) +300°C dbn • * dbn o- 

Power Dissipation (Any Package) to +75°C 450mW l | 

Derates above +75°C by 10mW/°C S 3kSi y 10 p f y 

*Stresses above those listed under “Absolute Maximum Ratings” may cause c-*y 

permanent damage to the device. This is a stress rating only and functional VdGNDV DGNDn/ 

operation of the device at these or any other conditions above those listed in 

the operational sections of this specification is not implied. Exposure a ‘ ^ OH to High-Z b. Vol toHigh- 

1“ — radng C ° nditi0nS ^ CXtended Peri ° dS ^ affCCt Figure 2. Load Circuits for Output Float Dela 

CAUTION: 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


a. Vqh to High-Z b. V OL to High-Z 

Figure 2. L oad Circuits for Output Float Delay 


WARNING! 


ESD SENSITIVE DEVICE 
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PIN CONFIGURATIONS 


DIP 


RD 

BUSY/iNT 

CLK 

OB11/HBEN 

DB10/SSTRB 

DB9/SCLK 

DB8/SDATA 

DB7/LOW 

DB6/LOW 

DB5/LOW 

DB4/LOW 

DGND 


E • 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


cs 

CONVST 

12/8/CLK 

Vss 

V|N 

REF OUT 
AGND 

Voo 

DB0/DB8 

DB1/DB9 

DB2/DB10 

DB3/DB11 


PLCC 


3 Is ii i is II 1 

mmmmRRR 


DB11/HBEN fT 
DB10/SSTRB [T 
DB9/SCLK [T 
NC [T 
DB8/SDATA [T 
DB7/LOW [jo 
DBG/LOW flT 


LillHllidNliilLiibfJ 


NC = NO CONNECT a o 


ORDERING INFORMATION 1 




Temperature Range and Package Options 2 

SNR (dBs) 

Relative 

Accuracy (LSB) 

0 to +70°C 

— 25°C to 
+85°C 

— 55°C to 
+ 125°C 

70 min 

70 min 

72 min 

± 1/2 typ 
±1 max 
± 1/2 max 

Plastic DIP 

(N-24) 

AD7870JN 

AD7870KN 

AD7870LN 

Hermetic DIP 
(Q-24) 

AD7870AQ 

AD7870BQ 

AD7870CQ 

Hermetic DIP 
(Q-24) 

AD7870SQ 3 

AD7870TQ 3 

70 min 

70 min 

72 min 

± 1/2 typ 
±1 max 
± 1/2 max 

PLCC 4 ’ 5 

(P-28A) 

AD7870JP 

AD7870KP 

AD7870LP 




NOTES 

To order MIL-STD-883, Class B processed parts, add /883B to part number. Contact your local 
sales office for military data sheet. 

2 See Section 14 for package outline information. 

Available to /883B processing only. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 Contact your local sales office for LCCC availability. 
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AD7870 


PIN FUNCTION DESCRIPTION 


DIP 

Pin Pin 

No. Mnemonic Function 

1 RD Read. Active low logic input. This input is used in conjunction with CS low to enable the data outputs. 

With CONVST tied low, a new conversion is initiated when CS goes low. 

2 BUSY/INT Busy/Interrupt, Active low logic output indicating converter status. See timing diagrams. 

3 CLK Clock input. An external TTL-compatible clock may be applied to this input pin. Alternatively, tying this 

pin to V ss enables the internal laser-trimmed clock oscillator. 

4 DB11/HBEN Data Bit 11 (MSB)/High Byte Enable. The function of this pin is dependent on the state of the 12/8/CLK 

input (see below). When 12-bit parallel data is selected, this pin provides the DB11 output. When byte 
data is selected, this pin becomes the HBEN logic input. HBEN is used for 8-bit bus interfacing. When 
HBEN is low, DB7/LOW to DB0/DB8 become DB7 to DBO. With HBEN high, DB7/LOW to 
DB0/DB8 are used for the upper byte of data (see Table I). 

5 DB10/SSTRB Data Bit 10/Serial Strobe. When 12-bit parallel data is selected, this pin provides the DB10 output. 

SSTRB is an active low open-drain output that provides a strobe or framing pulse for serial data. An ex- 
ternal 4.7kfl pull-up resistor is required on SSTRB. 

6 DB9/SCLK Data Bit 9/Serial Clock. When 12-bit parallel data is selected, this pin provides the DB9 output. SCLK is 

the gated serial clock output derived from the internal or external ADC clock. If the 12/8/CLK input is at 
-5V, then SCLK runs continuously. If 12/8/CLK is at OV, then SCLK is gated off after serial transmis- 
sion is complete. SCLK is an open-drain output and requires an external 2kfl pull-up resistor. 

7 DB8/SDATA Data Bit 8/Serial Data. When 12-bit parallel data is selected, this pin provides the DB8 output. SDATA 

is an open-drain serial data output which is use d with S CLK and SSTRB for serial data transfer. Serial 

data is valid on the falling edge of SCLK while SSTRB is low. An external 4.7kfl pull-up resistor is re- 
quired on SDATA. 

8-11 DB7/LOW- Three-state data outputs which are controlled by CS and RD. Their function depends on the 12/8/CLK 

DB4/LOW and HBEN inputs. With 12/8/CLK high, they are always DB7-DB4. With 12/8/CLK low or -5V, their 
function is controlled by HBEN (see Table I). 

12 DGND Digital Ground. Ground reference for digital circuitry. 


13-16 DB3/DB11- Three-state data outputs which are controlled by CS and RD. Their function depends on the 12/8/CLK 

DB0/DB8 and HBEN inputs. With/12/8/CLK high, they are always DB3-DB0. With 12/8/CLK low or -5V, their 

function is controlled by HBEN (see Table I). 


HBEN 

DB7/LOW 

DB6/LOW 

DB5/LOW 

DB4/LOW 

DB3/DB1 1 

DB2/DB10 

DB1/DB9 

DB0/DB8 

HIGH 

LOW 

LOW 

LOW 

LOW 

DB11 (MSB) 

DB10 

DB9 

DB8 

LOW 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 


Table I. Output Data for Byte Interfacing 


17 V DD Positive Supply, +5V ±5%. 

18 AGND Analog Ground. Ground reference for track/hold, reference and DAC. 

19 REF OUT Voltage Reference Output. The internal 3V reference is provided at this pin. The external load capability 

is 500 (jlA. 

20 V IN Analog Input. The analog input range is ±3V. 

21 V ss Negative Supply, -5V ±5%. 

22 12/8/CLK Three Function Input. Defines the data format and serial clock format. With this pin at +5V, the output 

data format is 12-bit parallel only. With this pin at 0V, either byte or serial data is available and SCLK is 
not continuous. With this pin at — 5V, byte or serial data is again available but SCLK is now continuous. 

23 CONVST Convert Start. A low to high transition on this input puts the track/hold into its hold mode and starts 

conversion. This input is asynchronous to the CLK and independent of CS and RD. 

24 CS Chip Select. Active low logic input. The device is selected when this input is active. 
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CONVERTER DETAILS 

The AD7870 is a complete 12-bit A/D converter, requiring no 
external components apart from power supply decoupling capac- 
itors. It is comprised of a 12-bit successive approximation ADC 
based on a fast settling voltage-output DAC, a high speed com- 
parator and SAR, a track/hold amplifier, a 3V buried Zener ref- 
erence, a clock oscillator and control logic. 

The conversion cycle normally consists of 19 clock periods, cor- 
responding to a 7.6|xs conversion time. The conversion time for 
both external and internal clock can vary from 19 to 20 clock 
cycles depending on the conversion start to ADC clock synchro- 
nization. If a conversion is initiated within 30ns prior to a rising 
edge of the ADC clock, the conversion time will consist of 20 
clock cycles i.e., 8jjls conversion time. 

INTERNAL REFERENCE 

The AD7870 has an on-chip temperature compensated buried 
Zener reference which is factory trimmed to 3V ±10mV. Inter- 
nally it provides both the DAC reference and the dc bias re- 
quired for bipolar operation. The reference output is available 
(RKF OUT) and is capable of providing up to 500fxA to an 
external load. 

The maximum recommended capacitance on REF OUT for nor- 
mal operation is 50pF. If the reference is required for use exter- 
nal to the AD7870 it should be decoupled with a 2000 resistor 
in series with a parallel combination of a 10|jiF tantalum capaci- 
tor and a 0.1 |xF ceramic capacitor. These decoupling compo- 
nents are required to remove voltage spikes caused by the 
AD7870’s internal operation. 



REF OUT 


Figure 3. AD7870 Reference Circuit 

TRACK-AND-HOLD AMPLIFIER 

The track-and-hold amplifier on the analog input of the AD7870 
allows the ADC to accurately convert an input sine wave of 6V 
peak- peak amplitude to 12-bit accuracy. The input bandwidth 
of the track/hold amplifier is much greater than the Nyquist rate 
of the ADC even when the ADC is operated at its maximum 
throughput rate. The 0.1 dB cutoff frequency occurs typically at 
500kHz. The track/hold amplifier acquires an input signal to 
12-bit accuracy in less than 2|xs. The overall throughput rate is 
equal to the conversion time plus the track/hold amplifier acqui- 
sition time. For a 2.5MHz input clock the throughput rate is 
10|xs max. 

The operation of the track/hold is essentially transparent to the 
user. The track/hold amplifier goes from its tracking m ode to its 
hold mode at the start of conversion. If the CON VST input is 
used to start conversi on then th e track to hold transition occurs 
on the rising edge of CON VST. If CS starts conversion, this 
transition occurs on the falling edge of CS. 



Figure 4. AD7870 Analog Input 
ANALOG INPUT 

Figure 4 shows the AD7870 analog input. The analog input 
range is ±3V into an input resistance of typically 15kfl. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 1/2LSB, 3/2LSBs, 5/2LSBs . . . 
FS-3/2LSBs). The output code is 2s complement binary with 
lLSB = FS/4096 = 6V/4096= 1.46mV. The ideal input/output 
transfer function is shown in Figure 5. 

OUTPUT 

CODE 


011 . . . 111 

011 . . . 110 

000 . . . 010 
000 .. . 001 
000 .. . 000 
111 . . . Ill 
111 . . . 110 

100 . . . 001 
100 . . . 000 



Figure 5. Bipolar Input/Output Transfer Function 

BIPOLAR OFFSET AND FULL SCALE ADJUSTMENT 

In most digital signal processing (DSP) applications, offset and 
full-scale errors have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications will require that the input 
signal span the full analog input dynamic range. In such applica- 
tions, offset and full-scale error will have to be adjusted to zero. 

Where adjustment is required, offset error must be adjusted be- 
fore full-scale error. This is achieved by trimming the offset of 
the op amp driving the analog input of the AD7870 while the 
input voltage is 1/2LSB below ground. The trim procedure is as 
follows: apply a voltage of -0.73mV(- 1/2LSB) at Vj in Figure 
6 and adjust the op amp offset voltage until the ADC output 
code flickers between 1111 1111 1111 and 0000 0000 0000. Gain 
error can be adjusted at either the first code transition (ADC 
negative full scale) or the last code transition (ADC positive full 
scale). The trim procedures for both cases are as follows (see 
Figure 6). 
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Figure 6. AD7870 Full-Scale Adjust Circuit 
Positive Full-Scale Adjust 

Apply a voltage of 2.9978V (FS/2 - 3/2LSBs) at Vj. Adjust R2 
until the ADC output code flickers between 0111 1111 1110 and 
0111 1111 1111. 

Negative Full-Scale Adjust 

Apply a voltage of -2.9993V (-FS/2 +1/2LSB) at Vj and 
adjust R2 until the ADC output code flickers between 
1000 0000 0000 and 1000 0000 0001. 

UNIPOLAR OPERATION 

A typical unipolar circuit is shown in Figure 7. The AD7870 
REF OUT is used to offset the analog input by 3V. The analog 
input range is determined by the ratio of R3 to R4. The mini- 
mum range with which the circuit will work is 0 to +3V 
(R3 = 0, R4 = 0/C). The resistor values are given in Figure 7 for 
input ranges of 0 to +5V and 0 to + 10V. R5 and R6 are in- 
cluded for offset and full scale adjust only and should be omit- 
ted if adjustment is not required. 

R3 

lOkil (9.1kil) 



Figure 7. AD7870 Unipolar Circuit 

The ideal input/output transfer function is shown in Figure 8. 
The output can be converted to natural binary by inverting the 
MSB. 


Figure 8. Unipolar Transfer Function 

UNIPOLAR OFFSET AND FULL-SCALE ADJUSTMENT 

When absolute accuracy is required, offset and full-scale error 
can be adjusted to zero. Offset must be adjusted before full 
scale. This is achieved by applying an input voltage of (1/2LSB) 
to Vj and adjust R6 until the ADC output code flickers between 
1000 0000 0000 and 1000 0000 0001. For full-scale adjustment 
apply an input voltage of (FS-3/2LSBs) to Vj and adjust R5 
until the output code flickers between 0111 1111 1110 and 0111 
1111 1111. 

TIMING AND CONTROL 

The AD7870 is capable of two basic operating modes. In the 
first mode (Mode 1), the CON VST line is used to start conver- 
sion and drive the track/hold into its hold mode. At the end of 
conversion the track/hold returns to its tracking mode. It is in- 
tended principally for digital signal processing and other applica- 
tions where precise sampling in time is required. In these appli- 
cations, it is important that the signal sampling occurs at exactly 
equal intervals to minimize errors due to sampling uncertainty 
or jitter. For these cases, the CON VST line is driven by a timer 
or some precise clock source. 

The second mode is achieved by hard- wiring the CON VST line 
low. This mode (Mode 2) is intended for use in systems where 
the microprocessor has total control of the ADC, both initiating 
the conversion and reading the data. CS starts conversion and 
the microprocessor will normally be driven in to a WAIT state 
for the duration of conversion by BUSY/INT. 

DATA OUTPUT FORMATS 

In addition to the two operating modes, the AD7870 also offers 
a choice of three data output formats, one serial and two paral- 
lel. The parallel data formats are a single, 12-bit parallel word 
for 16-bit data buses and a two- byte format for 8-bit data buses. 
The data format is controlled by the 12/8 /CLK input. A logic 
high on this pin selects the 12-bit parallel output format only. A 
logic low or -5V applied to this pin allows the user access to 
either serial or byte formatted data. Three of the pins previously 
assigned to the four MSBs in parallel form are now used for se- 
rial communications while the fourth pin becomes a control in- 
put for the byte-formatted data. The three possible data output 
formats can be selected in either of the modes of operation. 
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Parallel Output Format 

The two parallel formats available on the AD7870 are a 12-bit 
wide data word and a two-byte data word. In the first, all 12 
bits of data are available at the same time on DB11 (MSB) 
through DBO (LSB). In the second, two reads are required to 
access the data. When this data format is selected, the 
DB11/HBEN pin assumes the HBEN function. HBEN selects 
which byte of data is to be read from the AD7870. When 
HBEN is low, the lower 8 bits of data are placed on the data 
bus during a read operation; with HBEN high, the upper 4 bits 
of the 12-bit word are placed on the data bus. These 4 bits are 
right justified and thereby occupy the lower nibble of data while 
the upper nibble contains four zeros. 

Serial Output Format 

Serial data is available on the AD7870 whe n the 12 /8/CLK input 
is at OV or -5V and in this case the DB10/SSTRB, DB9/SCLK 
and DB8/SDATA pins assume their serial functions. Serial data 
is available during conversion with a word length of 16 bits; 
four leading zeros, followed by the 12-bit conversion result start- 
ing with the MSB. The data is synchronized to the serial clock 
output (SCLK) and is framed by the serial strobe (SSTRB). 

Data is clocked out on a low to high transition of the serial 
clock an d is valid on t he falling edge of this clock while the 
SSTRB o utput is lo w. SSTRB goes low within three clock cy- 
cles after CON VST, and the first serial data bit (which is the 
first leading zero) is valid on the first falling edge of SCLK. All 
three serial lines are open-drain outputs and require external 
pull-up resistors. 

The serial clock out is derived from the ADC clock source 
which may be internal or external. Normally, SCLK is required 
during the serial transmission only. In these cases, it can be shut 
down at the end of conversion to allow multiple ADCs to share 
a common serial bus. However, some serial systems (e.g., 
TMS32020) require a serial clock which runs continuously. Both 
options are available on the AD7870 using the 12/8/CLK input. 
With this input _at -5V, the serial clock (SCLK) runs continu- 
ously; when 12/8/CLK is at OV, SCLK is turned off at the end 
of transmission. 


MODE 1 INTERFACE 

Conversion is initiated by a lo w going pu lse on the CON VST 
input. The rising edge of this CON VST pulse starts conversion 
and drives the track/hold amplifier into its hold mode. The 
BUSY/ INT status output assumes its INT function in this 
mode. IN T is n ormally high and goes low at the end of conver- 
sion. This INT line can be used to interrupt the microprocessor. 
A read operation to the AD7870 accesses the data and the INT 
line is reset high on the falling edge of CS and RD. The 
CON VST input must be high when CS and RD are brought 
low for the AD7870 to operate correctly in this mode. Trying to 
read parallel data during a conversion can cause errors to the 
conversion in progress. In applications where precise sampling is 
not critica l, th e CON VST pulse can be generated from a micro- 
processor WR line OR-gated with a decoded address. 

Figure 9 shows the Mode 1 timing diagram for a 12-bit parallel 
data output format (12/8/CLK = +5V). A read to the AD7870 at 
the end of conversion accesses all 12 bits of data at the same 
time. Serial data is not available for this data output format. 



DB11-DB0 


Figure 9. Mode 1 Timing Diagram, 12-Bit Parallel Read 



SERIAL DATA 


NOTES 

’TIMES t 2 , t 3 , t„, t 8 , and t 9 ARE THE SAME FOR A HIGH BYTE READ "EXTERNAL 2kJl PULL-UP RESISTOR 
AS FOR A LOW BYTE READ. CONTINUOUS SCLK (DASHED LINE) WHEN 12/8/CLK = -5V 

"EXTERNAL 4.7kil PULL-UP RESISTOR. NONCONTINUOUS WHEN 12/8/CLK=0V. 


Figure 10. Mode 1 Timing Diagram, Byte or Serial Read 
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The Mode 1 timing diagram for byte and serial data is shown in 
Figure 10. INT goes low at the end of conversion and is reset 
high by the first falling edge of CS and RD. This first read at 
the end of conversion can either access the low byte or high byte 
of data depending on the status of HBEN (Figure 10 shows low 
byte only for example). The diagram shows both a noncontinu- 
ously and a continuously running clock (dashed line). 

MODE 2 INTERFACE 

The second interface mode is achieved by hard wiring CON VST 
low and conversion is initiated by taking CS low while HBEN is 
low. The track/hold amplifier goes into the hold mode on the 
fall ing edg e of CS. In this mode, the BUSY/INT pin assumes 
its BUSY function. BUSY goes low at the start of conversion, 
stays low during the conversion and returns high when the con- 
version is complete. It is normally used in parallel interfaces to 
drive the microprocessor into a WAIT state for the duration of 
conversion. 

Figure 11 shows the Mode 2 timing diagram for the 12-bit 
parallel data output format (12/8/CLK= + 5V). In this case, the 
ADC behaves like slow memory. The major advantage of this 
interface is that it allows the microprocessor to start conversion, 
WAIT and then read data with a single READ instruction. The 





Figure 1 1. Mode 2 Timing Diagram, 12-Bit Parallel Read 


user does not have to worry about servicing interrupts or ensur- 
ing that software delays are long enough to avoid reading during 
conversion. 

The Mode 2 timing diagram for byte and serial data is shown in 
Figure 12. For two-byte data read, the lower byte (DB0-DB7) 
has to be accessed first since HBEN must be low to start con- 
version. The ADC behaves like slow memory for this first read, 
but the second read to access the upper byte of data is a normal 
read. Operation of the serial functions is identical between Mode 
1 and Mode 2. The timing diagram of Figure 12 shows both a 
noncontinuously and a continuously running SCLK (dashed 
line). 

AD7870 DYNAMIC SPECIFICATIONS 

The AD7870 is specified and 100% tested for dynamic perform- 
ance specifications as well as traditional dc specifications such as 
integral and differential nonlinearity. These ac specifications are 
required for signal processing applications such as speech recog- 
nition, spectrum analysis and high speed modems. These appli- 
cations require information on the ADC’s effect on the spectral 
content of the input signal. Hence, the parameters for which the 
AD7870 is specified include SNR, harmonic dsistortion, inter- 
modulation distortion and peak harmonics. These terms are dis- 
cussed in more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 

Noise is the rms sum of all the nonfundamental signals up to 
half the sampling frequency (FS/2) excluding dc. SNR is depen- 
dent upon the number of quantization levels used in the digiti- 
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to noise ratio for a sine wave input 
is given by 

SNR = (6.02N + 1.76) dB (1) 

where N is the number of bits. Thus for an ideal 12-bit con- 
verter, SNR =74dB. 
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NOTES 

’TIMES t, 5 , t„, and t 20 ARE THE SAME FOR A HIGH BYTE READ ’EXTERNAL 2kll PULL-UP RESISTOR 
AS FOR A LOW BYTE READ. CONTINUOUS SCLK (DASHED_LINE) WHEN 12/8/CLK = -5V 

’EXTERNAL 4.7kil PULL-UP RESISTOR. NONCONTINUOUS WHEN 12/8/CLK = 0V. 


Figure 12. Mode 2 Timing Diagram, Byte or Serial Read 
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The output spectrum from the ADC is evaluated by applying a 
sine-wave signal of very low distortion to the V IN input which is 
sampled at a 100kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be ob- 
tained. Figure 13 shows a typical 2048 point FFT plot of the 
AD7870KN with an input signal of 25kHz and a sampling fre- 
quency of 100kHz. The SNR obtained from this graph is 
72.6dB. It should be noted that the harmonics are taken into 
account when calculating the SNR. 



Figure 13. AD7870 FFT Plot 
Effective Number of Bits 

The formula given in (1) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). 


N = 


SNR- 1.76 

6.02 


(2) 


The effective number of bits for a device can be calculated di- 
rectly from its measured SNR. 

Figure 14 shows a typical plot of effective number of bits versus 
frequency for an AD7870KN with a sampling frequency of 
100kHz. The effective number of bits typically falls between 
11.7 and 11.85 corresponding to SNR figures of 72.2 and 
73.1dB. 



Figure 14. Effective Number of Bits vs. Frequency 


Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7870, total harmonic distortion 
(THD) is defined as 


THD = 20 log 


VW+v7+v7+W+v? 

v, 


where V x is the rms amplitude of the fundamental and V 2 , V 3 , 
V 4 , V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonic. The THD is also derived from the FFT plot of 
the ADC output spectrum. 


Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa± nfb where 
m,n = 0, 1,2,3, etc. Intermodulation terms are those for which 
neither m or n are equal to zero. For example, the second order 
terms include (fa + fb) and (fa - fb) while the third order terms 
include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa - 2fb). 

Using the CCIF standard where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order terms 
are usually distanced in frequency from the original sine waves 
while the third order terms are usually at a frequency close to 
the input frequencies. As a result, the second and third order 
terms are specified separately. The calculation of the intermodu- 
lation distortion is as per the THD specification where it is the 
ratio of the rms sum of the individual distortion products to the 
rms amplitude of the fundamental expressed in dBs. In this 
case, the input consists of two, equal amplitude, low distortion 
sine waves. Figure 15 shows a typical IMD plot for the 
AD7870. 



FREQUENCY - kHz 


Figure 15. AD7870 IMD Plot 
Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to FS/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
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determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the peak 
will be a noise peak. 

AC Linearity Plot 

When a sine wave of specified frequency is applied to the V IN 
input of the AD7870 and several million samples are taken, a 
histogram showing the frequency of occurrence of each of the 
4096 ADC codes can be generated. From this histogram data it 
is possible to generate an ac integral linearity plot as shown in 
Figure 16. This shows very good integral linearity performance 
from the AD7870 at an input frequency of 25kHz. The absence 
of large spikes in the plot shows good differential linearity. Sim- 
plified versions of the formulae used are outlined below. 


INL(i) = 


V[i) - V{o) 
V(fs I - V(o) 



— i 


where INL(i) is the integral linearity at code i. V(fs) and V(o) 
are the estimated full scale and offset transitions and V(i) is the 
estimated transition for the i th code. 

V(i) the estimated code transition point is derived as follows: 


Fit) 


-A ■ Cos 


[tt • cum[i )] 
N 


D = Data Memory Address 
ADC = AD7870 Address 

Some applications may require that conversions be initiated by 
the microprocessor rat her than an external timer. One option is 
to decode the AD7870 CONVST from the address bus so that a 
write operation to the ADC starts a conversion. Data is read at 
the end of conversion as described earlier. Note, a read opera- 
tion must not be attempted during conversion. 



where A is the peak signal amplitude, 

N is the number of histogram samples 

and cum(i) = £* V(n ) occurrences 

n = 0 



-0.5 | I 

Figure 16. AD7870aclNLPIot 
MICROPROCESSOR INTERFACE 

The AD7870 has a wide variety of interfacing options. It offers 
two operating modes and three data-output formats. Fast data 
access times allow direct interfacing to most microprocessors 
including the DSP processors. 

Parallel Read Interfacing 

Figures 17 to 19 show interfaces to the ADSP-2100, TMS32010 
and the TMS32020 DSP processors. The AD7870 is operating 
in Mode 1, parallel read for all three interfaces. An external 
timer controls conversion start asynchronously to the micropro- 
cessor. At the end of each conversion the ADC BUSY/INT 
interrupts the microprocessor. The conversion result is read 
from the ADC with the following instruction: 

ADSP-2100: MRO = DM(ADC) 

TMS32010: IN D,ADC 
TMS32020: IN D,ADC 
MRO = ADSP-2100 MRO Register 


Figure 17. AD7870-ADSP-2100 Parallel Interface 



Figure 18. AD7870-TMS32010 Interface 



Figure 19. AD7870-TMS32020 Interface 
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Two Byte Read Interfacing 

AD7870-68008 Interface 

Figure 20 shows an 8-bit bus interface for the_MC68008 micro- 
processor. For this interface, the AD7870 12/8/CLK input is 
tied to 0V and DB11/HBEN pin is driven from the microproces- 
sor least significant address bit. Conversion start control is pro- 
vided by the microprocessor. In this interface example, a Move 
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HB 

HBEN 

CS 

AD7870* 

bUsy/int 

RD 
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DB7 

DBO 
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SI 
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D7 

DO 

cX 1 

5 

1 1 

DA 

•ADDITIONAL PINS OMITTED F( 

TA BUS \ 


**R, C REQUIRED TO GUARANTEE t 15 

Figure 20. AD7870-MC68008 Byte Interface 

instruction from the ADC address both starts a conversion and 
reads the conversion result. 

MOVEW ADC, DO 
ADC = AD7870 address 
DO = 68008 DO register 

This is a two byte read instruction. During the first read opera- 
tion, BUSY in conjunction with CS forces the microprocessor to 
WAIT for the AD7870 conversion. At the end of conversion the 
ADC low byte (DB7-DB0) is loaded into D15-D8 of the DO 
register and the ADC high byte (DB15-DB7) is loaded into 
D7-D0 of the DO register. The following Rotate instruction 
to the DO register swops the high and low bytes to the correct 
format. 

ROL = 8, DO. 

Note, while executing the two byte read instruction above, 
WAIT states are inserted during the first read operation only 
and not for the second. 

Serial Interfacing 

Figures 21 to 24 show the AD7870 configured for serial interfac- 
ing. In all fo"r interfaces, the AD7870 is configured for Mode 1 
operation. The interfaces show a timer driving the CON VST 
input, but this could be generated from a decoded address if 
required. 

AD7870 - DSP 56000 Serial Interface 

Figure 21 shows a serial interface between the AD7870 and the 
DSP56000. The interface arrangement is two-wire with the 
AD7870 configured for noncontinuous clock operation 
(12/8/CLK =0V). The DSP56000 is configured for normal 
mode synchronous operation with gated clock. It is also set up 
for a 16-bit word with SCK and SC2 as inputs and the FSL 
control bit set to a 0. In this configuration, the DSP56000 
assumes valid data on the first falling edge of SCK. Since the 
AD7870 provides valid data on this first edge, there is no need 
for a strobe or framing pulse for the data. SCLK and SDATA 


are gated off when the AD7870 is not performing a conversion. 
During conversion, data is valid on the SDATA output of the 
AD7870 and is clocked into the receive data shift register of the 
DSP56000. When this register has received 16 bits of data, it 
generates an internal interrupt on the DSP56000 to read the 
data from the register. 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 21. AD7870-DSP56000 Serial Interface 

The DSP56000 and AD7870 can also be configured for continu- 
ous clock operation (12/8/CLK = -5V). In this case, a strobe 
pulse is re quired b y the DSP56000 to indicate when data is 
valid. The SSTRB output of the AD7870 is inverted and 
applied to the SC2 input of the DSP56000 to provide this strobe 
pulse. All other conditions and connections are the same as for 
gated clock operation. 

AD7870-NEC7720/77230 Serial Interface 
A serial interface between the AD7870 and the NEC7720 is 
shown in Figure 22. In the interface shown, the AD7870 is con- 
figured for continuous clock operation. This jean be changed to a 
noncontinuous clock by simply tying the 12/8/CLK input of the 
AD7870 to 0V with all other connections remaining the same. 
The NEC7720 expects valid data on the rising edge of its SCK 
input and therefore an inverter is required on the SCLK output 
of the AD7870. The NEC7720 is configured for a 16-bit data 
word. Once the 16 bits of data have been received by the SI reg- 
ister of the NEC7720, an internal interrupt is generated to read 
the contents of the SI register. 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 22. AD7870-NEC7720 Serial Interface 

The NEC77230 interface is similar to that just outlined for the 
NEC7720. However, the clock input of the NEC77230 is 
SICLK. Additionally, no inverter is required between the 
AD7870 SCLK output and this SICLK input since the 
NEC77230 assumes data is valid on the falling edge of SICLK. 

AD7 87 0-TMS 32020 Serial Interface 

Figure 23 shows a serial interface between the AD7870 and the 
TMS32020. The AD7870 is configured for continuous clock 
operation. Note, the AD7870 will not interface correctly to the 
TMS32020 if the AD7870 is configured for a noncontinuous 
clock. Data is clocked into the data receive register (DRR) of 
the TM S3 2020 during conversion. As with the previous inter- 
faces, when a 16-bit word is received by the TMS 32020 it gener- 
ates an internal interrupt to read the data from the DRR. 
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Figure 23. AD7870-TMS32020 Serial Interface 

AD7870-ADSP-2101/ADSP-2102 Serial Interface 
Figure 24 shows a serial interface between the AD7870 and the 
ADSP-2101/ADSP-2102. The AD7870 is configured for continu- 
ous clock operation. Data is clocked into the serial port register 
of the ADSP-2101/ADSP-2102 during conversion. As with the 
previous interfaces, when a 16-bit data word is received by the 
ADSP-2101/ADSP-2102 an internal microprocessor interrupt is 
generated and the data is read from the serial port register. 
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Figure 24. AD7870-ADSP-2101/ADSP-2102 Serial Interface 

STAND-ALONE OPERATION 

The AD7870 can be used in its Mode 2, parallel interface mode 
for stand-alone operation. In this case, conversion is inititated 
with a pulse to the AD7870 CS input. This pulse must be 
longer than the conversion time of the ADC. The BUSY output 
is used to drive the RD input. Data is latched from the AD7870 
DBO-DB 1 1 outputs to an external latch on the rising edge of 
BUSY. 

APPLICATION HINTS 

Good printed circuit board (PCB) layout is as important as the 
overall circuit design itself in achieving high speed A/D perfor- 
mance. The AD7870 is required to make bit decisions on an 
LSB size of 1.465mV. Thus, the designer has to be conscious of 
noise both in the ADC itself and in the preceding analog cir- 
cuitry. Switching mode power supplies are not recommended as 
the switching spikes will feed through to the comparator causing 
noisy code transitions. Other causes of concern are ground loops 
and digital feedthrough from microprocessors. These are factors 
which influence any ADC, and a proper PCB layout which min- 
imizes these effects is essential for best performance. 

LAYOUT HINTS 

Ensure that the layout for the printed circuit board has the digi- 
tal and analog signal lines separated as much as possible. Take 
care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 


Establish a single point analog ground (star ground) separate 
from the logic system ground at the AD7870 AGND pin or as 
close as possible to the AD7870. Connect all other grounds and 
the AD7870 DGND to this single analog ground point. Do not 
connect any other digital grounds to this analog ground point. 

Low impedance analog and digital power supply common re- 
turns are essential to low noise operation of the ADC, so make 
the foil width for these tracks as wide as possible. The use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. The circuit layout of Fig- 
ures 29 and 30 have both analog and digital ground planes 
which are kept separated and only joined together at the 
AD7870 AGND pin. 

NOISE 

Keep the input signal leads to V IN and signal return leads from 
AGND as short as possible to minimize input noise coupling. In 
applications where this is not possible, use a shielded cable be- 
tween the source and the ADC. Reduce the ground circuit im- 
pedance as much as possible since any potential difference in 
grounds between the signal source and the ADC appears as an 
error voltage in series with the input signal. 

DATA ACQUISITION BOARD 

Figure 27 shows the AD7870 in a data acquisition circuit. The 
corresponding printed circuit board (PCB) layout and silkscreen 
are shown in Figures 28 to 30. The board layout has three inter- 
face ports: one serial and two parallel. One of the parallel ports 
is directly compatible with the ADSP-2100 evaluation board ex- 
pansion connector. 

The only additional component required for a full data acquisi- 
tion system is an antialiasing filter. There is a component grid 
provided near the analog input on the PCB which may be used 
for such a filter or any other input conditioning circuitry. To 
facilitate this option there is a shorting plug (labelled LK1 on 
the PCB) on the analog input track. If this shorting plug is 
used, the analog input connects to the buffer amplifier driving 
the AD7870; if this shorting plug is omitted, a wire link can be 
used to connect the analog input to the PCB component grid. 

INTERFACE CONNECTIONS 

There are two parallel connectors labeled SKT4 and SKT6 and 
one serial connector labeled SKT5. A shorting plug option 
(LK3 in Figure 27) on the AD7870 12/8/CLK input configures 
the ADC for the appropriate interface (see Pin Function 
Description). 

SKT6 is a 96-contact (3-ROW) Eurocard connector which is 
directly compatible with the ADSP-2100 Evaluation Board Pro- 
totype Expansion Connector. The expansion connector on the 
ADSP -2100 has eight decoded chip enable outputs labeled 
ECE1 to ECE8. ECE6 is used to drive the AD7870 CS input on 
the data acquisition board. To avoid selecting on board RAM 
sockets at the same time, LK6 on the ADSP-2100 board must 
be removed. In addition, the ADSP-2100 expansion connector 
has four int errupts labelled EI RQO to E IRQ3. The AD7870 
BUSY/INT output connects to EIRQO. There is a single wait 
state generator connected to EDMACK to allow the AD7870 to 
interface to the faster versions of the ADSP-2100. 

SKT4 is a 26-way (2-ROW) IDC connector. This connector 
contains all the signal contacts as SKT6 with the exception of 
EDMACK which is connected to SKT6 only. It also contains 
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decoded R/W and STRB inputs which are necessary for 
TMS 32020 interfacing. The SKT4 pinout is shown in 
Figure 25. 

SKT5 is a 9 way D-type connector which is meant for serial in- 
terfacing only. An inverted DB9/SCLK output is also provided 
on this connector for systems which accept data on a rising 
clock edge. The SKT5 pinout is shown in Figure 26. 


R/W 
RD 

cs 

NC 
NC 

DB10/SSTRB 
DB8/SDATA 
DB6/LOW 
DB4/LOW 
DB2/DB10 
DB0/DB8 
5V 
GND 

NC = NO CONNECT 


© 

© 

© 

© 

® 

© 

© 

® 

® 

© 

© 

© 

® 

© 

© 

© 

© 

© 

© 

© 

© 

@ 

@ 

© 

© 

© 


NC 

DB11/HBEN 

DB9/SCLK 

DB7/LOW 

DB5/LOW 

DB3/DB11 

OB1/DB9 

5V 


Figure 25. SKT4, IDC Connector Pinout 
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Figure 26. SKT5, D-Type Connector Pinout 


SKT1, SKT2 and SKT3 are three BNC connectors which pro- 
vide input connections for the analog input, the CON VST input 
and an external clock input. The use of an external clock source 
is optional, there is a shorting plug (LK2) on the AD7870 CLK 
input which must be connected to either — 5V (for the ADCs 
own internal clock) or to SKT3. 


POWER SUPPLY CONNECTIONS 

The PCB requires two analog power supplies and one 5V digital 
supply . The analog supplies are labelled V+ and V—, and the 
range for both supplies is 12V to 15 V (see silkscreen in Figure 
28). Connection to the 5V digital supply is made through any of 
the connectors (SKT4 to SKT6). The — 5V supply required by 
the AD7870 is generated from a voltage regulator on the V— 
power supply input (IC3 in Figure 26). 

SHORTING PLUG OPTIONS 

There are seven shorting plug options which must be set before 
using the board. These are outlined below: 

LK1 Connects the analog input to a buffer amplifier. The ana- 
log input may also be connected to a component grid for 
signal conditioning. 

LK2 Selects either the AD7870 internal clock or an external 
clock source. 

LK3 Configures the AD7870 12/8/CLK input for the 
appropriate serial or parallel interface. 

LK4 Connects the AD7870 RD input directly to the two par- 
allel connectors or to a decoded STRB and R/W input. 
This shorting plug setting depends on the microprocessor 
e.g., the TMS3 2010 h as a separate RD output while the 
TMS32020 has STRB and R/W outputs. 

LK5- Connect the pull-up resistors R3, R4 and R5 to 
LK7 SSTRB, SCLK and SDATA. These shorting plugs 
should be removed for parallel interfacing. 


COMPONENT LIST 

IC1 

IC2 

IC3 

IC4 

IC5 


AD711 Op Amp 

AD7870 Analog-to- Digital Converter 
MC79L05 -5V Regulator 
74HC00 Quad NAND Gate 
74HC74 Dual D-Type Flip Flop 


Cl, C3, C5, C7, 10|xF Capacitors 

C9, Cll 


C2, C4, C6, C8, 
CIO, C12 

Rl, R2 
R3*, R5* 

R4* 

LK1, LK2 
LK3, LK4 
LK5, LK6, LK7 


0.1 pF Capacitors 

lOkfl Pull-Up Resistors 
4.7kft Pull-Up Resistors 
2kD Pull-Up Resistor 
Shorting Plugs 


SKT1, SKT2, SKT3 BNC Sockets 

SKT4 26-Contact (2-Row) IDC Connector 

SKT5 9-Contact D-Type Connector 

SKT6 96-Contact (3-Row) Eurocard Connector 


^Required for Serial Communication only. 
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Figure 30. PCB Solder Side Layout for Figure 27 
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ANALOG 

DEVICES 


FEATURES 

Complete Monolithic 14-Bit ADC 

Twos Complement Coding 

Parallel, Byte and Serial Digital Interface 

82 dB SIMR at 10 kHz Input Frequency 
57 ns Data Access Time 

Low Power - 60 mW typ 

83 KSPS Throughput Rate 

APPLICATIONS 

Digital Signal Processing 

High Speed Modems 

Speech Recognition and Synthesis 

Spectrum Analysis 

DSP Servo Control 


GENERAL DESCRIPTION I 1 

The AD7871 and AD7872 are fast, complete, 14-bit analog-to- 
digita) converters. They consist of a track/hold amplifier, 
successive-approximation ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained, AD7872 

laser trimmed internal clock, so no external clock timing compo- 
nents are required. The on-chip clock may be overridden to AGND 

synchronize ADC operation to the digital system for minimum 
noise. 

The AD7871 offers a choice of three data output formats: a sin- 
gle, parallel, 14-bit word; two 8-bit bytes or a 14-bit serial data 
stream. The AD7872 is a serial output device only. The two 
parts are capable of interfacing to all modem microprocessors 
and digital signal processors. j 

The AD7871 and AD7872 operate from ±5 V power supplies, 
accept bipolar input signals of ±3 V and can convert full power CLK 

signals up to 50 kHz. 

In addition to the traditional dc accuracy specifications, the control 

AD7871 and AD7872 are also fully specified for dynamic perfor- co nvst t z 

mance parameters including distortion and signal-to-noise ratio. 

Both devices are fabricated in Analog Devices’ LC 2 MOS mixed 
technology process. The AD7871 is available in 28-pin plastic 
DIP, hermetic DIP, LCCC and PLCC packages. The AD7872 
is available in 16-pin plastic and hermetic DIP packages. 

PRODUCT HIGHLIGHTS 

1. Complete 14-Bit ADC on a Chip. 

2. Dynamic Specifications for DSP Users. 

3. Low Power. 


lc 2 mos 

Complete 14-Bit, Sampling ADC 


AD7871/AD7872 


AD7871 FUNCTIONAL BLOCK DIAGRAM 



AD7872 FUNCTIONAL BLOCK 


DIAGRAM 



SSTRB SCLK SDATA DGND V S s 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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CDCPinPATinMC ^dd =+ 5 V ±5%, V ss =-5 V ±5%, AGND=DGND=Q V, f CLK =2 MHz external, F SAMPLE = 83 kHz unless 
Oi Lull luAI lUNu otherwise stated). All Specifications T mjn to T max unless otherwise noted. 



J,A 

K, B 

T 



Parameter 

Versions 1 

Versions 1 

Version 1 

Units 

Test Conditions/Comments 

DYNAMIC PERFORMANCE 2 






Signal to Noise Ratio 3 (SNR) @ 25°C 

78 

82 

82 

dB min 

V IN =10 kHz Sine Wave 

T™. to 

78 

82 

82 

dB min 


Total Harmonic Distortion (THD) 

-84 

-86 

-86 

dB max 

V IN =10 kHz Sine Wave 

THD Is Typically -90 dB for 0 <V IN < 50 kHz. 

Peak Harmonic or Spurious Noise 

-86 

-88 

-88 

dB max 

Vi N =10 kHz Peak Harmonic Is Typically -92 dB 
for 0 <V IN < 50 kHz. 

Intermodulation Distortion (IMD) 






Second Order Terms 

-85 

-85 

-85 

dB max 

fa=9 kHz, fb=9.5 kHz, f SAM PLE=50 kHz 

Third Order Terms 

-85 

-85 

-85 

dB max 

fa=9 kHz, fb=9.5 kHz, f SAM PLE=50 kHz 

Track/Hold Acquisition Time 

2 

2 

2 

p,s max 


DC ACCURACY 






Resolution 

14 

14 

14 

Bits 


Minimum Resolution for Which 

No Missing Codes Are Guaranteed 

14 

14 

14 

Bits 


Integral Nonlinearity (gj 25°C 

±1/2 

±1/2 

±1/2 

LSB typ 


Integral Nonlinearity 


± I 

±1 

LSB max 

^ % $ 

%Ji 

Differential Nonlinearity 


±1 

±1 

LSB max 

Bipolar Zero Error 

Positive Gain Error 4 

±10 

±10 

±5 

±5 

±5 

±5 

LSB max 

LSB max 

& m 110 

k 1 

Negative Gain Error 4 


±5 

±5 

LSB max 


ANALOG INPUT 





g% % 

Input Voltage Range 



±3 

Vo|gs ; ' 


Input Current 



±500 || 

ijuA max 

! ^ 

REFERENCE OUTPUT 






REF OUT (w 25°C 

2.99/3.01 

2.99/3.01 

2.99/3.01 

V min/V max 


T mm to T max 

2.98/3.02 | 

2.98/3.02 

*2 98/3. 02 

V min/V max 


REF OUT Tempco 


® ±40 


ppm/°C max 

The J and A Versions of the AD7871 






Have TCs of 60 ppm/°C max. 

Reference Load Sensitivity 






(AREF OUT/AI) 


-1 

-i 

mV max 

Reference Load Current Change (0 - 500 |xA). 

Reference Load Should Not Be Changed 

During Conversion. 

LOGIC INPUTS 






Input High Voltage, V INH 

2.4 

2.4 

2.4 

V min 

V dd =5 V±5% 

Input Low Voltage, V INL 

0.8 

0.8 

0.8 

V max 

V dd =5 V±5% 

Input Current, I IN 

±10 

±10 

±10 

|xA max 

V IN =0 V to V DD 

Input Current (14/8/CLK Input Only) 

±10 

±10 

±10 

p.A max 

Vin = Vss t0 ^DD 

Input Capacitance, C IN 5 

10 

10 

10 

pF max 


LOGIC OUTPUTS 






Output High Voltage, V OH 

4.0 

4.0 

4.0 

V min 

f SOURCE = 4® M-A 

Output Low Voltage, V OL 

DB13 - DBO 

0.4 

0.4 

0.4 

V max 

Isink” 1*6 mA 

Floating-State Leakage Current 

10 

10 

10 

p,A max 


Floating-State Output Capacitance 5 

15 

15 

15 

pF max 


CONVERSION TIME 






External Clock 

9.5/10 

9.5/10 

9.5/10 

|xs min/|i.s max 


Internal Clock 

8.5/10.5 

8.5/10.5 

8.5/10.5 

ps min/(Jis max 

The Internal Clock Has a Nominal Value of 2 MHz. 

POWER REQUIREMENTS 






v DD 

+5 

+ 5 

+5 

V nom 

±5% for Specified Performance 

V ss 

-5 

-5 

-5 

V nom 

±5% for Specified Performance 

Jdd 

13 

13 

13 

mA max 

Typically 8 mA 

Iss 

6 

6 

6 

mA max 

Typically 4 mA 

Power Dissipation 

95 

95 

95 

mW max 

Typically 60 mW 


NOTES 

‘Temperature Ranges are as follows: 
J,K Versions; -40°C to +85°C 
A,B Versions; -40°C to +85°C 
T Version; -55°C to +125°C 


2 V in =±3V. 

3 SNR calculation includes distortion and noise components. 
4 Measured with respect to internal reference. 
s Sample tested @25°C to ensure compliance. 

Specifications subject to change without notice. 
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AD7871/AD7872 


TIMING CHARACTERISTICS 1,2 (V„ 0 =+5 V±5%, V a =-5 V±5%, AGND=DGND=0 V. See Figures 9, 10. 11 and 12.) 



Limit at T„ ta , T m „ 

Limit at T min , T max 



Parameter 

(J, K, A, B Versions) 

(T Version) 

Units 

Conditions/Comments 

h 

50 

50 

ns min 

CON VST Pulse Width 

t 2 

0 

0 

ns min 

CS to RD Setup Time (Mode 1) 

h 

60 

75 

ns min 

RD Pulse Width 

*4 

0 

0 

ns min 

CS to RD Hold Time (Mode 1) 

t 5 

70 

70 

ns min 

RD to INT Delay 

t 6 3 

57 

70 

ns max 

Data Access Time after RD 

t 7 4 

5 

5 

ns min 

Bus Relenquish Time after RD 


50 

50 

ns max 


*8 

0 

0 

ns min 

HBEN to RD Setup Time 


0 

0 

ns min 

HBEN to RD Hold Time 

ho 

100 

100 

ns min 

SSTRB to SCLK Falling Edge Setup Time 

til 5 

440 

440 

ns min 

SCLK Cycle Time 

tl2 6 

155 

155 

ns max 

SCLK to Valid Data Delay. CL=35 pF 

tlB 

100 

100 

ns min 

SCLK Rising Edge to SSTRB 

tl4 

10 

10 

ns min 

Bus Relenquish Time after SCLK 


100 

100 

ns max 


tl5 

60 

60 % m 

ns min 

CS to RD Setup Time (Mode 2) 

tl6 

120 

420-“' | >, '' " 

Insfmax * 

CS to BUSY Propagation Delay 

tl7 3 

200 

joot % , r ; ^ : 

ns mi% 

Data Setup Time Prior to BUSY 

tl8 

0 

"fe & 1 

ns min 

CS to RD Hold Time (Mode 2) 

l 19 

0 

0 

ns min 

ftBEN to CS Setup Time 

t 2 o 

o i 


Ms min 

HBEN to CS Hold Time 


N0TES ; ; * ; x ;;X ^ - 

‘Timing Specifications in bold print are 100% production tested. All other times are sample tested at 25°C to ensure compliance. All input signals are 
specified with tr=tf=5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

2 Serial timing is measured with a 4.7 kfl pull-up resistor on SDATA and SSTRB and a 2 kfl pull-up resistor on SCLK. The capacitance on all three 
outputs is 35 pF. 

3 t 6 and t 17 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 

4 t 7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 

5 SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 

6 SDATA will drive higher capacitive loads but this will add to t 12 since it increases the external RC time constant (4.7 kfl//C L ) and hence the time 
to reach 2.4 V. 

Specifications subject to change without notice. 


DBN 




+5 V 
^ 3kft 



a. High Z to V OH b.High Z to V OL 

Figure 1. Load Circuits for Access Time 


a. High Z to V OH b.High Z to V OL 

Figure 2. Load Circuits for Output Float Delay 
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ABSOLUTE MAXIMUM RATINGS* 

V DD to AGND -0.3 V to +7 V 

V ss to AGND +0.3 V to -7 V 

AGND to DGND -0.3 V to V DD +0.3 V 

V IN to AGND V ss -0.3 V to V DD +0.3 V 

REF OUT to AGND 0V to V DD 

Digital Inputs to DGND -0.3 V to V DD +0.3 V 

Digital Outputs to DGND -0.3 V to V DD +0.3 V 

Operating Temperature Range 

Commercial (J, K Versions) -40°C to +85°C 

Industrial (A, B Versions) -40°C to +85°C 


Extended (T Version) -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 secs) +300°C 

Power Dissipation (Any Package) to +75°C 450 mW 

Derates above +75°C by 10 mW/°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



5 % dNf 

. 1 fit V\ 1 

ORDERING INFORMATION 1 




| Temperature Range and Package Options 2 

SNR (dBs) 

Relative 

Accuracy 

-40°C to 
+85°C 

-~40°C to 
+85°C 

— 55°C to 
+125°C 

78 min 

82 min 

m 

Plastic DIP (N-28) 

AD7871JN 

AD7871KN 

Cerdip (Q-28) 

AD7871AQ 

AD7871BQ 

Cerdip (Q-28) 

AD7871TQ 3 

78 min 

82 min 

±1 max 

PLCC 4 ’ 5 (P-28A) 

AD7871JP 

AD7871KP 






Temperature Range and Package Options 2 

SNR (dBs) 

Relative 

Accuracy 

— 40°C to 
+85°C 

-40°C to 
+85°C 

— 55°C to 
+125°C 

78 min 

82 min 

±1 max 

Plastic DIP (N-16) 

AD7872JN 

AD7872KN 

Cerdip (Q-16) 

AD7872AQ 

AD7872BQ 

Cerdip (Q-16) 

AD7872TQ 3 


NOTES 

'To order MIL-STD-883B, Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

Available to /883B processing only. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 Contact your local sales office for LCCC availability. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7871/AD7872 


AD7871 PIN FUNCTION DESCRIPTION 
DIP Pin Pin 

No. Mnemonic Function 


1 CON VST Convert Start. A low to high transition on this input puts the track/hold into the hold mode. This 

input is asynchronous to the CLK. CS and RD must be held high for the duration of this pulse. 

2 CS Chip Select. Active low logic input. The device is selected when this input is active. With CON VST 

tied low, a new conversion is initiated when CS goes low. 

3 RD Read. Active low logic input. This input is used in conjunction with CS low to enable the data 

outputs. 

4 BUSY/INT Busy/Interrupt. Logic low output indicating converter status. See timing diagrams. 

5 CLK Clock Input. An external TTL-compatible clock may be applied to this input. Alternatively, tying 

this pin to V ss enables the internal laser-trimmed oscillator. 

6 DB13/HBEN Data Bit 13 (MSB)/High Byte Enable. The function of this pin is dependent on the state of the 

14/8/CLK input (see Pin 28). When 14-bit data is selected, this pin provides the DB13 output. When 
either byte or serial data is selected, this pin becomes the HBEN logic input. HBEN is used for 8-bit 
bus interfacing. When HBEN is low, DB7 to DBO is the lower byte of data. With HBEN high, DB7 
to DBO is the upper byte of data (see Table I). 

HBEN I DB7 DB6 DBS DB4 DB3 [ DB2 DB1 I DBO 

HIGH LOW LOW DB13 DB12 DB11 DB10 DB9 DB8 

LOW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


Table I. Byte Output Format 

DB12/SSTRBData Bit 12/Serial Strobe. When 14-bit data is selected this pin provides the DB12 data output. 

Otherwise it is an active low three-state output which provides a framing pulse for serial data. 

DB11/SCLK Data Bit 11/Serial Clock. When 14-bit data is selected, this pin provides the DB11 data output. 

Otherwise SCLK is the gated serial clock output which is derived from the internal or external ADC 
clock. If the 14/8 /CLK input is held at -5 V then the SCLK runs continuously. With 14/8/CLK at 
0 V, it is gated off (three-state) after serial transmission is complete. 

DBlO/SDATAData Bit 10/Serial Data. When 14-bit parallel data is selected, this pin provides the DB10 data 

output. Otherwise it is the three-state serial data output used in conjunction with SCLK and SSTRB 
in serial data transmission. Serial data is valid on the falling edge of SCLK, when SSTRB is low. 

DB9-DB6 Three-State Data Outputs which are controlled by^CS and RD. Their function depends on the state 
of the 14/8/CLK and the HBEN inputs. With 14/8/CLK high, they are always DB9-DB6. With 
14/8/CLK low, their function depends on HBEN (see Table I). 

DGND Digital Ground. Ground return for digital circuitry. 

DB5/DB13- Three-State Data Outputs which are controlled by CS and RD. Their function depends on the 

DB0/DB8 14/8/CLK and HBEN inputs. With 14/8/CLK high, they are always DB5-DB0. With 14/8/CLK low 
or -5 V, their function is controlled by HBEN (see Table I). 

V DD Positive Supply, +5 V±5%. 

AGND Analog Ground. Ground reference for analog circuitry. 

NC No Connect. 

NC No Connect. 

REFOUT Voltage Reference Output. The internal 3 V referene is provided at this pin. The external load 
capability is 500 }xA. 

V IN Analog Input. The input range is ±3 V. 

V ss Negative Supply, -5 V±5%. 

14/8/CLK Three-Function Input. Defines both the parallel and serial data formats. With this pin at +5 V, the 
output data is 14-bit parallel only. With this pin at 0 V, both byte and serial data are available, and 
the SCLK is noncontinuous. With this pin at -5 V, both byte and serial data are available and the 
SCLK is continuous. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7872 PIN FUNCTION DESCRIPTION 


DIP Pin 
No. 

Pin 

Mnemonic 

Function 

1 

CONTROL 

Control Input. With this pin at 0 V, the SCLK is noncontinuous. With this pin at -5 V, the SCLK 
is continuous. 

2 

CON VST 

Convert Start. A low to high transition on this input puts the track/hold into the hold mode. This 
input is asynchronous to the CLK and is independent of CS and RD. 

3 

CLK 

Clock Input. An external TTL-compatible clock may be applied to this input. Alternatively, tying 
this pin to V ss , enables the internal laser-trimmed oscillator. 

4 

SSTRB 

This is an active low three-state output which provides a framing pulse for serial data. An external 

4.7 k ft pull-up resistor is required on SSTRB. 

5 

SCLK 

Serial Clock. SCLK is the gated serial clock output which is derived from the internal or external 

ADC clock. If the 14/8/CLK input is at -5 V, then the SCLK runs continuously. With 14/8/CLK at 

0 V, it is gated off (three-state) after serial transmission is complete. SCLK is an open-drain output 
and requires an external 2 kfl pull-up resistor. 

6 

SDATA 

Serial Data. This is the three-state serial data output used in conjunction with SCLK and SSTRB in 
serial data transmission. Serial data is valid on the falling edge of SCLK, when SSTRB is low. An 
external 4.7 kfl pull-up resistor is required on SDATA. 

7 

NC 

No Connect. 't\§ 

8 

DGND 

Digital Ground. Ground return for digital circuitry. 

9 

v DD 

Positive Supply for digital circuitry, +5 V±5%. 

10 

NC 

® ft % Hi ^ ft 

No Connect m m || w w % 

11 

NC 

No Connect 

12 

AGND 

Analog Ground. Ground reference for analog circuitry. 

13 

REFOUT 

Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load 
capability is 500 |xA. 

14 

ViN 

Analog Input. The input range is ±3 V. 

15 

V ss 

Negative Supply, -5 V±5%. 

16 

v DD 

Positive Supply for analog circuitry, +5 V±5%. 


PIN CONFIGURATIONS 


DIP 


DIP 


PLCC 


■w 


CONVST [V 

• 

TTJ 14/8/CLOCK 

CS [T 


TT| V ss 

RD [T^ 


~26~| V| N 

BUSY/INT |_4_ 


~25~] REFOUT 

CLK pT 


~2A \ NC 

DB13/HBEN [~6~ 


IT] NC 

DB12/SSTRB (~7~ 

AD7871 

~n\ AGND 

DB11/SCLK [~8~~ 

TOP VIEW 
(Not to Scale) 

IT] V DD 

DB10/SDATA [IT 


TT] DB0/DB8 

DB9 [TT 


TTj DB1/DB9 

DB8 [77 


Ti] DB2/DB10 

DB7 [77 


17] DB3/DB11 

DB6 [TT 


H] DB4/DB12 

DGND IjT 


H] DB5/DB13 


NC = NO CONNECT 




REFOUT 

NC 

NC 

AGNO 

V DD 

DB0/DB8 

DB1/DB9 
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AD7871/AD7872 


CONVERTER DETAILS 

The AD7871/AD7872 is a complete 14-bit A/D converter, 
requiring no external components apart from power supply 
decoupling capacitors. It is comprised of a 14-bit successive 
approximation ADC based on a fast settling voltage-output 
DAC, a high speed comparator and CMOS SAR, a track/hold 
amplifier, a 3 V buried Zener reference, a clock oscillator and 
control logic. 

INTERNAL REFERENCE 

The AD7871/AD7872 has an on-chip temperature compensated 
buried Zener reference which is factory trimmed to 3 V 
±10 mV. Internally it provides both the DAC reference and the 
dc bias required for bipolar operation. The reference output is 
available (REF OUT) and is capable of providing up to 500 jjlA 
to an external load. 

The maximum recommended capacitance on REF OUT for nor- 
mal operation is 50 pF. If the reference is required for use 
external to the AD7871/AD7872, it should be decoupled with a 
200 H resistor in series with a parallel combination of a 10 (jlF 
tantalum capacitor and a 0.1 (jlF ceramic capacitor. Th&^egg* gff 
decoupling components are required to remove voltage spikes 
caused by the AD7871/AD7872's internal operation. 



REF OUT 


Figure 3. AD7871/AD7872 Reference Circuit 

TRACK-AND-HOLD AMPLIFIER 

The track -and-hold amplifier on the analog input of the 
AD7871/AD7872 allows the ADC to accurately convert an input 
sine wave of 6 V peak-peak amplitude to 14-bit accuracy. The 
input bandwidth of the track/hold amplifier is much greater 
than the Nyquist rate of the ADC even when the ADC is oper- 
ated at its maximum throughput rate. The wide bandwidth of 
the track/hold allows the high frequency operation. The 0.1 dB 
cutoff frequency occurs typically at 500 kHz. The track/hold 
amplifier acquires an input signal to 14-bit accuracy in less than 
2 (jls. The overall throughput rate is determined by the conver- 
sion time plus the track/hold amplifier acquisition time. For 
a 2 MHz input clock the throughput time is 12 |xs max. 

The operation of the track/hold amplifier is essentially transpar- 
ent to the user. The track/hold amplifier goes from its tracking 
mode to its hold mode at the start of conversion. If the 
CON VST input is used to start conversion, then the t rack to 
hold transition occurs on the rising edge of CONVST. If CS 
on the AD7871 starts conversion, this transition occurs on the 
falling edge of CS. 


ANALOG INPUT 

Figure 4 shows the AD7871/AD7872 analog input. The analog 
input range is ±3 V into an input resistance of typically 15 kfl. 
The designed code transitions occur midway between successive 
integer LSB values (i.e., 1/2 LSB, 3/2 LSBs, 5/2 LSBs . . . FS 
-3/2 LSBs). The output code is 2s complement binary with 
1 LSB=FS/16384=6 V/16384=366 jlV. The ideal input/ 
output transfer function is shown in Figure 5. 



Figure 4. AD7871/AD7872 A^nalog Input 


OUTPUT 

code 



Figure 5. Bipolar Input/Output Transfer Function 

BIPOLAR OFFSET AND FULL SCALE ADJUSTMENT 

When the AD7871/AD7872’s offset and full scale errors need to 
be adjusted, offset error must be adjusted first. This is achieved 
by trimming the offset of the op amp driving the analog input of 
the AD7871/AD7872 while the input voltage is 1/2 LSB below 
AGND. The trim procedure is as follows: apply a voltage of 
-0.183 mV (-1/2 LSB) at V l in Figure 6 and adjust the op 
amp offset voltage until the ADC output code flickers between 
11 1111 1111 1111 and 00 0000 0000 0000. 

Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC posi- 
tive full scale). The trim procedures for both cases are as follows 
(see Figure 6). 
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Positive Full Scale Adjust 

Apply a voltage of 2.9995 V (FS/2 -3/2 LSBs) at V 1 and adjust 
R2 until the ADC output code flickers between 01 1111 1111 
1110 and 01 1111 1111 1111. 

Negative Full Scale Adjust 

Apply a voltage of -2.9998 V (-FS/2+1/2 LSB) at V x and 
adjust R2 until the ADC output code flickers between 10 0000 
0000 0000 and 10 0000 0000 0001. 


R1 

lOkft 



UNIPOLAR OPERATION * 

A typical unipolar circuit is shown in Figure 7. The AD7871/ * 
AD7872 REF OUT is used to offset the analog input by 3 V. 
The analog input range is determined by the ratio of R3 to R4. 
The minimum range with which the circuit will work is 0 to 
+3 V. The resistor values are given in Figure 7 for input raifges 
of 0 to +5 V and 0 to + 10 V. R5 and R6 are included for offset 
and full scale adjust only and should be omitted if adjustment is 
not required. 

The ideal input/output transfer function is shown in Figure 8. 
The output can be converted to straight binary by inverting the 
MSB. 

R3 

10 kft (9.1 kil) 



Figure 7. AD7871/AD7872 Unipolar Circuit 


UNIPOLAR OFFSET AND FULL-SCALE ADJUSTMENT 

When absolute accuracy is required, offset and full scale error 
can be adjusted to zero. Offset must be adjusted before full 
scale. This is achieved by applying an input voltage of (1/2 LSB) 
to V 1 and adjust R6 until the ADC output code flickers between 
10 0000 0000 0000 and 10 0000 0000 0001. For full scale adjust- 
ment apply an input voltage of (FS-3/2 LSBs) to V 1 and adjust 
R5 until the output code flickers between 01 1111 1111 1110 
and 01 1111 1111 1111. 



TIMING AND CONTROL 

The conversion cycle normally consists of 19 clock periods. The 
conversion time for both external and internal clock can vary 
from 19 tfljO clock cycles depending on the conversion start to 
jft| ADC clock synchronization. If a conversion is initiated within 
30 ns prior to a rising edge of the ADC clock, the conversion 
time will consist of 20 clock cycles. 

There are two basic ope rating mod es for the AD7871. In the 
first mode (Mode 1) the CON VST line is used to start conver- 
sion and drive the track/hold into its hold mode. At the end of 
conversion the track/hold returns to its tracking mode. It is 
intended principally for digital signal processing and other appli- 
cations where precise sampling in time is required. In these 
applications, it is important that the signal sampling occurs at 
exactly equal intervals to minimize error s due to sa mpling 
uncertainty or jitter. For these cases the CONVST line is driven 
by a timer or some precise clock source. 

The second mode is achieved by hard- wiring the CONVST line 
low. This mode (Mode 2) is intended for use in systems where 
the microprocessor has total control of the ADC, both initiating 
the conversion and reading the data. CS and RD start conver- 
sion and the microprocessor will normally be driven into a 
WAIT state for the duration of conversion by BUSY/INT. 

The AD7872 has one operati ng mode o nly. This is Mode 1, 
described above, which uses CONVST to start conversion. 

DATA OUTPUT FORMATS 

The AD7871 offers a choice of three data output formats, one 
serial and two parallel. The parallel data formats include a single 
14-bit parallel word for 16-bit data buses and a two-byte format 
for _8-bit data buses. The data format is controlled by the 
14/8/CLK input. A logic high on this pin selects the 14-bit par- 
allel output format only. A logic low or -5 V applied to this pin 
allows the user access to either serial or byte formatted data. 
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Three of the pins previously assigned to the four MSBs in paral- 
lel form are now used for serial communications while the 
fourth pin becomes a control input for the byte-formatted data. 
The three possible data output formats can be selected in either 
of the modes of operation. 

The AD7872 is a serial output device only. The serial data for- 
mat is exactly the same as the AD7871. 

Parallel Output Format 

The two parallel formats available on the AD7871 are a 14-bit 
wide data word and a two-byte data word. In the first, all 14 
bits of data are available at the same time on DB13 (MSB) 
through DBO (LSB). In the second, two reads are required to 
access the data. When this data format is selected, the DB13/ 
HBEN pin assumes the HBEN function. HBEN selects which 
byte of data is to be read from the AD7871. When HBEN is 
low, the lower 8 bits of data are placed on the data bus during a 
read operation; with HBEN high, the upper six bits of the 14- 
bit word are placed on the data bus. These six bits are right jus- 
tified and thereby occupy the lower six bits of the byte while the 
upper two bits are zeros. s;;i . 

Serial Output Format ^ _ % iSfcJg ® 

Serial data is available on the AD7871 when the 14/8 /CLK input 5 
is at 0 V or -5 V and in this case the DB12/SSTRB, DB11/ 
SCLK and DB10/SDATA pins assume their serial functions. 

The AD7872 is a serial output device only. The serial function 
on both devices is identical. Serial data is available during con- 
version with a word length of 16 bits; 2 leading zeros, followed 
by the 14-bit conversion result starting with the MSB. The data 
is synchronized to the serial clock output (SCLK) and is framed 
by the serial strobe (SSTRB). Data is clocked out on a low to 
high transition of the s erial clo ck and is valid on the f alling edge 
of this clock while the SSTRB output is low. SSTRB goes low 
at the start of conversion and the first serial data bit (which is 
the first leading zero) is valid on the first falling edge of SCLK. 
All the serial lines are open-drain outputs and require external 
pull-up resistors. 

The serial clock out is derived from the ADC master clock 
source which may be internal or external. Normally, SCLK is 
required during the serial transmission only. In these cases it 
can be shut down (i.e., placed into three-state) at the end of 
conversion to allow multiple ADCs to share a common serial 
bus. However, some serial systems (e.g., TMS32020) require a 
serial clock which runs continuously. Both options are available 
on the AD7871 and AD7872. With the 14/8/CLK input on the 
AD7871 at -5 V, the serial clock (SCLK) runs continuously; 
when 14/8/CLK is at 0 V, SCLK goes into three-state at the end 
of transmission. The CONTROL pin on the AD7872 performs 
the same function. When this is at 0 V, SCLK is noncontinuous 
and when it is at —5 V, SCLK is continuous. 

MODE 1 INTERFACE 

Conversion is initiated by a lo w going pu lse on the CON VST 
input. The rising edge of this CON VST pulse starts conversion 
and drives the track/hold amplifier into its hold mode. Note that 
CS and RD should be high when CON VST is brought low. The 
BUSY /INT status output assumes its INT function in this 
mode. IN T is n ormally high and goes low at the end of conver- 
sion. This INT line can be used to interrupt the microprocessor. 


A read operation to the AD7871 accesses the data and the INT 
line is reset high on the falling edge of CS and RD. The 
CON VST input must be high when CS and RD are brought 
low for the AD7871 to operate correctly in this mode. It is 
important, especially in systems where the conversion start 
(CON VST) pulse is asynchronous to the microprocessor, to 
ensure that a parallel or byte data read is not attempted during 
a conversion. Trying to read data during a conversion can 
cause errors to the conversion in progress. Avoid pulsing the 
CON VST line a second time before conversion end since it can 
cause errors in the conversion re sult. In ap plications where pre- 
cise sampling is not critic al, th e CON VST pulse can be gener- 
ated from microprocessor WR line OR-gated with the AD7871 
CS input. 


Figure 9 shows the Mode 1 timing diagram for a 14-bit parallel 
data output format (14/8/CLK= + 5 V). A read to the AD7871 at 
the end of conversion accesses all 14 bits of data at the same 
time. Serial data is not available for this data output format. 
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Figure 9. Mode 1 Timing Diagram , 14-Bit Parallel Read 

The Mode 1 functio n timi ng diagram for byte and serial data is 
shown in Figure 10. INT goes low at the end of conversion and 
is reset high by the first falling edge of CS and RD. This first 
read at the end of conversion can either access the low byte or 
high byte of data depending on the status of HBEN (Figure 10 
shows low byte for example only). The diagram shows both the 
SCLK output going into three-state at the end of transmission 
and a continuously running clock (dashed line). 


MODE 2 INTERFACE _____ 

The second interface mode is achieved by hard-wiring CON VST 
low and conversion is initiated by taking CS low while HBEN is 
low. The track/hold amplifier goes i nto the hold mode on the 
falling edge of CS. In this mode the BUSY/INT pin assumes 
its BUSY function. BUSY goes low at the start of conversion, 
stays low during the conversion and returns high when the con- 
version is complete. It is normally used in parallel interfaces to 
drive the microprocessor into a WAIT state for the duration of 
conversion. 

Figure 11 shows the Mode 2_timing diagram for the 14-bit par- 
allel data output format (14/8/CLK= + 5 V). In this case the 
ADC behaves like slow memory. The major advantage of this 
interface is that it allows the microprocessor to start conversion, 
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NOTES 

’TIMES t 2 , t 3 , t 4 , t 8 , AND t 9 ARE THE SAME FOR A HIGH BYTE READ AS FOR A LOW BYTE READ. 

EXTERNAL 4.7 kft PULL-UP RESISTOR. 

EXTERNAL 2 kft PULL-UP RESISTOR. CONTINUOUS SCLK (DASHED LINE) WHEN 14/8/CLK = -5 V NONCONTINUOUS WHEN 14/8/CLK = 0 V. 


Figure 10. Mode 1 Timing Diagram, Byte or Serial Read 


WAIT and then read data with a single READ instruction. The 
user does not have to worry about servicing interrupts or ensur- 1 
ing that software delays are long enough to avoid the reading 
during conversion. * %, 

The Mode 2 timing diagram for byte and serial data is shown in 
Figure 12. For two-byte data read, the lower byte (DB0-DB7) 
has to be accessed first since HBEN must be low to start con- 
version. The ADC behaves like slow memory for this first read, 
but the second read to access the upper byte of data is a normal 
read. Operation to the serial functions is identical between Mode 
1 and Mode 2. Once again, the timing diagram of Figure 12 
shows SCLK going into three-state or running continuously 
(dashed line). 
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Figure 1 1. Mode 2 Timing Diagram, 14-Bit Parallel Read 
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SERIAL DATA 


NOTES 

’TIMES t 1s , t 18 , t 19 , AND t 20 ARE THE SAME FOR A HIGH BYTE READ AS FOR A LOW BYTE READ. 

2 4.7 kn PULL-UP RESISTOR ON SSTRB. 

Continuous sclk (dashed line) when 12/8/clk = -5 v noncontinuous when 12/8/clk = o v. external 2 kn pull-up resistor. 


Figure 12. Mode 2 Timing Diagram, Byte or Serial Read 
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MICROPROCESSOR INTERFACE 

The AD7871 and AD7872 have a wide variety of interfacing 
options. The AD7871 offers two operating modes and three 
data-output formats, while the AD7872 is a dedicated serial out- 
put device. The fast data access times on the parallel modes of 
the AD7871 allow interfacing to the very fast DSPs. The serial 
mode on both the AD7871 and AD7872 is compatible with the 
serial port structures on all the popular DSPs. 

Parallel Read Interfacing 

Figures 13 and 14 show interfaces to the ADSP-2100 and the 
TMS32020/C25 DSP processors. The AD7871 is operating in 
Mode 1, parallel read for both interfaces. An external timer con- 
trols conversion start asynchronously to the microprocessor. At 
the end of each conversion the ADC BUSY/INT interrupts the 
microprocessor and the conversion result is read from the ADC 
with the following instruction: 

ADSP-2100 MRO = DM(ADC) 

TMS32020/C25: IN D,ADC 



Figure 13. AD7871 to ADSP-2100 Parallel Interface 

Some applications may require that conversions be initiated by 
the microprocessor rat her than an external timer. One option is 
to decode the AD7871 CONVST from the address bus so that a 
write operation to the ADC starts a conversion. Data is read at 
the end of conversion as described earlier. Note, a read opera- 
tion must not be attempted during conversion. 

Serial Interfacing 

Both the AD7871 and the AD7872 have an identical serial inter- 
face, The diagrams that follow show the AD7872 interfaces only 
but the AD7871 could just as easily be used in these circuits. 
Figures 15, 16 and 17 show the AD7872 connected to three 
popular DSP’s. In all three interfaces, CONVST is used to start 
conversion since this does not activate the parallel bus. Thus, 



Figure 14. AD7871 to TMS32020/C25 Interface 

the microprocessor can continue to use its parallel bus regardless 
of t he state of the AD7872. The interfaces show a timer driving 
lie CONVST input but this could be generated from a decoded 
address if required. 

AD7872 — DSPS6000 Serial Interface 

Figure 15 shows a serial interface between the AD7872 and the 
DSP56000. The interface arrangement is two-wire with the 
AD7872 configured for non-continuous clock operation 
(14/8/CLK=0 V). The DSP56000 is configured for Normal 
Mode Synchronous Operation with Gated Clock. It is also set up 
for a 16-bit word with SCK and SC2 as inputs and the FSL 
control bit set to a 0. In this configuration, the DSP56000 
assumes valid data on the first falling edge of SCK. Since the 
AD7872 provides valid data on this first edge there is no need 
for a strobe or framing pulse for the data. SCLK and SDATA 
are three-stated when the AD7872 is not performing a conver- 
sion. During conversion data is valid on the SDATA output of 
the AD7872 and is clocked into the Receive Data Shift Register 
of the DSP56000. When this register has received 16 bits of 
data, it generates an internal interrupt on the DSP56000 to read 
the data from the register. 

The DSP56000 and AD7872 can also be configured for continu- 
ous clock operation. In this case a strobe pulse is required by 
the DSP56000 to indicate when data is valid. The SSTRB out- 
put of the AD7872 is inverted and applied to the SC2 input of 
the DSP56000 to provide this strobe pulse. All other conditions 
and connections are the same as for the gated clock operation. 



•ADDITIONAL PINS OMITTED FOR CLARITY. 


Figure 15. AD7872 to DSP56000 Interface 
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AD7872 - TMS32020/C2S Serial Interface 
Figure 16 shows a serial interface between the AD7872 and the 
TMS32020/C25. The AD7872 is configured for continuous clock 
operation. Note, the ADC will not interface correctly to the 
TMS32020/C25 if it is configured for a non-continuous clock. 
Data is clocked into the Data Receive Register (DRR) of the 
TMS32020/C25 during conversion. As with the previous inter- 
faces, when a 16-bit word is received by the DSP it generates an 
internal interrupt to read the data from the DRR. 



•ADDITIONAL PINS OMITTED FOR CLARITY. 



•ADDITIONAL PINS OMITTED FOR CLARITY. 


Figure 17. AD7872-ADSP-2101/ADSP-2102 Serial Interface 

STAND-ALONE OPERATION 

The AD7871 can be used in its Mode 2, parallel mode for 
stand-alone operation. In this case, conversion is initiated with a 
pulse to the CS input. This pu lse mus t be longer than the con- 
version time of the ADC. The BUSY output is used to drive the 
RD input. Data is latched from the AD7871 DBO - DB11 out- 
puts to an external latch on the rising edge of BUSY. 


Figure 16. AD7872 to TMS32020/C25 Interface 

AD7872 - ADS P-2 101 /ADS P-2 1 02 Serial Interface 
Figure 17 shows a serial interface between the AD7872 and the 
ADSP-2 1 0 l/ADSP-2 102 DSP Microcomputer. The AD7872 is 
configured for continuous clock operation. Data is clocked ifttd 
the serial port register of the microcomputer during conversion. 
As with the previous interfaces, when a 16-bit data word is 
received by the ADSP-2 101/ADSP-2 102 an internal microproces- 
sor interrupt is generated and the data is read from the serial 
port register. 


1! : 


APPLICATION HINTS 

Good printed circuit board (PCB) layout is as important as the 
circuit design itself in achieving high speed A/D performance. 
The AD7871/AD7872 is required to make bit decisions on an 
LSB size of 366 p.V.< Thus, the designer has to be conscious of 
noise both in the ADC itself and in the preceding analog cir- 
>cul|r$l Switching mode power supplies are not recommended as 
the switching spikes will feed through to the comparator causing 
noisy code transitions. Other causes of concern are ground loops 
and digital feedthrough from microprocessors. These are factors 
which influence any ADC, and a proper PCB layout which min- 
imizes these effects is essential for best performance. 
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ANALOG LC 2 M0S Complete 12-Bit 

DEVICES 100kHz Sampling ADC with DSP Interface 


AD7878 


FEATURES 

Complete ADC with DSP Interface, Comprising: 
Track/Hold Amplifier with 2ps Acquisition Time 
7ps A/D Converter 
3V Zener Reference 
8-Word FIFO and Interface Logic 
72dB SNR at 10kHz Input Frequency 
Interfaces to High Speed DSP Processors, e.g., 
ADSP-2100, TMS32010, TMS32020 
41ns max Data Access Time 
Low Power, 60mW typ 

APPLICATIONS 

Digital Signal Processing 

Speech Recognition and Synthesis 

Spectrum Analysis 

High Speed Modems 

DSP Servo Control 


GENERAL DESCRIPTION 

The AD7878 is a fast complete 12-bit A/D converter with a 
versatile DSP interface consisting of an 8-word, first-in, first-out 
(FIFO) memory and associated control logic. 

The FIFO memory allows up to eight samples to be digitized 
before the microprocessor is required to service the A/D converter. 
The eight words can then be read out of the FIFO at maximum 
microprocessor speed. A fast data access time of 41ns allows 
direct interfacing *to DSP processors and high speed 16-bit 
microprocessors. 

An on-chip status/control register allows the user to program the 
effective length of the FIFO and contains the FIFO out of 
range, FIFO empty and FIFO word count information. 

The analog input of the AD7878 has a bipolar range of ±3V. 
The AD7878 can convert full power signals up to 50kHz and is 
fully specified for dynamic parameters such as signal-to-noise 
ratio and harmonic distortion. 

The AD7878 is fabricated in Linear Compatible CMOS 
(LC 2 MOS), an advanced, mixed technology process that combines 
precision bipolar circuits with low power CMOS logic. The part 
is available in four package styles, 28-pin plastic and hermetic 
dual-in-line package (DIP), leadless ceramic chip carrier (LCCC) 
or plastic leaded chip carrier (PLCC). 


AD7878 FUNCTIONAL BLOCK DIAGRAM 


agnd ref out v in v cc v do 



DGND DB11 DBO v ss 


PRODUCT HIGHLIGHTS 

1 . Complete A/D Function with DSP Interface 

The AD7878 provides the complete function for digitizing ac 
signals to 12-bit accuracy. The part features an on-chip track/ 
hold, on-chip reference and 12-bit A/D converter. The addi- 
tional feature of an 8-word FIFO reduces the high software 
overheads associated with servicing interrupts in DSP 
processors. 

2. Dynamic Specifications for DSP Users 

The AD7878 is fully specified and tested for ac parameters, 
including signal-to-noise ratio, harmonic distortion and inter- 
modulation distortion. Key digital timing parameters are also 
tested and specified over the full operating temperature 
range. 

3. Fast Microprocessor Interface 

Data access time of 41ns is the fastest ever achieved in a 
monolithic A/D converter and makes the AD7878 compatible 
with all modern 16-bit microprocessors and digital signal 
processors. 
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CDFPinPATinNC 0 ' 00 = +5V ±5% ’ Vcc = +5V ±5% ’ v ss = ~ 5V ± 5%, AGND = DGND = OV,f clK = 8MHz. 
w l £ 0 1 1 I V A 1 1 U li w All Specifications T min to T max unless otherwise noted.) 


Parameter 

J,A 

Versions 1 

K,L,B 

Versions 

S 

Version 

Units 

Test Conditions/Comments 

DYNAMIC PERFORMANCE 2 






Signal-to-Noise Ratio (SNR) 3 (au 25°C 

70 

72 

70 

dBmin 

Vin = 10kHz sine wave, fsAMPi.F. = 100kHz 

T m in tO T m ax 

70 

71 

70 

dB min 

Typically 71 .5dB for 0< V IN < 50kHz 

Total Harmonic Distortion (THD) 

-80 

-80 

-80 

dBmax 

Vin = 10kHz sine wave, fsAMPi.E = 100kHz 
Typically - 86dB for0<V IN <50kHz 

Peak Harmonic or Spurious Noise 

-80 

-80 

-80 

dB max 

Vin^ 10kHz, fsAMPLE = 100kHz 

Typically -86dBfor0<V 1N <50kHz 

Intermodulation Distortion (IMD) 






Second Order Terms 

-80 

-80 

-80 

dBmax 

fa = 9kHz, fb = 9.5kHz, fsAMPi.E = 50kHz 

Third Order Terms 

-80 

-80 

-80 

dBmax 

fa = 9kHz, fb = 9.5kHz, f SAM PLE = 50kHz 

Track/Hold Acquisition Time 

2 

2 

2 

fxsmax 

See Throughput Rate section. 

DC ACCURACY 






Resolution 

12 

12 

12 

Bits 


Minimum Resolution for which 






No Missing Codes are Guaranteed 

12 

12 

12 

Bits 


Relative Accuracy 

±1/2 

±1/4 

± 1/2 

K52L. V3£23®$t 


Differential Nonlinearity 

1 ±1/2 

±1/2 

±1/2 



Bipolar Zero Error 

±6 

±6 

±6 

LSB max 


Positive Full Scale Error 4 

±6 

±6 

±6 

LSB max 


Negative Full Scale Error 4 

± 6 

±6 

± 6 

LSB max 


ANALOG INPUT 






Input Voltage Range 

±3 

±3 

±3 

Volts 


Input Current 

±550 

±550 

±550 

|j,A max 


REFERENCE OUTPUT 5 






REF OUT 

3 

3 

3 

V nom 


REF OUT Error (5) 25°C 

±10 

±10 

±10 

mV max 


Tmin tO T max 

±15 

±15 

±15 

mV max 


Reference Load Sensitivity 






(AREF OUT/AI) 

±1 

±! 

±1 

mV max 

Reference Load Current change (0- 500|xA). 
Reference Load should not be changed 
during conversion. 

LOGIC INPUTS 






Input High Voltage, Vi NH 

±2.4 

±2.4 

±2.4 

V min 

Vcc ± 5 V ± 5% 

Input Low Voltage, V INL 

±0.8 

±0.8 

±0.8 

V max 

V cc = + 5 V ± 5% 

Input Current, I IN 

±10 

± 10 

±10 

|xA max 

Vin = 0 to V C c 

Input Capacitance, Cjn 6 

10 

10 

10 

pF max 


LOGIC OUTPUTS 






Output High Voltage, V 0 h 

±2.7 

±2.7 

±2.7 

V min 

^SOURCE = 40p,A 

Output Low Voltage, Vql 

±0.4 

±0.4 

±0.4 

V max 

Isink = 1.6mA 

DB11-DB0 






Floating State Leakage Current 


±10 


± 10 

|xA max 

Floating State Output Capacitance 6 

15 

15 

15 

15 

pF max 

CONVERSION TIME 







7/7.125 

7/7.125 

7/7.125 

|xs min/fxs max 

Assuming no external Read/Write operations 


7/9.250 

7/9.250 

7/9.250 

jxs min/p.s max 

Assuming 17 external Read/Write operations 
See Internal Comparator Timing section 

POWER REQUIREMENTS 






Vdd 

±5 

±5 

±5 

V nom 

± 5% for specified performance 

Vcc 

±5 

±5 

±5 

V nom 

± 5% for specified performance 

Vss 

-5 

-5 

-5 

V nom 

± 5% for specified performance 

Idd 

13 

13 

13 

mA max 

CS = DMWR = DMRD = 5 V 

Icc 

100 

100 

100 

p.A max 

CS = DMWR - DMRD = 5 V 

Iss 

6 

6 

6 

mA max 

CS = DMWR = DMRD = 5 V 

Power Dissipation 

95.5 

95.5 

95.5 

mW max 

Typically 60m W 


NOTES 

‘Temperature range as follows: 

J, K, L versions: 0 to + 70°C 
A, B versions: - 25°C to + 85°C 
S version: -55°Cto + 125°C 
2 Vi N = ± 3V. See Dynamic Specifications section. 

3 SNR calculation includes distortion and noise components. 

4 Measured with respect to the Internal Reference. 

5 For Capacitive Loads greater than 50pF a series resistor is required (see Internal Reference section). 
6 Sample tested (a 25°C to ensure compliance. 

Specifications subject to change without notice. 
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AD7878 


TIMING CHARACTERISTICS 1 (v 00 = 5 v± 5 %,v cc = sv ± 5%, v ss = — sv ± 5%) 


Parameter 

Limit at T,,^, T max 
(L Grade) 

Limit at T^T^ 
(J,K, A, B Grades) 

Limit at T m i n , T max 
(S Grade) 

Units 

Conditions/Comments 

ti 

65 

65 

75 

ns max 

CLK IN to BUSY Low Propagation Delay 

t 2 

65 

65 

75 

ns max 

CLK IN to BUSY High Propagation Delay 

t3 

2 CLK IN cycles 

2 CLK IN cycles 

2 CLK IN cycles 

min 

CONVST Pulse Width 

t4 

0 

0 

0 

ns min 

CS to DMRD/REGISTER ENABLE Setup Time 

t 5 

0 

0 

0 

ns min 

CS to DMRD/REGISTER ENABLE Hold Time 

4 

45 

60 

60 

ns min 

DMRD Pulse Width 


50 

50 

50 

p.s max 


t 7 

16 

16 

16 

ns min 

ADD0 to DMRD/REGISTER ENABLE Setup Time 

*8 

0 

0 

0 

ns min 

ADD0 to DMRD/REGISTER ENABLE Hold Time 

t 9 2 

41 

57 

57 

ns min 

Data Access Time after DMRD 

tio 3 

5 

5 

5 

ns min 

Bus Relinquish Time 


45 

45 

45 

ns max 


til 

42 

42 

55 

ns min 

REGISTER ENABLE Pulse Width 


50 

50 

50 

|xs max 


tl2 

20 

20 

30 

ns min 

Data Valid to REGISTER ENABLE Setup Time 

tl3 

10 

10 

10 

ns min 

Data Hold Time after REGISTER ENABLE 

tl4 2 

41 

57 

57 

ns min 

Data Access Time after BUSY 


NOTES 

'Timing Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are specified with 
tr = tf = 5ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. 

2 t 9 and t j 4 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

3 tio is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


DBN 


DBN 


5V 

^ 56k 



a. High-Z to V OH b. High-Z to V OL 

Figure 1. Load Circuits for Access Time 

5 v 




ABSOLUTE MAXIMUM RATINGS* 

(T a — + 25°C unless otherwise stated) 


V DD to DGND 

V cc to DGND 

V ss to DGND 

Vdd to Vcc 

AGND to DGND 

V IN to AGND 

REF OUT to AGND 

Digital Inputs to DGND 
CLK IN, DMWR, DMRD, RESET, 

CS, CONVST, ADD0 

Digital Outputs to DGND 

ALFL, BUSY 

Data Pins 


. . . -0.3V to + 7V 
. . . -0.3V to + 7V 
. . . + 0.3V to -7V 
. . - 0.3V to + 0.3V 
-0.3V to V DD +0.3V 
. . . -15V to + 15V 
0 to Vdd 


-0.3V to Vdd +0.3V 


-0.3V to Vdd + 0.3V 


DB11 - DB0 -0.3V to V D d + 0.3V 

Operating Temperature Range 

J, K, L Versions 0 to +70°C 

A, B Versions - 25°C to + 85°C 

S Version - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

Power Dissipation (Any Package) to +75°C lOOOmW 

Derates above + 75°C by 10mW/°C 


a. Vqh to High-Z b. V OL to High-Z 

Figure 2. Load Circuits for Output Float Delay 

CAUTION 


* Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. These are stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, pernianent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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PIN FUNCTION DESCRIPTION 


Pin Pin 

Number Mnemonic 
1 ADDO 


2 CS 

3 DMWR 

4 DMRD 

5 BUSY 


6 

ALFL 

7 

DGND 

8 

Vcc 

9 

DB11 

10-15 

DB10-DB5 

16-19 

DB4-DB1 

20 

DB0 

21 

V DD 

22 

AGND 

23 

REF OUT 

24 

Vin 

25 

Vss 

26 

CONVST 

27 

RESET 

28 

CLK IN 


Function 

Address Input. This control input determines whether the word placed on the output data bus 
during a read operation is a data word from the FIFO RAM or the contents of the status/control 
register. A logic low accesses the data word from Location 0 of the FIFO while a logic 
high selects the contents of the register (see Status/Control Register section). 

Chip Select. Active low logic input. The device is selected when this input is active. 

Data Memory Write. Active low logic input. DMWR is used in conjunc tion with CS low and ADDO 
high to write data to the status/control register. Corresponds to DMWR (ADSP-2 100), R/W 
(MC68000, TMS32020), WE (TMS32010). 

Data Memory READ. Active low logic input. DMRD is used in conjunction with CS low to enable 
the three-state output buffers. Corresponds directly to DMRD (ADSP-2 100), DEN (TMS32010). 

Active low logic output. This output goes low when the ADC receives a CONVST pulse and 
remains low until the track/hold has gone into its hold mode. The three-state drivers of the AD7878 
can be disabled while the BUSY signal is low (see Extended READ/WRITE section). This is 
achieved by writing a logic 0 to DB5 (DISO) of the status/control register. Writing a logic 1 to 
DB5 of the status/control register allows data to be accessed from the AD7878 while BUSY is 
low. 

FIFO Almost Full. A logic low indicates that the word count (i.e., number of conversion results) 
in the FIFO memory has reached the programmed word count in the status/control register. ALFL 
is updated at the end of each conversion. The ALFL output is reset to a logic high when a word 
is read from the FIFO memory. It can also be set high by writing a logic 1 to DB7 (ENAF) of 
the status/control register. 

Digital Ground. Ground reference for digital circuitry. 

Digital supply voltage, + 5V ± 5%. Positive supply voltage for digital circuitry. 

Data Bit 1 1 (MSB). Three-state TTL output. Coding for the data words in FIFO RAM is 
2s complement. 

Data Bit 10 to Data Bit 5 . Three-state TTL input/outputs. 

Data Bit 4 to Data Bit 1 . Three-state TTL outputs. 

Data Bit 0 (LSB). Three-state TTL output. 

Analog positive supply voltage, + 5V ±5%. 

Analog Ground. Ground reference for track/hold, reference and DAC. 

Voltage Reference Output. The internal 3V analog reference is provided at this pin. 

The external load capability of the reference is 500|xA. 

Analog Input. Analog input range is ± 3V. 

Analog negative supply voltage, - 5V ± 5%. 

Convert Start. Logic input. A low to high transition on this input puts the track/hold into its hold 
mode and starts conversion. The CONVST input is asynchronous to CLK IN and independent of 
tS, DMWR and DMRD. 

Reset. Active low log ic input. A logic low sets the words in FIFO memory to 1000 0000 0000 
and resets the ALFL output and status/control register. 

Clock Input. TTL-compatible logic input. Used as the clock source for the A/D converter. The 
mark-space ratio of this clock can vary from 35/65 to 65/35 . 
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STATUS/CONTROL REGISTER 

The status/control register serves the dual function of providing 
control and monitoring the status of the FIFO memory. This 
register is directly accessible through the data bus (DB11 - 
DBO) with a read or write operation while ADDO is high. A 
write operation to the status/control register provides control for 
the ALFL output, bus interface and FIFO counter reset. This 
is normally done on power-up initialization. The FIFO memory 
address pointer is incremented after each conversion and compared 
with a preprogrammed count in the status/control register. When 
this preprogrammed count is reached, the ALFL ou tput is 
asserted if the ENAF control bit is set to zero. This ALFL can 
be used to interrupt the microprocessor after any predetermined 
number of conversions (between 1 and 8). The st atus of the 
address pointer along with sample overrange and ALFL status 
can be accessed at any time by reading the status/control register. 
Note, reading the status/control register does not cause any 
internal data movement in the FIFO memory. Status information 
for a particular word should be read from the status register 
before the data word is read from the FIFO memory. 

STATUS/CONTROL REGISTER FUNCTION 
DESCRIPTION 

DB11 (ALFL) 

Almost Full Flag, Read only. This the same as Pin 6 (ALFL 
output) status. A logic low indicates that the word count in the 
FIFO memory has reached the preprogrammed count in bit 
locations DB10 - DB8. ALFL is updated at the end of 
conversion. 

DB10 - DB8 (AFC2 - AFCO) 

Almost Full Word Count, Read/Write. The count value determines 
the number of words in the FIFO memory which will cause 
ALFL to be set. When the FIFO word count eq uals the pro- 
grammed count in these three bits, then both the ALFL output 
and DB1 1 of the status register are set to a lo gic low . For example, 
when a code of Oil is written to these bits, ALFL is set when 
Location 0 through Location 3 of the FIFO memory contains 
valid data. AFC2 is the most significant bit of the word count. 


The count value can be read back if required. 

DB7 (ENAF) 

Ena ble Alm ost Full, Read/Write. Writing a 1 to this bit disables 
the ALFL output and status register bit DB11. 

DB6 (FOVR/RESET) 

FIFO Overrun/RESET, Read/ Write. Reading a 1 from this bit 
indicates that at least one sample has been discarded because the 
FIFO memory is full. When the FIFO is full (i.e., contains 
eight words) any further conversion results will be lost. Writing 
a 1 to this bit causes a system RESET as per the RESET input 
(Pin 27). 

DB5 (FOOR/DISO) 

FIFO Out of RANGE/Disable Outputs, Read/Write. Reading a 
1 from this bit indicates that at least one sample in the FIFO 
memory is out of range. Writing a 0 to this bit prevents the 
data bus from beco ming act ive while BUSY is low regardless of 
the state of CS and DMRD. 

DB4 (FEMP) 

FIFO Empty, Read Only. Reading a 1 indicates that there are 
no samples in the FIFO memory. When the FIFO is empty the 
internal ripple-down effects of the FIFO are disabled and further 
reads will continue to access the last valid data word in 
Location 0. 

DB3 (SOOR) 

Sample out of Range, Read Only. Reading a 1 indicates that the 
next sample to be read is out of range, i.e., the sample in Location 
0 of the FIFO. 

DB2 - DBO (FCN2 - FCNO) 

FIFO Word Count, Read Only. The value read from these bits 
indicates the number of samples in the FIFO memory. For 
example, reading Oil from these bits indicates that Location 0 
through Location 3 contains valid data. Note, reading all Os 
indicates that there is either one word or no word in the FIFO 
memory; in this case the FIFO Empty determines if there is no 
word in memory. FCN2 is the most significant bit. 


BIT LOCATION 


FiHTil 

DB9 

DB8 

DB7 

DB6 


DB4 

DB3 

QE9I 

DB1 

DBO 

STATUS INFORMATION (READ) 

ALFL 

AFC2 

AFC1 

AFCO 

ENAF 

FOVR 

FOOR 

FEMP 

SOOR 

FCN2 

FCNI 

FCNO 

CONTROL FUNCTION (WRITE) 

X 

AFC2 

AFC1 

AFCO 

ENAF 

RESET 

DISO 

X 

X 

X 

X 

X 

RESET STATUS 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 


X = DON’T CARE Table /. Status/Control Bit Function Description 


ORDERING INFORMATION 1 


Signal-to- 
Noise Ratio 

Data Access 
Time 

Temperature Range and Package Options 2 

0 to +70°C 

Plastic DIP (N-28) 

— 25°C to +85°C 
Hermetic 3 DIP (Q-28) 

-55°C to +125°C 
Hermetic 3 DIP (Q-28) 

70 dB 

57 ns 

AD7878JN 

AD7878AQ 

AD7878SQ 

72 dB 

57 ns 

AD7878KN 

AD7878BQ 


72 dB 

41 ns 

AD7878LN 





PLCC 4 (P-28A) 


LCCC 5 (E-28A) 

70 dB 

57 ns 

AD7878JP 


AD7878SE 

72 dB 

57 ns 

AD7878KP 



72 dB 

41 ns 

AD7878LP 

j 



NOTES 

‘To order MIL-STD-883, Class B processed parts, add/883B to part number. Contact our local sales office for military data sheet. 
2 See Section 14 for package outline information. 

3 Analog Devices reserves the right to ship either ceramic (D-28) packages or cerdip (Q-28) hermetic packages. 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. Available to 883B processing only. 
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INTERNAL FIFO MEMORY 

The internal FIFO memory of the AD7878 consists of eight 
memory locations. Each word in memory contains 13 bits of 
information - 12 bits of data from the conversion result and one 
additional bit which contains information as to whether the 12- 
bit result is out of range or not. A block diagram of the AD7878 
FIFO architecture is shown in Figure 3. 



Figure 3. Internal FIFO Architecture 

The conversion result is gathered in the successive approximation 
register (SAR) during conversion. At the end of conversion this 
result is transferred to the FIFO memory. The FIFO address 
pointer always points to the top of memory, i.e., the uppermost 
location which contains valid data. The pointer is incremented 
after each conversion. A read operation from the FIFO memory 
accesses data from the bottom of the FIFO, i.e., Location 0. 

On completion of the read operation each data word moves 
down one location and the address pointer is decremented by 
one. Therefore, each conversion result from the SAR enters at 
the top of memory, propagates down with successive reads until 
it reaches Location 0 from where it can be accessed by a micro- 
processor read operation. 

The transfer of information from the SAR to the FIFO occurs 
in synchronization with the AD7878 input clock (CLK IN). 

The propagation of data words down the FIFO is also synchronous 
with this clock. As a result, a read operation to obtain data from 
the FIFO must also be synchronous with CLK IN to avoid 
Read/Write conflicts in the FIFO (i.e., reading from FIFO 
Location 0 while it is being updated). This requires that the 
microprocessor clock and the AD7878 CLK IN are derived 
from the same source. 

INTERNAL COMPARATOR TIMING 

The ADC clock, which is applied to CLK IN, controls the 
successive approximation A/D conversion process. This clock is 


internally divided by four to yield a bit trial cycle time of 500ns 
min (CLK IN = 8MHz clock). Each bit decision occurs 25ns 
after the rising edge of this divided clock. The bit decision is 
latched by the rising edge of an internal comparator strobe 
signal. There are 12 bit decisions, as in a normal successive 
approximation routine, and one extra decision which checks if 
the input sample is out of range. In a normal successive approx- 
imation A/D converter, reading data from the device during 
conversion can upset the conversion in progress. This is due to 
on-chip transients, generated by charging or discharging the 
data bus, concurrent with a bit decision. The scheme outlined 
below and shown in Figure 4 describes how the AD7878 overcomes 
this problem. 

The internal com parator st robe on the AD7878 is gated with 
both DMRD and DMWR so that if a read or write operation 
occurs when a bit decision is about to be made, the bit decision 
point is deferred by one CLK IN cycle. In other words, if DMRD 
or DMWR goes low (with CS low) at any time during the CLK 
IN low-time immediately prior to the comparator strobing edge 
(t LO w of Figure 4), the bit trial is suspended for a clock cycle. 
This makes sure that the bit decision is latched at a time when 
the AD7878 is not attempting to charge or discharge the data 
bus, thereby ensuring that no spurious transients occur internally 
near a bit decision point. 

The decision point slippage mechanism is shown in Figure 4 for 
the MSB decision. Normally, the MSB decision occurs 25ns 
after the fourth rising CLK IN edge after CON VST goes high . 
However, in the timing diagram of Figure 4, CS and DMRD or 
DMWR are low in the time period tix>w prior to the MSB 
decision point on the fourth rising edge. This causes the internal 
comparator strobe to be slipped to the fifth rising clock edge. 
The AD7878 will again check during a p eriod t L p W prior to this 
fifth rising clock edge; and if the CS and DMRD or DMWR 
are still low, the bit decision point will be slipped a further 
clock cycle. 

The conversion time for the ADC normally consists of the 13 
bit trials described above and one extra internal clock cycle 
during which data is written from the SAR to the FIFO. For an 
8 MHz input clock this results in a conversion time of 7(jls. 
However, the software routine which services the AD7878 has 
the potential to read 16 times from the device during conversion 
- 8 reads from the FIFO and 8 reads from the status/control 
register. It also has the potential to write once to the status/control 
register. If these 17 (16 read plus 1 write) operations all occur 
during t I O w time periods, it will cause the conversion time to 
slip by 17 CLK IN cycles. Therefore, if read or write operations 
can occur during t LO w periods, it means that the conversion 
time for the ADC can vary from 7|uls to 9.12(jls (assuming 8MHz 
CLK IN). This calculation assumes that there is a slippage of 
one CLK IN cycle for each read or write operation. 



1 DATA VALID * 


Figure 4. Operational Timing Diagram 
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INITIATING A CONVERSION 

Conversion is initiated on the AD7878 by asserting the CON VST 
input. This CON VST input is an asynchronous input which is 
independent of either the ADC or DSP clocks. This is essential 
for applications where precise sampling in time is important. In 
these applications the signal sampling must occur at exactly 
equal intervals to minimize errors due to sampling uncertainty 
or jitter. In these cases the CONVST input is drive n from a 
timer or some precise clock source. On receipt of a CONVST 
pulse, the AD787 8 acknowledges by taking the BUSY output 
low. This BUSY output can be used to ensure no bus activity 
while the track/hold goes from track to hold mode (see Extended 
Read/Write section). The CONVST input must stay low for at 
least two CLK IN periods. The track/hold amplifi er switches 
from the track to hold mode on the rising edge o f CONV ST 
and conversion is also initiated at this point. The BUSY output 
returns high after the CONVST input goes high and the ADC 
begins its successive approximation routine. Once conversion 
has been initiated another conversion start should not be attempted 
until the full conversion cycle has been completed. Figure 5 
shows the timing diagram for the conversion start. 

In applications where precise sampling is not cri tical, th e CO NVST 
pulse can be generated from a microprocessor WR or RD line 
gated with a decoded address (different to the AD7878 CS address). 
Note that the CONVST pulse width must be a minimum of two 
AD7878 CLK IN cycles. 



Figure 5. Conversion Start Timing Diagram 

READ/WRITE OPERATIONS 

The AD7878 read/write operations consist of reading from the 
FIFO memory and reading and writing from th e st a tus/cont rol 
register. These operations are controlled by the CS, DMRD, 
DMWR and ADDO logic inputs. A description of these operations 
is given in the following sections. In addition to the basic read/write 
operations there is an extended read/write oper ation. This can 
occur if a read/write operation occurs during a CONVST pulse. 
This extended read/write is intended for use with microprocessors 
which can be driven into a WAIT state and the scheme is rec- 
ommended for applications where an external timer controls the 
CONVST input asynchronously to the microprocessor read/ 
write operations. 

Basic Read Operation 

Figure 6 shows the ti ming dia gram for a basic read operation on 
the AD7878. CS and DMRD going low accesses data from 
either the status/control register or the FIFO memory. A read 
operation with ADDO low accesses data from the FIFO while a 
read with ADDO high accesses data from the status/control 
register. 



Figure 6. Basic Read Operation 


Basic Write Operation 

A basic write operation to the AD7878 status/control register 
consists of bringing CS and DMWR low with ADDO high. 
Internally these signals are gated with CLK IN to provide an 
internal REGISTER ENABLE signal (see Figure 7). The pulse 
width of this REGISTER ENABLE signal is ef fectively the 
overlap between the CLK IN low time and the DMWR pulse. 
This may result in shorter write pulse widths, data setup times 
and data hold times than those given by the microprocessor. 

The timing on the AD7878 timing diagram of Figure 8 is therefore 
given with respect to the internal REGISTER ENABLE signal 
rather than the DMWR signal. 



Figure 7. DMWR Internal Logic 



♦REGISTER ENABLE = CS + DMWR + CLK IN 


Figure 8. Basic Write Operation 
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Extended Read/Write Operation 

As described earlier, a read/write operation to the AD7878 can 
cause spurious on-chip transients. Should these transients occur 
while the track/hold is going from track to hold mode it may 
result in an incorrect v alue of V IN being held by the track/hold 
amplifier. Because the CONVST input has asynchronous^ capa- 
bility, a read/write operation could occur while CONVST is 
low. The AD7878 allows the read/write operation to occur but 
has the facility to disable its three-state drivers so that there is 
no data bus activity and hence no transients while the track/hoid 
goes from track to hold. 

Writing a logic 0 to DB5 (DISO) of the status/control register 
preven ts the output latches from being enabled while the AD7878 
BUSY signal is low. If a microprocessor r ead/wri te operation 
can occur during the BUSY low time, the BUSY should be 
gated with CS of the AD7878 and this gated signal used to 
stretch the instruction cycle using DMACK (ADSP-2100), 
READY (TMS32020) or DTACK (68000). 

When CONVST goes low the AD7878 acknowledges by bringing 
BUSY low on the next rising edge of CLK IN. With a logic 0 
in DBS, the AD7878 data bus c annot n ow be enabled. If a read/ 
write operation now occurs, the BUSY and CS gated signal 
drives the microprocessor into a WAIT state, thereby extending 
the read/write operation. BUSY goes high on the second rising 
edge of CLK IN after CONVST goes high. The AD7878 data 
outputs are now enabled and the microprocessor is released 
from its WAIT state, allowing it to complete its read/write 
operation to the AD7878. 

The microprocessor cycle time for the read/write operation is 
extended by the CONVST pulse width plus two CLK IN periods 
worst case. This is the maximum le ngth of time for which BUSY 
can be low. Assuming a CONVST pulse width of two CLK IN 
periods and an 8MHz CLK IN, the instruction cycle is extended 
by 500ns maximum. Figure 9 shows the timing diagram for an 
extended read operation. In a similar manner, a write operation 
will be extended if it occurs during a CONVST pulse. 


For processors which cannot be forced into a WAIT state, writing 
a logic 1 into DB5 of the status/control register allows the output 
latches to be enabled while BUSY is low. In this case BUSY 
still goes low as before, but it would not be used to stretch the 
read/write cycle and the instruction cycle continues as normal 
(see Figures 6 and 8). 



Figure 9. Extended Read Operation 


AD7878 DYNAMIC SPECIFICATIONS 

The AD7878 is specified and 100% tested for dynamic performance 
specifications rather than traditional dc specifications such as 
Integral and Differential Nonlinearity. These ac specifications 
provide information on the AD7878’s effect on the spectral 
content of the input signal. Hence the parameters for which the 
AD7878 is specified include SNR, Harmonic Distortion, Inter- 
modulation Distortion and Peak Harmonics. These terms are 
discussed in more detail in the following sections. 

Signal-to-Noise Ratio (SNR) 

SNR is the measured signal-to-noise ratio at the output of the 
ADC. The signal is the rms magnitude of the fundamental. 
Noise is the rms sum of all the nonfundamental signals (excluding 
dc) up to half the sampling frequency (fs/2). SNR is dependent 
upon the number of quantization levels used in the digitization 
process; the more levels, the smaller the quantization noise. The 
theoretical signal-to-noise ratio for a sine wave input is given by 

SNR = (6.02N + 1.76)dB (1) 

where N is the number of bits. Thus for an ideal 12-bit converter, 
SNR - 74dB. 

The output spectrum from the ADC is evaluated by applying a 
sine- wave signal of very low distortion to the V IN input which is 
sampled at a 100kHz sampling rate. A Fast Fourier Transform 
(FFT) plot is generated from which the SNR data can be obtained. 
Figure 10 shows a typical 2048 point FFT plot of the AD7878KN 
with an input signal of 25kHz and a sampling frequency of 
100kHz. The SNR obtained from this graph is 72.6dB. It 
should be noted that the harmonics are included in the SNR 
calculation. 



INPUT FREQUENCY - 25kHz 
SAMPLE FREQUENCY - 100kHz 
SNR - 72.6dB 

T A — 25°C 






ripfirrnH 

w 



I 1 



FREQUENCY - kHz 


Figure 10. AD7878 FFT Plot 


Effective Number of Bits 

The formula given in (1) relates the SNR to the number of bits. 
Rewriting the formula, as in (2), it is possible to get a measure 
of performance expressed in effective number of bits (N). The 
effective number of bits for a device can be calculated directly 
from its measured SNR. 

•«> 


Figure 1 1 shows a typical plot of effective number of bits versus 
frequency for an AD7878KN with a sampling frequency of 
100kHz. The effective number of bits typically falls between 
11.7 and 11.85 corresponding to SNR figures of 72.2 and 
73.1dB. 
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INPUT FREQUENCY - kHz 

Figure 1 7. Effective Number of Bits vs. Frequency 


Harmonic Distortion 

Harmonic Distortion is the ratio of the rms sum of harmonics to 
the fundamental. For the AD7878, Total Harmonic Distortion 
(THD) is defined as: 


THD = 20 Log V (V 2 2 + V 3 2 + V 4 2 + V 5 2 + V 6 2 ) 

V, 

where Vi is the rms amplitude of the fundamental and V 2 , V3, 
V 4 , V5 and V 6 are the rms amplitudes of the second to the sixth 
harmonic. The THD is also derived from the FFT plot of the 
ADC output spectrum. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m,n =0,1, 2, 3 . . . , etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa — fb) while the third order 
terms include (2fa + fb), (2fa-fb), (fa + 2fb) and (fa-2fb). 

Using the CCIF standard, where two input frequencies near the 
top end of the input bandwidth are used, the second and third 
order terms are of different significance. The second order 
terms are usually distanced in frequency from the original sine 
waves, while the third order terms are usually at a frequency 
close to the input frequencies. As a result, the second and third 
order terms are specified separately. The calculation of the 
intermodulation distortion is as per the THD specification where 
it is the ratio of the rms sum of the individual distortion products 
to the rms amplitude of the fundamental expressed in dBs. 

Intermodulation distortion is calculated using an FFT algorithm 
but in this case the input consists of two equal amplitude, low 
distortion sine waves. Figure 12 shows a typical IMD plot for 
the AD7878. 

Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding dc) to the rms value of the 
fundamental. Normally, the value of this specification will be 
determined by the largest harmonic in the spectrum, but for 
parts where the harmonics are buried in the noise floor the 
largest peak will be a noise peak. 



Figure 12. AD7878 IMD Plot 


Histogram Plot 

When a sine wave of a specified frequency is applied to the Vi N 
input of the AD7878 and several million samples are taken, it is 
possible to plot a histogram showing the frequency of occurrence 
of each of the 4096 ADC codes. If a particular step is wider 
than the ideal 1LSB width, then the code associated with that 
step will accumulate more counts than for the code for an ideal 
step. Likewise, a step narrower than ideal will have fewer counts. 
Missing codes are easily seen in the histogram plot because a 
missing code means zero counts for a particular code. Large 
spikes in the plot indicate large differential nonlinearity. 

Figure 13 shows a histogram plot for the AD7878KN with a 
sampling frequency of 100kHz and an input frequency of 25 kHz. 
For a sine-wave input, a perfect ADC would produce a cusp 
probability density function described by the equation: 


P(V) = 


1 

it\/(A 2 - V 2 ) 


where A is the peak amplitude of the sine wave and p(V) the 
probability of occurrence at a voltage V. The histogram plot of 
Figure 13 corresponds very well with this cusp shape. The 
absence of large spikes in this plot indicates small dynamic 
differential nonlinearity (the largest spike in the plot represents 
less than 1/4 LSB of DNL error). The AD7878 has no missing 
codes under these conditions since no code records zero counts. 



INPUT FREQUE 
SAMPLE FREQL 
SAMPLE SIZE = 
T A = 25°C 

\ICY = 10kHz 

ENCY = 100kHz 
7E6 CODES 




1 



0 1024 2048 3072 4095 


CODE 


Figure 13. AD7878 Histogram Plot 
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CONVERSION TIMING 

The track-and-hold on the AD7878 go es from track to hold 
mode on the rising edge of CONVST and the value of Vi N at 
this point is the value which will be converted. However, the 
conv ersion actu ally starts on the next ri sing edge of CLK IN 
after CONVST goes high. If CONVST goes high within ap- 
proximately 30ns prior to a rising edge of CLK IN, that CLK 
IN edge will not be seen as the first CLK IN edge of the conversion 
process, and conversion will not actually start until o ne CLK 
IN cycle later. As a result, the conversion time (from CONVST 
to FIFO update) will vary by o ne clock cycle depending on the 
relationship between CONVST and CLK IN. A conversion 
cycle normally consists of 56 CLK IN cycles (assuming no read / 
write oper ations) which corresponds to a 7|xs conversion time. If 
CONVST goes high within 30ns prior to a rising edge of CLK 
IN, the conversion time will consist of 57 CLK IN cycles, i.e., 
7.125|xs. This effect does not cause track/hold jitter. 

INTERNAL REFERENCE 

The AD7878 has an on-chip temperature compensated buried 
Zener reference (see Figure 14) which is factory trimmed to 3V 
±1%. Internally it provides both the DAC reference and the dc 
bias required for bipolar operation. The reference output is 
available (REF OUT) and is capable of providing up to 500 (x A 
to an external load. 



* ADDITIONAL PINS OMITTED FOR CLARITY 


ANALOG INPUT 

Figure 15 shows the AD7878 analog input. The analog input 
range is ±3V into an input resistance of typically 15kH. The 
designed code transitions occur midway between successive 
integer LSB values (i.e., 1/2LSB, 3/2LSBs, 5/2LSBs .... 

FS - 3/2LSBs). The output code is 2s complement binary with 
1LSB = FS/4096 = 6V/4096 = 1. 46m V. The ideal input/output 
transfer function is shown in Figure 16. 
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Figure 15. AD7S7S Anaiog input 


OUTPUT 

CODE 



Figure 16. Input/Output Transfer Function 


Figure 14. AD7878 Reference Circuit 

The maximum recommended capacitance on REF OUT for 
normal operation is 50pF. If the reference is required for use 
external to the AD7878 it should be decoupled with a 2000 
resistor in series with a parallel combination of a 10|xF tantalum 
capacitor and a 0.1 |xF ceramic capacitor. These decoupling 
components are required to remove voltage spikes caused by the 
AD7878’s internal operation. 

TRACK-AND-HOLD AMPLIFIER 

The track-and-hold amplifier on the analog input of the AD7878 
allows the ADC to accurately convert an input sine wave of 6V 
peak-peak amplitude to 12-bit accuracy. The input bandwidth 
of the track/hold amplifier is much greater than the Nyquist 
rate of the ADC even when operated at its minimum conversion 
time. The 0.1 dB cutoff frequency occurs typically at 500kHz. 
The track/hold amplifier acquires an input signal to 12-bit accuracy 
in less than 2|xs. 

The operation of the track/hold amplifier is transparent to the 
user. The track/hold amplifier goes from its tracking mode to its 
hold mode at the start of conversion on the rising edge of CONVST 
and returns to track mode at the end of conversion. 


OFFSET AND FULL-SCALE ADJUSTMENT 

In most Digital Signal Processing (DSP) applications offset and 
full-scale error have little or no effect on system performance. 
Offset error can always be eliminated in the analog domain by 
ac coupling. Full-scale error effect is linear and does not cause 
problems as long as the input signal is within the full dynamic 
range of the ADC. Some applications may require that the input 
signal span the full analog input dynamic range and accordingly 
offset and full-scale error will have to be adjusted to zero. 

Where adjustment is required offset must be adjusted before 
full-scale error. This is achieved by trimming the offset of the 
op amp driving the analog input of the AD7878 while the input 
voltage is 1/2 LSB below ground. The trim procedure is as 
follows: apply a voltage of -0.73mV (- 1/2 LSB) at V] and 
adjust the op amp offset voltage until the ADC output code 
flickers between 1111 1111 1111 and 0000 0000 0000. 

Gain error can be adjusted at either the first code transition 
(ADC negative full scale) or the last code transition (ADC positive 
full scale). The trim procedures for both cases are as follows: 

Positive Full-Scale Adjust 

Apply a voltage of 2.9978V (FS/2 - 3/2LSBs) at Vj. Adjust R2 
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until the ADC output code flickers between 0111 1111 1110 and 
0111 1111 1111 . 

Negative Full-Scale Adjust 

Apply a voltage of -2.9993V (-FS/2 + 1/2 LSB) at Vi and 
adjust R2 until the ADC output code flickers between 1000 
0000 0000 and 1000 0000 0001. 


INPUT RANGE = ±3V 



Figure 17. AD7878 Full-Scale Adjust Circuit 

MICROPROCESSOR INTERFACING 

The AD7878 high speed bus timing allows direct interfacing to 
DSP processors. Due to the complexity of the AD7878 internal 
logic, only synchronous interfacing is allowed. This means that 
the ADC clock must be the same as or a derivative of the processor 
clock. Suitable processor interfaces are shown in Figures 18 
to 21. 

AD7878 - ADSP-2100/TMS32010/TMS32020 

All three interfaces use an external timer for conversion control. 
This allows the ADC to sample the analog i nput asynchronously 
to the microprocessor. The AD7878 ALFL output interrupts 
the processor when the FIFO preprogrammed word count is 
reached. The processor then reads the conversion results from 
the AD7878 internal FIFO memory. 



•ADDITIONAL PINS OMITTED FOR CLARITY 


Figure 18. AD7878- ADSP-2100 Interface 
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Figure 19. AD7878 - TMS32020 Interface 

The interfaces to the ADSP-2100 and the TMS32020 gate the 
AD7878 CS and the BUSY to provide a signal which drives the 
processor into a wait state if a read/write operation to the ADC 
is attempted while the ADC track/hold amplifier is going from 
the track to the hold mode. This avoids digital feedthrough to 
the analo g circuitry. The TMS 32020 d oes not h ave separate RD 

and WR outputs to drive the AD7878 DMWR and DM RD 

inputs. These are generated from the processor STRB and R/W 
outputs with the addition of some logic gates. 
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Figure 20. AD7878 - TMS32010 Interface 
AD7878 - MC68000 

This interface also uses an external timer for conversion control 
as described for the previous three interfaces. It is discussed 
separately because it needs extra logic due to the nature of its 
interrupts. The MC68000 has eight levels of external interrupt. 
When interrupting this proce ss or one of these levels (0 to 7) has 
to be encoded onto the IPL2 - IPLO inputs. This is achieved 
with a 74148 encoder in Figure 21, (interrupt Level 1 is taken 
for example purposes only). The MC68000 places this interrupt 
level on address bits A3 to A 1 at the start of the interrupt service 
routine. Additional logic is used to decode this interrupt level 
on th e address bus and the FC2 - FC0 outputs to generate a 
VP A signal for the MC68000. This results in an auto vectored 
interrupt, the start address for the service routine must be loaded 
into the appropriate auto vector location during initialization. 

For further information on the 68000 interrupts consult the 
68000 users manual. 
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The MC 68000 AS and R/W outputs are used to generate separate 
DMWR and DMRD inputs for the AD7878. As with the previous 
three interfaces described earlier, WAIT states are inserted if a 
read/write operation is attempted while the track/hold amplifier 
is going from the track to the hold mode. 


CLOCK 
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Figure 21. AD7878 - MC68000 Interface 

Typical AD7878 Microprocessor Operating Sequence 
After power up or reset the status/control re gister is initialized 
by writing to the AD7878. This enables the ALFL output if 
required for a microprocessor interrupt and sets the effective 
word length of the FIFO memory. The processor now executes 
the main body of the program while waiting for an ADC interrupt. 
This interrupt will occur when the preprogrammed number of 
samples are collected in the FIFO memory. The interrupt service 
routine first interrogates DB5(FOOR) of the status/control register 
to determine if any sample in the FIFO memory is out of range. 
If all data samples are valid then the program proceeds to read 
the FIFO memory. If, on the other hand, at least one sample is 
out of range then an overrange routine is called. 

There are many actions which can be taken by the out of range 
routine, the selection of which is application dependent. One 
option is to ignore all the current samples residing in the FIFO 
memory, reinitialize the status/control register and return to the 
main body of the program. Another option is to check the indi- 
vidual out of range status of each word in the FIFO memory 
and discard the invalid ones. The underrange or overrange 
status of each word can also be determined and the analog input 
adjusted accordingly before returning to the main program. 

Note there is no need to check the out of range status if the 
analog input is always assured to be within range. 


THROUGHPUT RATE 

The AD7878 has a maximum specified throughput rate (sample 
rate) of 100kHz. This is a worst case test condition and specifi- 
cations apply for reduced sampling rates provided the Nyquist 
criteri on is obey ed. The throughput rate must take into account 
ADC CONVST pulse width, ADC conversion time and the 
track/hold amplifier acquisition time. The time required for 
each of these tasks is shown in Table II for a selection of DSP 
processors. Since the ADC clock has to be synchronized to the 
microprocessor clock, the conversion time depends on the 
microprocessor used. In addition, time must be allowed for 
reading data from the AD7878. If this task is performed during 
the track/hold amplifier acquisition period then it does not 
impact on the overall throughput rate. However, if the read 
operations occur during a conversion, then they may stretch the 
conversion time and reduce the track/hold amplifier acquisition 
time. The track/hold amplifier requires a minimum of 2fxs to 
operate to specification. The time required to read from the 
AD7878 depends on the number of FIFO memory locations to 
be read and the software organization. 

As an example, consider an application using the ADSP-2100 
and the AD7878 with a thr oughput rate of 100kHz. The time 
required for the CONVST pulse and the ADC conversion is 
7.375|xs. This leaves 2.625jxs for the track/hold acquisition time 
and for reading the ADC (both operations occurring in parallel). 
The ADSP-2100, when operating from a 32MHz clock, has an 
instruction cycle of 125ns and an interrupt response time of 
500ns. This allows adequate time to perform 16 read operations 
within the time budget allowed. 



CONVST 
Pulse Width 

Conversion 

Time 

T/H Acquisition 
Time 

Number of 
Clock Cycles 

2 min 

57 max 

Non- 

Applicable 

ADSP-2100 1 

250ns min 

7.125ns max 

2|xs min 

TMS32010 2 

400ns min 

11.14nsmax 

2jxs min 

TMS32020 2 

400ns min 

11.14(xsmax 

2|xs min 


NOTES 

1 ADSP-2 100 Clock Freq. = 32MHz 
2 TMS320XX Clock Freq. = 20MHz 


Table II. AD7878 Throughput Rate 

APPLICATION HINTS 

Good printed circuit board (PCB) layout is as important as the 
overall circuit design itself in achieving high speed A/D per- 
formance. The AD7878 is required to make bit decisions on an 
LSB size of 1.465mV. To achieve this, the designer has to be 
conscious of noise both in the ADC itself and in the preceding 
analog circuitry. Switching mode power supplies are not recom- 
mended as the switching spikes will feed through to the comparator 
causing noisy code transitions. Other causes of concern are 
ground loops and digital feedthrough from microprocessors. 
These are factors which influence any ADC, and a proper PCB 
layout which minimizes these effects is essential for best 
performance. 

LAYOUT HINTS 

Ensure that the layout for the printed circuit board has the 
digital and analog signal lines separated as much as possible. 
Take care not to run any digital track alongside an analog signal 
track. Guard (screen) the analog input with AGND. 
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Establish a single point analog ground (star ground) separate 
from the logic system ground at Pin 22 (AGND) or as close as 
possible to the AD7878 as shown in Figure 22. Connect all 
other grounds and Pin 7 (AD7878 DGND) to this single analog 
ground point. Do not connect any other digital grounds to this 
analog ground point. Low impedance analog and digital power 
supply common returns are essential to low noise operation of 
the ADC, so make the foil width for these tracks as wide as 
possible. The use of ground planes minimizes impedance paths 
and also guards the analog circuitry from digital noise. The 
circuit layout of Figures 25 and 26 have both analog and digital 
ground planes which are kept separated and only joined together 
at the AD7878 AGND pin. 

NOISE 

Keep the input signal leads to V IN and signal return leads from 
AGND (Pin 22) as short as possible to minimize input noise 
coupling. In applications where this is not possible use a shielded 
cable between the source and the ADC. Reduce the ground 
circuit impedance as much as possible since any potential difference 
in grounds between the signal source and the ADC appears as 
an error voltage in series with the input signal. 



Figure 22. Power Supply Grounding Practice 

DATA ACQUISITION BOARD 

Figure 23 shows the AD7878 in a data acquisition circuit which 
will interface directly to either the ADSP-2100, TMS32010 or 
the TMS32020. The corresponding printed circuit board (PCB) 
layout and silkscreen are shown in Figures 24 to 26. 

The only additional component required for a full data acquisition 
system is an antialiasing filter. There is a component grid provided 
near the analog input on the PCB which may be used for such a 
filter or any other conditioning circuitry. To facilitate this option, 
a wire link (labelled LK1 on the PCB) is required on the analog 
input track. This link connects the input signal to either the 
component grid or directly to the buffer amplifier driving the 
AD7878 analog input. 

Microprocessor connections to the PCB can be made by either 
of two ways: 

1. 96-contact (3 ROW) Eurocard connector. 

2. 26-contact (2 ROW) IDC connector. 

The 96-contact Eurocard connector is directly compatible with 
the ADSP-2100 Evaluation Board Prototype Expansion Connector. 
The expansion connector on the ADSP-2100 has eight decoded 
chip enable outputsjabelled ECE8 to ECE1. ECE6 is used to 
drive the AD7878 CS input on the data acquisition board. To 
avoid selecting onboard RAM sockets at the same time, LK6 on 
the ADSP-2100 board must be removed. In addition, the expansion 


connector on the ADSP-2100 has four interrupts labelled EIRQ3 
to EIRQO. The AD7878 ALFL output connects to EIRQO. The 
AD7878 and ADSP-2100 data lines are aligned for left justified 
data transfer. 

The 26-wav IDC connector contains all the necessary contacts 
for both the TMS32010 and TMS32020. There are two switches 
on the data acquisition board that must be set to enable the 
appropriate interface configuration (see Table III). The interface 
connections for the TMS320 10/32020 and IDC signal contact 
numbers are shown in Table IV and Figure 23. Note the AD7878 
CS input must be decoded from the address bus prior to the 
AD7878 evaluation board for the TMS320XX interfaces. 

Connections to the analog input (Vin) and the CON VST input 
are via two B NC sockets labelled SKT1 and SKT2 on the silk- 
screen. If the CON VST input is derived from either the micro- 
processor or ADC clock, the effects of clock noise coupling will 
be reduced. 


SWITCH SETTING 


Microprocessor 

SW1 

SW2 

ADSP-2100 

A 

A 

TMS32010 

B 

A 

TMS32020 

B 

B 


Table III. AD7878 PCB Switch Settings 


POWER SUPPLY CONNECTIONS 

The PCB requires two analog supplies and one 5V digital supply. 
Connections to the analog supplies are made directly to the PCB 
as shown on the silk screen in Figure 24. The connections are 
labelled V + and V - and the range for both of these supplies is 
12V to 15V. Connection to the 5V digital supply is made through 
either of the two microprocessor connectors. The 4- 5V and 
- 5 V analog power supplies required by the AD7878 are generated 
from two voltage regulators on the V + and V - power supply 
inputs (IC3 and IC4 in Figure 23). 


COMPONENT LIST 


IC1 

AD711 Op Amp 

IC2 

AD7878 Analog-to-Digital 
Converter 

IC3 

MC78L05 5V Regulator 

IC4 

MC79L05 -5V Regulator 

IC5* 

74HC00 Quad NAND Gate 

IC6* 

74HC04 Hex Inverter 

IC7 

74HC02 Quad NOR Gate 

SW1 

Single Pole Double Throw 

SW2 

Double Pole Double Throw 

LK1 

Wire Link for Analog Input 

C1,C3,C5,C7,C9 

C11,C13,C15 

10|xF Capacitors 

C2,C4, C6,C8,C10 
C12,C14,C16 

0.1 |xF Capacitors 

R1*,R2* 

lOkil Resistors 

SKT1, SKT2 

BNC Sockets 

SKT3 

26-Contact (2 Row) IDC 
Connector 

SKT4 

96-Contact (3 Row) Eurocard 
Connector 


*Not required for ADSP-2100 Interface 
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INPUT 
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Figure 23. Data Acquisition Circuit Using the AD7878 
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Figure 24. PCB Si/kscreen fo r Figure 23 
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Figure 25. PCB Component Side Layout for Figure 23 



Figure 26. PCB Solder Side Layout for Figure 23 
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IDC 

Contact No. 

Signal Connect 
Mnemonic 

TMS32010 

Signal 

TMS32020 

Signal 

1 

R/W 

_ 

R/W 

2 

STRB 

- 

STRB 

3 

DMRD 

DEN 

- 

4 

DMWR 

WE 

_ 





5 

CS 

CS 

CS 

6 

READY 

- 

READY 

7 

RESET 

RESET 

RESET 

8 

ALFL 

INT 

INT 

9 

ADDO 

PAO 

AO 

10 

CLK 

CLKOUT 

CLKOUT2 

11 

DB10 

DIO 

DIO 

12 

DB11 

Dll 

Dll 

13 

DB8 

D8 

D8 

14 

DB9 

D9 

D9 

15 

DB6 

D6 

D6 

16 

DB7 

D7 

D7 

17 

DB4 

D4 

D4 

18 

DB5 

D5 

D5 

19 

DB2 

D2 

D2 

20 

DB3 

D3 

D3 

21 

DBO 

DO 

DO 

22 

DB1 

D1 

D1 

23 

5V 

5V 

5V 

24 

5V 

5V 

5V 

25 

GND 

GND 

GND 

26 

GND 

GND 

GND 


Table IV. TMS32010/TMS32020 Interface Connections 
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FEATURES 

77MSPS Encode Rate 
Bipolar Input Range 
Low Error Rate 
Overflow Bit 

APPLICATIONS 
QAM Telecommunications 
Electronic Warfare (ECM, ECCM, ESM) 
Radar Guidance Digitizers 


AD9000 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The AD9000 is a 6-bit, high-speed, analog-to-digital converter 
with ECL compatible outputs and a bipolar input stage. The 
AD9000 is fabricated in a high-performance bipolar process 
which allows encode rates up to 77MSPS. 

The AD9000 employs the standard flash converter architecture 
based on 64 individual comparators which simultaneously deter- 
mine the precise analog signal level. The comparators are followed 
by two stages of decoding logic, allowing the AD9000 to operate 
with a very low error rate. The low 35pF input capacitance of 
the AD9000 greatly simplifies the analog driver stage. Also 
incorporated into the AD9000 design is an overflow output bit 


15) OVERFLOW 
M) MSB 
13) BIT 2 
J2)BIT 3 
7) BIT 4 


as well as a hysteresis control pin to modify comparator 
sensitivity. 

The AD9000 is offered as both an commercial temperature 
range device 0 to + 70°C, and as an extended temperature range 
device -55°C to + 125°C. Both versions are available packaged 
in a 16-pin ceramic DIP. The extended temperature range device 
is also available in a 28-pin ceramic LCC package. The extended 
temperature range versions are offered as fully compliant MIL- 
STD-883B devices. 


PIN DESIGNATIONS 


• iO DIG,TALGR0UND 

77] OVERFLOW 
77] BIT 1 (MSB) 

A09000 m B,T2 

TOP VIEW "7n RIT 

(Not to Scale) ill BIT3 

77] BIT 4 
77] BIT 5 

TlBIT6(LSB) 


> o 

1 00 z z 
1 28 27 26 


AD9000 
TOP VIEW 
(Not to Scale) 


ENCODE 7 3 
NC 8 J) 
NC 9 J 
-Vref 10 i 
NC 11 ) 


12 13 14 15 16 17 18 

OO 2 o> £ o O 

2 Z < > S 2 Z 

+ > 

NC = NO CONNECT + 


1 25 OVERFLOW 
24 BIT 1 (MSB) 
23 BIT 2 
22 BIT 3 
21 BIT 4 
20 BIT 5 
19 BIT 6 (LSB) 


ORDERING INFORMATION 


Device 

Temperature Range 

Description 

Package 

Options* 

AD9000JD 

0 to 4- 70°C 

16-Pin DIP, Industrial 

D-16 

AD9000SD/883C 

-55°Cto + 125°C 

16-Pin DIP, MIL-STD-883B, REV. C 

D-16 

AD9000SE/883C 

— 55°Cto + 125°C 

28-Pin LCC, MIL-STD-883B, REV. C 

E-28A 


*See Section 14 for package outline information. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Positive Supply Voltage -0.3V to +6V 

Negative Supply Voltage -6.0V to + 0.3V 

Analog-to-Digital Ground Voltage Differential 0.5 

Analog Input Voltages (Ansr, + Vre F , -Vre F ) 2 ±3V 

Differential Reference Voltage ( + Vre F to -Vre F ) 3 . . . . 6V 

ENCODE Input Voltage - V s to 0V 

HYSTERESIS Control Voltage 0Vto+3.QV 

Digital Output Current 20mA 


Power Dissipation ( + 25°C Free Air) 4 745mW 

Operating Temperature Range 

AD9000JD 0 to + 70°C 

AD9000SD/SE/883C - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Jtmction Temperature + 175°C 

Lead Soldering Temperature (lOsec) + 300°C 


ELECTRICAL CHARACTERISTICS 

(Supply Voltages = - 5.2V and + 5.0V; Differential Reference Voltage = 2.0V unless otherwise stated) 


Parameter 

Sub- 

Group 5 

Temp 

Min 

AD9000JD 

Typ 

Max 

AD9000SD/SE/883B 

Min Typ Max 

Units 

RESOLUTION 



6 

6 

Bits 

DC ACCURACY 










Differential Linearity 

7 

+ 25°C 


0.25 

0.5 


0.25 

0.5 

LSB 


8 

Full 



1.0 



1.0 

LSB 

Integral Linearity 

7 

+ 25°C 


0.25 

0.5 


0.25 

0.5 

LSB 


8 

Full 



1.0 



1.0 

LSB 

No Missing Codes 

7,8 

Full 


GUARANTEED 


GUARANTEED 


INITIAL OFFSET ERROR 










Top of Reference Ladder 

7 

+ 25°C 


0.3 

7/8 


0.3 

7/8 

LSB 


8 

Full 



1.5 



1.5 

LSB 

Bottom of Reference Ladder 

7 

+ 25°C 



7/8 


0.25 

7/8 

LSB 


8 

Full 



1.5 



1.5 

LSB 

Offset Drift Coefficient 


Full 


145 



145 


|xV/°C 

ANALOG INPUT 










Input Voltage Range 


Full 


±2.0V 



±2.0V 


V 

Input Bias Current (Sampling) 6 

1,2,3 

Full 



800 



800 

(jlA 

Input Bias Current (Latched) 6 

1,2,3 

Full 



20 



20 

|xA 

Input Resistance 


+ 25°C 


3.0 



3.0 


kn 

Input Capacitance 

12 

+ 25°C 


35 

50 


35 

50 

pF 

Full Power Bandwidth 7 


+ 25°C 


20 



20 


MHz 

REFERENCE INPUT 2,3 










Reference Ladder Resistance 

1 


80 


200 

80 


200 

a 

Ladder Temperature Coefficient 




0.275 



0.275 


arc 

Reference Input Bandwidth 




20 



20 


MHz 

DYNAMIC PERFORMANCE 8 










Conversion Rate 

4 

+ 25°C 

50 

70 


75 

77 


MHz 

Conversion Time ( + 1 Clock) 

4 

+ 25°C 



20 



13.3 

ns 

Aperture Delay (t D ) 


+ 25°C 


2 



2 


ns 

Aperture Uncertainty (Jitter) 


+ 25°C 


25 



25 


ps 

Output Propagation Delay (t PD ) 9 

9 

+ 25°C 

8 


12 

8 


12 

ns 

Output Hold Time (ton) 10 

9 

+ 25°C 

8 


14 

8 


14 

ns 

T ransient Response 1 1 


+ 25°C 


13 



13 


ns 

Overvoltage Recovery Time 12 


+ 25°C 


11 



11 


ns 

Output Rise Time 13 

9 

+ 25°C 



5.0 



4.5 

ns 

Output Fall Time 13 

9 

+ 25°C 



5.0 



4.5 

ns 

Output Time Skew 


+ 25°C 


0.4 

i 


0.4 


ns 
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Parameter 

Sub- 

Group 5 

Temp 

AD9000JD 

Min Typ Max 

AD9000SD/SE/883B 

Min Typ Max 

Units 

ENCODE INPUT 






Logic “1” Voltage 

7,8 

Full 

-1.1 

-1.1 

V 

Logic “0” Voltage 

7,8 

Full 

-1.5 

-1.5 

V 

Logic “1” Current 

7,8 

Full 

100 

100 

|xA 

Logic “0” Current 

7,8 

Full 

100 

100 

pA 

Input Capacitance 

12 

+ 25°C 

2.5 5.0 

2.5 5.0 

pF 

ENCODE Pulse Width High (tpwn) 

4 

+ 25°C 

6.6 

6.6 

ns 

ENCODE Pulse Width Low (tpwO 

4 

+ 25°C 

6.6 

6.6 

ns 

AC LINEARITY 14 






Dynamic Linearity 15 


+ 25°C 

0.5 

0.5 

LSB 

In-Band Harmonics 






(DCtolMHz) 


+ 25°C 

44 

44 

Epa 

(IMHztoSMHz) 


+ 25°C 

42 

42 

ESS 

(5MHz to 8MHz) 


+ 25°C 

38 

38 

na 

Signal to Noise Ratio 16 

12 

+ 25°C 

31 33 

31 33 

dB 

Signal to Noise Ratio 17 

12 

+ 25°C 

40 42 

40 42 

dB 

Two Tone Intermodulation Rejection 18 


+ 25°C 

46 

46 

dBc 

Noise Power Ratio (NPR) 19 


+ 25°C 

30 

30 

dBc 

DIGITAL OUTPUTS 8 






Logic “1” Voltage 

1,2,3 

Full 

-1.1 

-1.1 

V 

Logic “0” Voltage 

1,2,3 

Full 

-1.5 

-1.5 

V 

POWER SUPPLY 20 






Positive Supply Current ( + 5 .0V) 

1 

+ 25°C 

60 70 

60 70 

mA 


2,3 

Full 

75 

75 

mA 

Negative Supply Current ( - 5 .2V) 

1 

+ 25°C 

68 80 

68 80 

mA 


2,3 

Full 

85 

85 

mA 

Nominal Power Dissipation 


+ 25°C 

675 

675 

mW 

Reference Ladder Dissipation 


+ 25°C 

20 | 

20 

mW 


NOTES 

’Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

2 Under normal operating conditions, the analog input voltages should not 
exceed nominal ± 2V operating range, nor the supply voltages 
( + V S and — Vs), whichever is smaller. 

3 Under normal operating conditions the differential reference voltage may 
range from ±0.5V to ±2V; +V RE f Ss ~ V REF . 

'’Typical thermal impedances . . . 

16-Pin Ceramic 0 ja = 67°C/W; 0 jc = 7°C/W 

28-Pin LCC 0 ja = 62°C/W; 0 jc = 14°C/W 

5 Subgroups apply to military qualified devices only. 

6 A in = + V REE . 

7 Determined by 3dB reduction in reconstructed output at 75MSPS. 


8 Output terminated with lOOfl resistors to -2.0V. 

’Measured from the leading edge of ENCODE to data out on Bit 1 (MSB). 
10 Measured from the trailing edge of ENCODE to data out on Bit 1 (MSB). 
11 For full-scale step input, 6-bit accuracy is attained in specified time. 
12 Recovers to 6-bit accuracy in specified time, after 150% full-scale 
input overvoltage. 

13 Measured on Bit 1 (MSB) only. 

14 Measured at 50MSPS encode rate. 

15 Analog input frequency = 15MHz. 

16 RMS signal to RMS noise, with 540kHz analog input signal. 
17 Peak-to-peak signal to rms noise, with 540kHz analog input signal. 
l8 F, =9.3 MHz; f 2 = 7.6MHz; Encode = 42MHz. 

19 DC to 8.2MHz noise bandwidth with 3.886MHz slot. 

20 Supply voltage should remain stable within ± 5% for normal operation. 
Specifications subject to change without notice. 


EXPLANATION OF SUBGROUPS 

Subgroup 1 - Static tests at + 25°C. 

Subgroup 2 - Static tests at max rated operating temp. 
Subgroup 3 - Static tests at min rated operating temp. 
Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at max rated operating temp. 
Subgroup 6 - Dynamic tests at min rated operating temp. 
Subgroup 7 - Functional tests at + 25°C. 


Subgroup 8 - Functional tests at max and min rated 
operating temp. 

Subgroup 9 - Switching tests at 4- 25°C. 

Subgroup 10 - Switching tests at max rated operating temp. 
Subgroup 11 - Switching tests at min rated operating temp. 
Subgroup 12 - Periodically sample tested. 
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FUNCTIONAL DESCRIPTION 


PIN NAME 

-V s 

ANALOG GROUND 

VhYSTERESIS 

ENCODE 


- Vref 

ANALOG INPUT 
+ V S 

+ Vref 
BIT 6 (LSB) 

BIT 5 -BIT 2 
BIT 1 (MSB) 
OVERFLOW 
DIGITAL GROUND 


DESCRIPTION 

Negative supply terminal, nominally -5.2V. 

Analog ground return. All grounds should be connected together near the the AD9000. 

The hysteresis control voltage varies the comparator hysteresis from 15mV to 50mV, for a change of OV 
to + 3V at the hysteresis control pin. 

The ENCODE pin controls the conversion cycle. Encode is rising edge sensitive and should be driven 
with a 50% duty-cycle waveform under normal conditions. 

The most negative reference voltage for the internal resistor ladder. 

Analog input pin. 

Positive supply terminal, nominally + 5.0V. 

Most positive reference voltage of the internal resistor ladder. 

One of six digital outputs. BIT 6 (LSB) is the least-significant-bit of the digital output. 

One of six digital outputs. 

One of six digital outputs. BIT1 (MSB) is the most-significant-bit of the digital output. 

Overflow data output. Logic high indicates an input overvoltage (AinS* + Vref)- 
Digital ground return. All grounds should be connected together near the AD9000. 


+ V REF +V S 



AD9000 Functional Block Diagram 



APERTURE DELAY 
OUTPUT PROPAGATION DELAY 
MINIMUM OUTPUT HOLD TIME 
MINIMUM ENCODE PULSE WIDTH HIGH 
MINIMUM ENCODE PULSE WIDTH LOW 
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AD9000 


ABOUT THE AD9000 
Analog Bandwidth 

Quantifying the high-frequency analog performance of the AD9000 
is somewhat difficult because of the various criteria that can be 
applied. At one extreme there is the analog input bandwidth of 
a single input comparator (which tends to be extremely high). 

At the other end of the performance criteria is the “no missing 
codes” restriction, which tends to be the most conservative 
measure of analog bandwidth. 

The “no missing codes” criteria simply means that the converter 
is capable of generating all 64 output codes for an analog and 
ENCODE frequency. At higher ENCODE rates to analog fre- 
quencies, the converter continues to function, but with reduced 
resolution. The graph below details the “no missing codes” 
region of operation for the AD9000 at several reference levels. 
Note that nearly all analog-to-digital converter applications 
operate in the oversampled region to avoid generation of inde- 
terminate data (aliasing). 


S 



-150 -100 -50 0 50 100 150 


A in (a COMPARATOR INPUT- mV 



Analog Input vs. Encode Rate "No Missing Codes" 

High-Speed Performance Enhancements 

The AD9000 employs a hysteresis control pin which affects 
comparator sensitivity. The error rate (number of full-scale 
errors in a given period) is directly affected by the comparator 
sensitivity. By varying the voltage on the hysteresis control pin, 
the error rate can be reduced. The AD9000 is capable of extremely 
low error rate operation, which makes it ideal for error sensitive 
applications like QAM demodulation. If the hysteresis control 
pin is used, it should be decoupled to ground through a 0.1 p-F 
capacitor, otherwise it may be left floating. 

At the highest encode rates, overall accuracy can be improved 
by skewing the ENCODE signal duty-cycle to allow more time 
in the “latch” mode. Specifically, extending the logic HIGH 
portion of the ENCODE signal allows the comparators more 
time to achieve an appropriate logic level prior to the decoding 
cycle that begins on the rising edge of the ENCODE pulse. 


Comparator Switching vs. Hysteresis Voltage 


Layout Considerations 

The AD9000, like all high-speed circuits, requires certain pre- 
cautions be taken to insure optimum performance. The foremost 
of these is the use of a substantial low impedance ground plane 
around and under the AD9000. Just as important are high quality 
ground connections to the AD9000 itself. It is probably more 
effective to keep the analog and digital grounds separate, except 
at the AD9000 where they should be connected together. Sockets 
should generally be avoided due to the increased interlead capaci- 
tance they induce. If socketing must be used, pin sockets are 
preferred. 

Decoupling is especially important to high-speed analog circuits. 
Each supply should be decoupled to ground with 0.1 |xF ceramic 
and 0.001 |xF mica capacitors. The ladder reference pins should 
be treated in a similar manner. In addition to decoupling the 
reference ladder, the reference ladder should be driven from a 
low output impedance source for the best noise rejection. In all 
cases, chip capacitors are recommended, where practical, to 
reduce the effects of lead inductance associated with standard 
discrete capacitors. 

MIL-STD-883 Compliance Information 

The AD9000SE/SD/883C are classified within microcircuits 
group 57-technology group D (bipolar A/D converters), and are 
constructed in accordance with the latest revision of MIL-STD- 
883. The AD9000 is electrostatic sensitive and falls within elec- 
trostatic sensitivity classification Category A. PDA (Percent 
Defective Allowance) is computed based of Subgroups 1 of the 
specified Group A test list. QA screening is in accordance with 
“Alternate Method A” of method 5005. The following apply: 
Bum-In per 1015, Life Test per 1005, Electrical Testing per 
5004. (Note: Group A electrical Testing assumes T a = Tc = Tj.) 
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TYPICAL APPLICATION 

The AD9000 is a relatively flexible device which can be configured 
in a number of ways. One very useful feature of the AD9000 is 
the open emitter outputs. The open emitters allow the outputs 
of several AD9000s to be OR- WIRED in stacking applications 
for increased resolution. This kind of application depends on 
the retum-to-zero nature of the output bits when Ain^ + Vref 
( overflow). In circuits which employ only one AD9000, this is 
not always an advantage. The circuit below illustrates one method 
of converting the outputs to nonreturn- to-zero. 

The 10197 (standard 10K ECL logic) hex-AND group senses 
the active OVERFLOW output and forces all other bits to logic 


HIGH. The 10151 latch is not required for AD9000 applications, 
but it may ease data transfer sensitivities in asnychronous data 
collection systems. 

The reference driver circuits should provide a low source im- 
pedance to prevent noise on the reference inputs from affecting 
the AD9000’s accuracy. This is accomplished to a large extent 
by adequately decoupling the reference pins to ground. An 
improved method is employed below. The reference voltages 
( + Vref, - Vref) are buffered by a transistor/amplifier combi- 
nation. This has the advantages of wide bandwidth (hence low 
impedance over a wide frequency range to eliminate high frequency 
noise components), and improved temperature stability. 



-2.0V THROUGH 100ft RESISTORS 


DIE LAYOUT 


MECHANICAL INFORMATION 


BIT 2 BIT 4 



/ \ \ 
V M ENCODE -V RtEF 


Die Dimensions 
Pad Dimensions 
Metalization 
Backing 

Substrate Potential 
Passivation 
Die Attach 
Bond Wire 


129x217x15 (±2) mils 
4x4mils 
10,000A Aluminum 
None 
-V s 

10,000A Oxynitride 
Gold Eutectic 
1 .25 mil Aluminum; Ultrasonic Bonding 
or Imil Gold; Gold Ball Bonding 
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+ 5.0V 


-5.2V 


AD9000 



ALL RESISTORS ±5% 

ALL CAPACITORS ±20% 

ALL SUPPLY VOLTAGES ±5% 

OPTION #1: (STATIC) ADI = 0.0V, AD2= LOGIC HIGH 
OPTION #2: (DYNAMIC) SEE WAVEFORMS 





Burn-In Test Circuit 
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AD9000/PCB EVALUATION AND TEST BOARD 

Evaluating and testing the AD9000 is greatly simplified with the 
AD9000/PCB evaluation board. The printed circuit board contains 
all of the driver and buffering circuits needed to test and evaluate 
the AD9000. The board outputs include both a high quality 
reconstructed representation of the input waveform, and a dc 
error waveform output which can be used to determine device 
linearities. 


Inputs to the AD9000/PCB evaluation board include the analog 
signal to be digitized, as well as an optional ENCODE input for 
high stability measurements. All components, except the AD9000, 
are soldered onto the 8.5" x 6.3" board. The AD9000 is socketed 
to facilitate moderate volume testing. The evaluation board is 
offered with either a commercial temperature range AD9000, or 
an extended temperature range device installed. 

The respective ordering numbers are AD9000JD/PCB and 
AD9000SD/PCB. 


ANALOG 

IN 


ENCODE 

PULSE 



AD9000/PCB Block Diagram 
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ANALOG 

DEVICES 


High Speed 8-Bit 
Monolithic A/D Converter 


AD9002 


FEATURES 

150MSPS Encode Rate 
Low Input Capacitance: 17pF 
Low Power: 750m W 
-5.2V Single Supply 

APPLICATIONS 
Radar Systems 

Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 
Communication/Signal Intelligence 


GENERAL DESCRIPTION 

The AD9002 is an 8-bit, high speed, analog-to-digital converter. 
The AD9002 is fabricated in an advanced bipolar process which 
allows operation at sampling rates in excess of 150 megasamples/ 
second. Functionally, the AD9002 is comprised of 256 parallel 
comparator stages whose outputs are decoded to drive the ECL 
compatible output latches. 

An exceptionally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9002 allows very accurate acquisition of 
high speed pulse inputs, without an external track-and-hold. 

The comparator output decoding scheme minimizes false codes 
which is critical to high speed linearity. 

The AD9002 provides an external hysteresis control pin which 
can be used to optimize comparator sensitivity to further improve 
performance. Additionally, the AD9002’s low power dissipation 
of 750m W makes it usable over the full extended temperature 


AD9002 FUNCTIONAL BLOCK DIAGRAM 



range. The AD9002 also incorporates an overflow bit to indicate 
over range inputs. This overflow output can be disabled with the 
overflow inhibit pin. 

The AD9002 is available in two grades, one with 0.5LSB linearity 
and one with 0.75LSB linearity. Both versions are offered in an 
industrial grade, - 25°C to -I- 85°C, packaged in a 28-pin DIP 
and a 2 8 -pin PLCC. The military temperature range devices, 

- 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 



DIP 


DIGITAL GROUND |~7~ 

• 

2lT| DIGITAL -V s 

OVERFLOW INH [Tj 


~27~| OVERFLOW 

HYSTERESIS [T 


~26~1 0 b (MSB| 

+ V REF (T 


si D > 

ANALOG INPUT [~S~ 


24] D s 

ANALOG GROUND |~6~ 


17] DIGITAL GROUND 

ENCODE f~7~ 

AD9002 

7T| ANALOG -V s 

ENCODE [IT 

TOP VIEW 
(Not to Scale) 

~7T| ANALOG -V s 

ANALOG GROUND (T 


~2o[ DIGITAL GROUND 

ANALOG INPUT [~uT 


si D 5 

-V REF [TT 


li] d 4 

REF M | D QT 


17] d 3 

DIGITAL GROUND [TT 


7s~| d 2 

DIGITAL -V s [l4~ 


~15~| D, (LSB) 


PIN DESIGNATIONS 
LCC 


J. 2 « 

1 S 1 
5oa* 
28 27 26 


*SEE FUNCTION DESCRIPTIONS 
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i s 


PLCC 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ( - V s ) - 6V 

Analog- to-Digital Supply Voltage Differential 0.5V 

Analog Input Voltage -V s to+0.5V 

Digital Input Voltage -V s to 0V 

Reference Input Voltage ( + Vre F - V RE f ) 2 • -3.5V to 0.1 V 

Differential Reference Voltage 2.1V 

Reference Midpoint Current . . ± 4mA 

ENCODE to ENCODE Differential Voltage ........ 4V 


Digital Output Current 20mA 

Operating Temperature Range 

AD9002AD/BD/AN/BN/AP/BP -25°Cto +85°C 

AD9002SE/SD/TD/TE - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature 3 + 175°C 

Lead Soldering Temperature (lOsec) + 300°C 


Electrical Characteristics (— V s = -5.2V; Differential Reference Voltage = 2.0V, unless otherwise stated) 


Parameter 

Temp 

Test 

Level 

AD9002AD/AP/AN 

Min Typ Max 

AD9002BD/BP/BN 

Min Typ Max 

Sub- 

Group 4 

AD9002SD/SE/883B 

Min Typ Max 

AD9002TD/TE/883B 
Min Typ Max 

Units 

RESOLUTION 



8 

8 


8 

8 

Bits 

DC ACCURACY 

















Differential Linearity 

+ 25°C 

I 


0.6 

0.75 




7 


0.6 

0.75 


0.4 

0.5 

LSB 


Full' 

VI 






0.75 

8 



1.0 



0.75 

LSB 

Integral Linearity 

+ 25°C 

I 


0.6 

1.0 


0 4 

0.5 

7 


0.6 

1.0 


0.4 

0.5 

LSB 


Full 

VI 



1.2 



1.2 

8 



1.2 



1.2 

LSB 

No Missing Codes 

Full 

VI 

GUARANTEED 

GUARANTEED 

7,8 

GUARANTEED 

GUARANTEED 


INITIAL OFFSET ERROR 

















Top of Reference Ladder 

+ 25°C 

I 


8 

14 


8 

14 

7 


8 

14 


8 

14 

mV 


Full 

VI 



17 



17 

8 



17 



17 

mV 

Bottom of Reference Ladder 

+ 25°C 

I 


4 

10 


4 

10 

7 


4 

10 


4 

10 

mV 


Full 

VI 



12 



12 

8 



12 



12 

mV 

Offset Drift Coefficient 

Full 

v 


20 



20 




20 



20 


p.V/°C 

ANALOG INPUT 

















Input Bias Current 5 

+ 25°C 

I 


60 

100 


60 

100 

1 


60 

100 


60 


pA 


Full 

VI 



200 



200 

2,3 



200 




pA 

Input Resistance 

+ 25°C 

III 

100 

200 


100 

200 


12 


200 


100 



kil 

Input Capacitance 

+ 25°C 

III 


17 

22 


17 

22 

12 


17 

22 


17 

22 

pF 

Large Signal Bandwidth 6 

+ 25°C 

V 


160 



160 









MHz 

Input Slew Rate 7 

+ 25°C 

V 


440 



440 







440 


V/|xs 

REFERENCE INPUT 

















Reference Ladder Resistance 

+ 25°C 

VI 

64 

80 

110 

64 

80 

110 

1 

64 

80 

110 

64 

80 

110 

a 

Ladder Temperature Coefficient 


V 


0.25 



0.25 




0.25 



0.25 


n/°c 

Reference Input Bandwidth 

+ 25°C 

V 


10 



10 




10 



10 


MHz 

DYNAMIC PERFORMANCE 

















Conversion Rate 

+ 25°C 


125 

150 


125 

150 


4 

125 

150 


125 

150 


MSPS 

Aperture Delay 

+ 25°C 

yt- 


1.3 



1.3 




1.3 



1.3 


ns 

Aperture Uncertainty (Jitter) 

+ 25°C 

IS 


15 



15 




15 



15 


ps 

Output Delay (t Pr >) 8,9 

+ 25°C 


2.5 

3.7 

5.5 

2.5 

3.7 

5.5 

9 

2.5 

3.7 

5.5 

2.5 

3.7 

5.5 

ns 

Transient Response 10 

+ 25°C 

Mm 


6 



6 




6 



6 


ns 

Overvoltage Recovery Time 1 1 

+ 25°C 

V 


6 



6 




6 



6 


ns 

Output Rise Time 8 

+ 25°C 

I 



3.0 



3.0 

9 



3.0 



3.0 

ns 

Output Fall Time 8 

+ 25°C 




2.5 



2.5 

9 



2.5 



2.5 

ns 

Output Time Skew 8 ' 12 

+ 25°C 



0.6 



0.6 




0.6 



0.6 


ns 

ENCODE INPUT 

















Logic “ 1” Voltage 8 

Full 

VI 

-1.1 



-1.1 



7,8 

-1.1 



-1.1 



V 

Logic “0” Voltage 8 

Full 

VI 



-1.5 



-1.5 

7,8 



-1.5 



-1.5 

V 

Logic “ 1 ” Current 

Full 

VI 



150 



150 

7,8 



150 



150 

p-A 

Logic “0” Current 

Full 

VI 



120 



120 

7,8 



120 



120 

M-A 

Input Capacitance 

+ 25°C 

V 


3 



3 




3 



3 


pF 

Encode Pulse Width (Low) 1 3 

+ 25°C 

I 

1.5 



1.5 



4 

1.5 



1.5 



ns 

Encode Pulse Width (High) 13 

+ 25°C 

I 

1.5 



1.5 



4 

1.5 



1.5 



ns 

OVERFLOW INHIBIT INPUT 

















0V Input Current 

Full 

VI 


144 

300 


144 

300 

1,2,3 


144 

300 


144 

300 

M-A 

AC LINEARITY 14 

















Effective Bits 15 

+ 25°C 

V 


7.6 



7.6 




7.6 



7.6 


Bits 

In-Band Harmonics 

















dc to 1.23MHz 

+ 25°C 

I 

48 

55 


48 

55 


4 

48 

55 


48 

55 


dB 

dc to 9.3MHz 

+ 25°C 

V 


50 



50 




50 



50 


dB 

dc to 19.3MHz 

+ 25°C 

V 


44 



44 




44 



44 


dB 

Signal-to-Noise Ratio 16 

+ 25°C 

I 

46 

47.6 


46 

47.6 


4 

46 

47.6 


46 

47.6 


dB 

Two Tone Intermod Rejection 17 

+ 25°C 

V 


60 



60 




60 



60 


dB 

DIGITAL OUTPUTS 8 

















Logic “ 1” Voltage 

Full 

VI 

-1.1 



-1.1 



1,2,3 

-1.1 



-1.1 



V 

Logic “0” Voltage 

Full 

VI 



-1.5 



-1.5 

1,2,3 



-1.5 



-1.5 

V 

POWER SUPPLY 18 

















Supply Current ( - 5.2V) 

+ 25°C 

I 


145 

175 


145 

175 

1 


145 

175 


145 

175 

mA 


Full 

VI 



200 



200 

2,3 



200 



200 

mA 

Nominal Power Dissipation 

+ 25°C 

V 


750 



750 




750 



750 


mW 

Reference Ladder Dissipation 

+ 25°C 

V 


50 



50 




50 



50 


mW 

Power Supply Rejection Ratio 19 

+ 25°C 

I 


0.8 

1.5 


0.8 

1.5 

7 


0.8 

1.5 


0.8 


mV/V 
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AD9002 


NOTES 

Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect device reliability. 

2 + Vr E f 2 : - V REF under all circumstances. 

3 Maximum junction temperature (tj max) should not exceed 175°C 
for ceramic packages, and 150°C for plastic packages: 
tj = PD (0 JA ) + t A 
PD (0j C ) + t c 
where 

PD = power dissipation 

0 JA = thermal impedance from junction to ambient (°C/W) 

0] C = thermal impedance from junction to case (°C/W) 
t A = ambient temperature (°C) 
tc = case temperature (°C) 
typical thermal impedances are: 

Ceramic DIP 0 JA = 56°C/W; 0 JC = 20°C/W 
Plastic DIP 0 ja =6O°C/W; 0 jc = 2O°C/W 
Ceramic LCC 0 JA = 69°C/W; 0 JC = 23°C/W 
PLCC 0 JA = 60°C/W, 0 JC = 19°C/W. 


4 Subgroups apply to military qualified devices only. 

5 Measured with AIN = OV. 

6 Measured by FFT analysis where fundamental is - 3dBc. 

7 Input slew rate derived from rise time (10 to 90%) of full scale input. 
8 Outputs terminated through lOOfl to - 2V. 

9 Measured from ENCODE in to data out for LSB only. 

,0 For full-scale step input, 8-bit accuracy is attained in specified time. 
"Recovers to 8-bit accuracy in specified time after 150% full-scale input 
overvoltage. 

"Output time skew includes high-to-low and low-to-high transitions as well 
as bit-to-bit time skew differences. 

"ENCODE signal rise/fall times should be less than 10ns for normal 
operation. 

"Measured at 125MSPS encode rate. 

"Analog input frequency = 1.23MHz. 

"RMS signal to rms noise, with 1.23MHz analog input signal. 

"Input signals IV p-p @1.23MHz and IV p-p @2.30MHz. 

"Supplies should remain stable within ±5% for normal operation. 
"Measured at — 5.2V ± 5%. 

Specifications subject to change without notice. 



Recommended Operating Conditions 


Parameter 

Input Voltage 

Min 

Nominal 

Max 

-V s 

-5.46 

-5.20 

-4.94 

+ Vref 

-Vref 

0.0V 

+ 0.1 

- Vref 

-2.1 

-2.0 

+ Vref 

Analog Input 

— Vref 


+ Vref 


EXPLANATION OF TEST LEVELS 


EXPLANATION OF SUBGROUPS 

T est Level I - 1 00% production tested . 

Test Level II - 100% production tested at +25°C, and sample tested 

at specified temperatures. 


Subgroup 1 - Static tests at +25°C (5% PDA calculated 

against Subgroup 1 for MIL-STD-883 version). 

Subgroup 2 - Static tests at maximum rated operating temperature. 

Test Level III - Sample tested only. 


Subgroup 3 - Static tests at minimum rated operating temperature. 

Test Level IV - Parameter is guaranteed by design and characteriza- 
tion testing. 


Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at maximum rated operating temperature. 

Test Level V - Parameter is a typical value only. 


Subgroup 6 - Dynamic tests at minimum rated operating temperature. 

Test Level VI - All devices are 100% production tested at + 25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 


Subgroup 7 - Functional tests at +25°C. 

Subgroup 8 - Functional tests at maximum and minimum rated 
operating temperatures. 

Subgroup 9 - Switching tests at + 25°C. 

Subgroup 10 - Switching tests at maximum rated operating 
temperature. 

Subgroup 11 — Switching tests at minimum rated operating temperature. 
Subgroup 12 - Periodically sample tested. 


ORDERING INFORMATION 


Device 

Linearity 

Temperature 

Range 

Description 

Package 

Options* 

AD9002AD 

0.75LSB 

- 25°C to + 85°C 

28-Pin Ceramic DIP, Industrial 

D-28 

AD9002BD 

0.50LSB 

— 25°C to + 85°C 

28-Pin Ceramic DIP, Industrial 

D-28 

AD9002AN 

0.75LSB 

- 25°C to + 85°C 

28-Pin Plastic DIP, Industrial 

N-28 

AD9002BN 

0.50LSB 

- 25°C to + 85°C 

28-Pin Plastic DIP, Industrial 

N-28 

AD9002AP 

0.75LSB 

— 25°Cto +85°C 

28-Pin PLCC, Industrial 

P-2 8 A 

AD9002BP 

0.50LSB 

— 25°C to +85°C 

28-Pin PLCC, Industrial 

P-28A 

AD9002SD/883B 

0.75 LSB 

— 55°Cto + 125°C 

28-Pin Ceramic DIP, Military 

D-28 

AD9002SE/883B 

0.75 LSB 

— 55°Cto + 125°C 

28-Pin LCC, Military 

E-28A 

AD9002TD/883B 

0.50 LSB 

- 55°Cto + 125°C 

28-Pin Ceramic DIP, Military 

D-28 

AD9002TE/883B 

0.50 LSB 

— 55°Cto + 125°C 

28-Pin LCC, Military 

E-28A 


*See Section 14 for package outline information. 
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FUNCTIONAL DESCRIPTION 


Pin # Name 


1 DIGITAL GROUND 

2 OVERFLOW INH 


3 

HYSTERESIS 

4 

+ Vref 

5 

ANALOG INPUT 

6 

ANALOG GROUND 

7 

ENCODE 

8 

ENCODE. 

9 

ANALOG GROUND 

10 

ANALOG INPUT 

11 

“Vref 

12 

REF mid 

13 

DIGITAL GROUND 

14 

DIGITAL -V s 

15 

D1 

16-19 

D2-D5 

20 

DIGITAL GROUND 

21,22 

ANALOG -V s 

23 

DIGITAL GROUND 

24,25 

D6,D7 

26 

D8 

27 

OVERFLOW 

28 

DIGITAL -V s 


Description 


One of four digital ground pins. All digital ground pins should be connected together. 
OVERFLOW INHIBIT controls the data output polarity for overvoltage inputs. 


ANALOG 

INPUT 

OVERFLOW ENABLED 
(FLOATING OR - 5 . 2 V) 

OF Di D2 D3 D4 D5 Dg D7 Dg 

OVERFLOW INHIBITED (GND) 
OF Dj D2 D3 D4 D5 Dg D7 Dg 

Vin> + V RE f 
Vin— + Vref 

1 0000000 0 

0 xxxxxxxx 

0 1111111 1 

0 XXXXXXX X 


The Hysteresis control voltage varies the comparator hysteresis from OmV to lOmV, for a change 
from -5.2V to -2.2V at the Hysteresis control pin. 

The most positive reference voltage for the internal resistor ladder. 

One of two analog input pins. Both analog input pins should be connected together. 

One of two analog ground pins. Both analog ground pins should be connected together. 
Noninverted input of the differential encode input. This pin is driven in conjunction with 
ENCODE. Data is latched on the rising edge of the ENCODE signal. 

Inverted input of the differential encode input. This pin is driven in conjunction with ENCODE. 
One of two analog ground pins. Both analog ground pins should be connected together. 

One of two analog input pins. Both analog inputs should be connected together. 

The most negative reference voltage for the internal resistor ladder. 

The midpoint tap on the internal resistor ladder. 

One of four digital ground pins. All digital ground pins should be connected together. 

One of two negative digital supply pins (nominally —5.2V). Both digital supply pins should be 
connected together. 

Digital data output (LSB). 

Digital data output. 

One of four digital ground pins. All digital ground pins should be connected together. 

One of two negative analog supply pins (nominally —5.2V). Both analog supply pins should be 
connected together. 

One of four digital ground pins. All digital ground pins should be connected together. 

Digital data output. 

Digital data output (MSB). 

Overflow data output. Logic high indicates an input overvoltage (Vjn> + Vref) if OVERFLOW 
INHIBIT is enabled (overflow enabled, -5.2V). See OVERFLOW INHIBIT. 

One of two negative digital supply pins (nominally —5.2V). Both digital supply pins should be 
connected together. 



Functional Block Diagram 


OVERFLOW 

BIT 8 (MSB) 

BIT 7 

BIT 6 

BIT 5 

BIT 4 

BIT 3 

BIT 2 

BIT 1 (LSB) 
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TIMING DIAGRAM 


N + 1 


ANALOG 

INPUT 


ENCODE 


OUTPUT 

DATA 




BURN-IN DIAGRAM 



STATIC BURN IN 

ADI = OV AD2 = ECL HIGH AD3 = ECL LOW 

DYNAMIC BURN IN 



MIL-STD-883 COMPLIANCE INFORMATION 

The AD9002 SD/SE/TE/TQ/883B devices are classified within 
Microcircuits Group 57, Technology Group D (bipolar A/D 
converters), and are constructed in accordance with MIL-STD- 
883. The AD9002 is electrostatic sensitive and falls within elec- 
trostatic sensitivity classification Class 1 . Percent Defective 
Allowance (PDA) is computed based on Subgroup 1 of the 
specified Group A test list. Quality Assurance (QA) screening is 
in accordance with Alternate Method A of Method 5005. 

The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes t a = t c = tj.) MIL-STD-883-compliant devices are 
marked with “C” to indicate compliance. 


ECL HIGH 
ECL LOW 


ECL HIGH 
ECL LOW 


ALL RESISTORS ±5%, ii 
ALL CAPACITORS ±20%. »jlF 
ALL SUPPLIES ±5% 

AD9002 BURN IN DIAGRAM 
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DIE LAYOUT 


HYSTERESIS 


OVERFLOW DIGITAL -V s 

INHIBIT 

DIGITA 

OVERFLOW 



ANALOG. 

INPUT 


— V REF / DIGITAL \ D-, (LSB) \ D 

1 GROUND \ D ° 3 

REF mid DIGITAL - Vs 


MECHANICAL INFORMATION 


Die Dimensions 106xll4xl5(±2) mils 

Pad Dimensions 4x4 mils 

Metalization Gold 

Backing None 

Substrate Potential - Vs 

Passivation Nitride 

Die Attach Gold Eutectic (Ceramic) 

Epoxy (Plastic) 

Bond Wire 1-1.3 mil Gold; Gold Ball Bonding 


V s 
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AD9002 


APPLICATION INFORMATION 

The AD9002 is compatible with all standard ECL logic families, 
including 10K and 10KH. 100K ECL’s logic levels are temperature 
compensated, and are therefore compatible with the AD9002 
(and most other ECL device families) only over a limited tem- 
perature range. To operate at the highest encode rates, the 
supporting logic around the AD9002 will need to be equally 
fast. Whichever of the ECL logic families is used, special care 
must be exercised to keep digital switching noise away from the 
analog circuits around the AD9002. The two most critical items 
are digital supply lines and digital ground return. 

The input capacitance of the AD9002 is an exceptionally low 
17pF. This allows the use of a wide range of input amplifiers, 
both hybrid and monolithic. To take full advantage of the wide 
input bandwidth of the AD9002, a hybrid amplifier such as the 
AD9610 will be required. For those applications that do not 
require the full input bandwidth of the AD9002, more traditional 
monolithic amplifiers, such as the AD846, will work very well. 
Overall performance with any amplifier can be improved by 
inserting a lOfl resistor in series with the amplifier output. 

The output data is buffered through the ECL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation delay (t PD ), before becoming available at the 
outputs. Both the analog- to-digital conversion cycle and the data 
transfer to the output latches are triggered on the rising edge of 
the differential, ECL compatible ENCODE signal (see timing 
diagram). In applications where only a single-ended signal is 
available, the AD96685, a high speed, ECL voltage comparator, 
can be employed to generate the differential signals. All ECL 
signals (including the overflow bit) should be terminated properly 
to avoid ringing and reflection. 

The AD9002 also incorporates a HYSTERESIS control pin 
which provides from 0 to lOmV of additional hysteresis in the 
comparator input stages. Adjustments in the HYSTERESIS 
control voltage may help improve noise immunity and overall 
performance in harsh environments. 

The OVERFLOW INHIBIT pin of the AD9002 determines 
how the converter handles overrange inputs (AIN^ + V REF ). In 
the “enabled” state (floating at -5.2V), the OVERFLOW 
output will be at logic HIGH and all other outputs will be at 
logic LOW for overrange inputs (return-to-zero operation). In 
the “inhibited” state (tied to ground), the OVERFLOW output 
will be at logic LOW, and all other outputs will be at logic 
HIGH for overrange inputs (nonreturn-to-zero operation). 

The AD9002 provides outstanding error rate performance. This 
is due to tight control of comparator offset matching and a fault 
tolerant decoding stage. Additional improvements in error rate 
are possible through the addition of hysteresis (see HYSTERESIS 
control pin). This level of performance is extremely important 
in fault-sensitive applications such as digital radio (QAM). 

Dramatic improvements in comparator design and construction 
give the AD9002 excellent dynamic characteristics, especially 
SNR (signal-to-noise ratio). The 160MHz input bandwidth and 
low error rate performance give the AD9002 an SNR of 48dB 
with a 1.23MHz input. High SNR performance is particularly 
important in wide bandwidth applications, such as pulse signature 
analysis, commonly performed in advanced radar receivers. 


LAYOUT SUGGESTIONS 

Designs using the AD9002, like all high speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high speed designs. The first requirement 
is for a substantial ground plane around and under the AD9002. 
Separate ground plane areas for the digital and analog components 
may be useful, but these separate grounds should be connected 
together at the AD9002 to avoid the effects of “ground loop” 
currents. 

The second area that requires an extra degree of attention involves 
the three reference inputs, 4- Vrefj REF M id> and - Vref- The 
+ V REF input and the - V RE f input should both be driven from 
a low impedance source (note that the + V REF input is typically 
tied to analog ground). A low drift amplifier should provide 
satisfactory results, even over an extended temperature range. 
Adjustments at the REF M id input may be useful in improving 
the integral linearity by correcting any reference ladder skews. 
The application circuit shown below demonstrates a simple and 
effective means of driving the reference circuit. 

The reference inputs should be adequately decoupled to ground 
through 0.1 p,F chip capacitors to limit the effects of system 
noise on conversion accuracy. The power supply pins must also 
be decoupled to ground to improve noise immunity; 0.1 (xF and 
0.01 |xF chip capacitors are recommended. 

The analog input signal is brought into the AD9002 through 
two separate input pins. It is very important that the two input 
pins be driven symmetrically with equal length electrical con- 
nections. Otherwise, aperture delay errors may degrade converter 
performance at high frequencies. 


-15V 



Typical AD9002 Application 
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AD9002 EVALUATION CIRCUIT 


LINEARITY OUTPUT 
(ERROR WAVEFORM) 


fl 

HOSIOO •=• HOSIOO 


RECONSTRUCTED 

OUTPUT 



NOTE: 

100114 LINE DRIVER OUTPUTS 
REQUIRES 51011 PULL DOWN 
RESISTORS TO -5.2V. ALL OTHER 
ECL OUTPUTS SHOULD BE 
TERMINATED TO -2V WITH 
10011 RESISTORS, UNLESS 
OTHERWISE SPECIFIED. 
RESISTORS ARE IN 11. 
CAPACITORS ARE IN jxF. 


♦CONTACT FACTORY ABOUT EVALUATION BOARD AVAILABILITY 


AD9002 DYNAMIC PERFORMANCE 



1MHz 10MHz 100MHz 

ANALOG INPUT FREQUENCY (0.1 dB BELOW FULL SCALE) 
125 MSPS ENCODE RATE 
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□ ANALOG 
DEVICES 


AD9003 


12- Bit, 1MHz 
A/D Converter 


FEATURES 
12-Bit Resolution 
1MHz Word Rates 
T/H and Timing Included 
Single 40-Pin DIP 

APPLICATIONS 
Radar Systems 
Digital Oscilloscopes 
Test Systems 
Analytical Instrumentation 
Waveform Analyzers 


AD9003 FUNCTIONAL BLOCK DIAGRAM 


UNIPOLAR OFFSET 


GAIN & OFFSET 
ADJUST 

ANALOG 

INPUT 


ENCODE 

COMMAND 



6-BIT 

FLASH 

A/D 

~T“ 

s 



STROBES (S) 



GENERAL DESCRIPTION 

The AD9003 is a complete 12-bit, 1MHz analog-to-digital con- 
verter (ADC) which combines low cost and high performance in 
a single 40-pin DIP. This unique converter includes track-and-hold 
(T/H), timing, and encoding functions with a power dissipation 
of only 2.2 watts. 

This remarkable unit is capable of converting analog signals to 
the Nyquist limit at word rates through 1MHz. Its l|xs conversion 
interval includes acquisition time for the internal T/H, making 
it a true 1MHz converter. 


Proprietary conversion techniques achieve linearity equivalent to 
the best successive approximation ADC along with subranging 
conversion speeds. A conversion status signal simplifies transfer- 
ring output data into system logic. Innovative thick- and thin-film 
technologies assure excellent performance over temperature 
without compromising ac characteristics. 

The AD9003KM operates at case temperatures from 0 to + 70°C; 
the SM/883B and TM/883B units operate from - 25°C to 
+ 100°C. 
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(Typical with nominal supplies, unless otherwise noted) 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 

±V S ± 18V 

Vcc -0.5V to +-7V 

Analog Input ± 15V 

Digital Inputs -0.5 to Vcc 

Maximum Junction Temperature 

Models AD9003SM/TM/883B 165°C 

Model AD9003KM 150°C 


Operating Temperature Range (Case) 


AD9003KM 0to+70°C 

AD9003SM/TM/883B -25Cto+100° 

Storage Temperature -65°C to + 150°C 

Lead Soldering Temperature (10 sec) +300°C 



Sub- 



AD9003KM 1 


AD9003SM/883B 2 

AD9003TM/883B 2 


Parameter 1,2 (Conditions) 

Group 

Temp. 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 




12 



12 



12 


Bits 





0.024 



0.024 



0.024 


%FS 

LSB Weight 




1.22 



1.22 



1.22 


mV 

STATIC ACCURACY 
/ Gain Error 

4 

+ 25°C 


±0.1 

±0.2 


±0.1 

±0.2 


±0.1 

±0.2 

%FS 

# Gain Error 


Full 



±0.46 



±0.6 



±0.6 

%FS 

J Bipolar Offset 

4 

+ 25°C 


+ 5 

± 10 


±5 

± 10 


-t- 5 

-H 

mV 

# Bipolar Offset 


Full 



±23 



±32 



±32 

mV 

J Unipolar Offset 

4 

+ 25°C 


±5 

±10 


±5 

±10 


±5 

±10 

mV 

# Unipolar Offset 


Full 



±23 



±32 



±32 

mV 

/ Differential Linearity 

4 

+ 25°C 


±0.5 

±1.0 


±0.5 

±1.0 


±0.5 

±1.0 

LSB 

y Differential Linearity 

5,6 

Full 









±1.0 

LSB 

y Integral Linearity (Best Fit) 

4 

+ 25°C 


±0.8 

±1.5 


±0.8 

±1.5 


±0.8 

±1.5 

LSB 

y Integral Linearity (Best Fit) 
y Resolution for Which There 

5,6 

Full 



±1.5 



±2.0 



±2.0 

LSB 

are No Missing Codes 

5,6 

Full 


12 



12 



12 


Bits 

DYNAMIC CHARACTERISTICS 
(Conversion Rate = 1MHz) 3 
In-Band Harmonics 4 
y dctolOOkHz 

4 

+ 25°C 

74 

80 


74 

80 


74 

80 


dB 

y dctolOOkHz 

5,6 

Full 

72 



72 



72 



dB 

# 100kHz to 500kHz 


+ 25°C 


75 



75 



75 


dB 

y Conversion Time 5 

4 

+ 25°C 


820 

850 


820 

850 


820 

850 

ns 

# Effective Aperture Delay Time 


+ 25°C 

6 

16 

27 

6 

16 

27 

6 

16 

27 

ns 

# Aperture Uncertainty (Jitter) 


+ 25°C 


26 



26 



26 


ps, rms 

y Signal-to-Noise Ratio 6 

4 

+ 25°C 

65 

69 


65 

69 


65 

69 


dB 

y Signal-to-Noise Ratio 6 

5,6 

Full 

65 



65 



65 



dB 

# Transient Response 7 


+ 25°C 


200 



200 



200 


ns 

# Overvoltage Recovery T ime 8 


+ 25°C 



1500 



1500 



1500 

ns 

# T wo-T one Intermodulation 9 


+ 25°C 


87 



87 



87 


dB 

ANALOG INPUT 
# V oltage Range (Full Scale) 1 0 


Full 


5 



5 



5 


V,p-p 

y Input Impedance 

1 

+ 25°C 

950 

1000 

1050 

950 

1000 

1050 

950 

1000 

1050 

a 

y Input Impedance 

Input Bandwidth 

2,3 

Full 

950 

1000 

1050 

950 

1000 

1050 

950 

1000 

1050 

n 

# Small Signal, - BdB 11 


+ 25°C 


10 



10 



10 


MHz 

# Large Signal, -BdB 1 2 


+ 25°C 


8 



8 



8 


MHz 

TEMPERATURE DRIFT 

Offset Temperature Coefficient 













y Bipolar 

5,6 

Full 



±35 


±10 

±40 


±10 

±40 

ppm/°C 

y Unipolar 

5,6 

Full 


±10 

±35 


±10 

±40 


±10 

±40 

ppm/°C 

y Gain T emperature Coefficient 

5,6 

Full 


±15 



±15 

±40 


±15 


ppm/°C 

# Differential Linearity Tempco 


Full 


±1.5 

±3.5 


±1.5 

±3.5 


±1.5 

±3.5 

ppm/°C 

DIGITAL INPUTS 
# Logic Compatibility 


Full 


TTL 



TTL 



TTL 



# Logic “1” Voltage 


Full 

+ 2.0 


Vcc 

+ 2.0 


Vcc 



Vcc 

V 

# Logic “0” Voltage 

Encode Command 1 3 


Full 

-0.5 


+ 0.8 

-0.5 



-0.5 


+ 0.8 

V 

Input Current 













y Logic “1” 

1,2,3 

Full 



60 



60 



60 

pA 

y Logic “0” 

1,2,3 

Full 



-1.2 



-1.2 



-1.2 

mA 

# Width 14 


Full 



. 

200 


750 

■MTtMii 


750 

ns 

# Frequency 


Full 

dc 


1.0 

dc 


1.0 

dc 


1.0 

MHz 

# Rise/Fall Times 


Full 






10 



10 

ns 
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AD9003 


Parameter 1,2 (Conditions) 

Sub- 

Group 

Temp. 

AD9003KM 1 

Min Typ Max 

AD9003SM/883B 2 

Min Typ Max 

AD9003T M/883B 2 

Min Typ Max 

Units 

DIGITAL OUTPUTS 







# Logic Compatibility 


Full 

TTL 

TTL 

TTL 


/ Logic “1” Voltage 

1,2,3 

Full 

+ 2.4 

+ 2.4 

+ 2.4 

V 

/ Logic “0” Voltage 

1,2,3 

Full 

+ 0.4 

+ 0.4 

+ 0.4 

V 

# Output Drive 


Full 

1 Standard 

1 Standard 

1 Standard 

TTL Load 

Format 



Parallel 

Parallel 

Parallel 


Coding 







Unipolar Mode 



Complementary Binary 

Complementary Binary 

Complementary Binary 


Bipolar Mode 



Complementary 

Complementary 

Complementary 





Offset Binary 

Offset Binary 

Offset Binary 


POWER REQUIREMENTS 







4- V s Voltage 


Full 

+ 14.5 +15.0 +15.5 

+ 14.5 +15.0 +15.5 

+ 14.5 +15.0 +15.5 

V 

y + V s Current 

1,2,3 

Full 

78 90 

78 90 

78 90 

mA 

-V s Voltage 


Full 

-14.5 -15.0 -15.5 

-14.5 -15.0 -15.5 

-14.5 -15.0 -15.5 

V 

/ -V s Current 

1,2,3 

Full 

44 49 

44 49 

44 49 

mA 

V C c Voltage 


Full 

+ 4.75 +5.0 +5.25 

+ 4.75 +5.0 +5.25 

+ 4.75 +5.0 +5.25 

V 

7 V C c Current 

1,2,3 

Full 

75 200 

75 200 

75 200 

mA 

y Power Dissipation 

1,2,3 

Full 

2.2 3.2 

2.2 3.2 

2.2 3.2 

W 

# PSRR 15 


+ 25°C 

45 

45 

45 

dB 

THERMAL RESISTANCE 







Junction to Air, 0 ca 16 



19 

19 

19 

°C/W 

Junction to Case, 0 jc 



3 

3 

3 

°c/w 

MTBF 17 







Mean Time Between Failures 




7.84 x 

7.84 x 

Hours 





10 4 

10 4 


PACKAGE OPTIONS 18 







M-40 



AD9003KM 

AD9003SM/883B 

AD9003TM/883B 



NOTES 

/ 100% tested (See Notes 1 and 2). 

#Specification guaranteed by design; not tested. 

1 AD9003KM parameters preceded by a check (/) are tested at + 25°C 
ambient temperature; performance is guaranteed over the commercial 
temperature range (0 to + 70°C case temperature). 

2 AD9003SM/883B and TM/883B parameters preceded by a check (/) are 
tested at -25°C case, +25°C ambient, and + 100°C case temperatures. 
Both grades are manufactured in full compliance to MIL-STD-883, 

Rev. C. 

Converting in excess of 1.0MHz is possible; however, acquisition time 
is reduced, which may increase distortion of high-frequency analog signals. 
4 In-band harmonics are expressed in dB below FS in terms of spurious 
in-band signals generated at 1MHz encode rate and single tone analog 
input in range shown. 

5 Measured from leading edge of encode command to trailing (rising) edge 
of conversion status signal (see Timing Diagram). 

6 RMS signal to rms noise ratio; analog input ldB below FS @ 100kHz; 
1MHz encode rate. 

7 For full-scale step input, 12-bit accuracy attained in specified time. 


8 Recovers to 12-bit accuracy in specified time after 2 x FS input 
overvoltage. (See text and Figure 5 for information on overloads.) 

9 Intermodulation measured in dB below FS at 1MHz encode rate with input 
frequencies of 75kHz and 105kHz; each 7dB below FS. 

10 Voltage Range = ±2.5V or 0V to - 5.0V. 

11 With analog input 40dB below FS. 

12 With FS analog input. (Large-signal BW flat within 0.5dB, dc to 500kHz.) 

13 Transition from “0” to “1” initiates conversion. 

14 For 1MHz encode rate. At conversions below 1MHz, max width is 
conversion period minus 250ns. Optimum linearity at 200 to 250ns widths. 

15 Power Supply Rejection Ratio (PSRR) is sensitivity of offset to V cc . This 
is parameter which is most sensitive to variations in supply voltage. 

16 The relationship between the device package and outside environment (0 ca ) 
varies with the application. Value shown is based on measuring case 
temperature with supply voltages applied to a device installed in a ZIF 
socket mounted on a standard “EJ” burn-in board. 

17 Calculated for SM/TM versions using MIL-HNBK-217; Ground Fixed; 

+ 80°C case temperature. 

18 See Section 14 for package outline information. 

Specifications subject to change without notice. 


EXPLANATION OF SUBGROUPS 

Subgroup 1 - Static tests at +25°C. 

(10% PDA calculated against Subgroup 1 for high-rel 
versions) 

Subgroup 2 - Static tests at maximum rated temperature. 
Subgroup 3 - Static tests at minimum rated temperature. 
Subgroup 4 - Dynamic tests at 4- 25°C. 

Subgroup 5 - Dynamic tests at maximum rated temperature. 
Subgroup 6 - Dynamic tests at minimum rated temperature. 
Subgroup 7 - Functional tests at +25°C. 

Subgroup 8 - Functional tests at maximum and minimum 
rated temperatures. 

Subgroup 9 - Switching tests at + 25°C. 

Subgroup 10 - Switching tests at maximum rated temperature. 
Subgroup 1 1 - Switching tests at minimum rated temperature. 
Subgroup 12 - Periodically sample tested. 
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PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

40 

DIGITAL GROUND 

1 

+ 5V 

39 

BIT1 

2 

REFERENCE BYPASS 1 

38 

BIT 2 

3 

DIGITAL GROUND 

37 

BIT 3 

4 

DIGITAL GROUND 

36 

BIT 4 

5 

-15V 

35 

BIT 5 

6 

ANALOG INPUT 

34 

BIT 6 

7 

DO NOT CONNECT 

33 

+ 5V 

8 

GAIN & OFFSET ADJUST 

32 

UNIPOLAR OFFSET 2 

9 

ANALOG GROUND 

31 

UNIPOLAR OFFSET 1 ' 2 

10 

ANALOG GROUND 

30 

+ 15V 

11 

ANALOG GROUND 

29 

BIT 7 

12 

ANALOG GROUND 

28 

CORRECTION BIT 3 

13 

ANALOG GROUND 

27 

CORRECTION BIT 3 

14 

ANALOG GROUND 

26 

BIT 8 

15 

ANALOG GROUND 

25 

BIT 9 

16 

ANALOG GROUND 

24 

BIT 10 

17 

+ 5V 

23 

BIT 11 

18 

DIGITAL GROUND 

22 

BIT 12 

19 

-15V 

21 

CONVERSION STATUS 

20 

ENCODE COMMAND 


NOTES 

Although Grounds are Designated as Analog or Digital, All 
Grounds Should Be Connected to a Single Common Low- 
Impedance Ground Plane for Best Results. 

1 Pins 2 and 31 Must Be Bypassed to Ground with 0.1 pF for 
Optimum Performance. 

2 For Unipolar Operation, Connect Pins 31 and 32; 
for Bipolar Operation, Ground Pin 32 and Connect 
Pin 31 Only to 0.1 pF. 

3 Pins 27 and 28 Must Always Be Strapped Together with 
No Other Connections. 


THEORY OF OPERATION 

Refer to the block diagram of the AD9003. 

Basically, the design of the unit is based on successive approxi- 
mation techniques. However, the AD9003 also uses parallel 
encoding for the most significant bits (MSBs). 

When a TTL-compatible Encode Command signal is applied to 
Pin 20, it causes the internal Timing Generator to generate 
strobe pulses used for controlling the timing of the various 
actions within the device. 

The encode command causes the track-and-hold (T/H) to switch 
from a “track” mode to a “hold” mode; switches the 6-bit flash 
converter to a tracking mode of operation to allow it to reach 
the held value from the T/H; and resets the SAR. When the 
flash converter output has been determined, Bits 1-6 become 
inputs to the 12-bit D/A converter. 

If the D/A voltage applied to the comparator is greater than the 
“held” value being applied to the comparator, a correction bit is 
turned on. If the D/A voltage is less, there is no correction bit 
and no change in the signal. 

At this point, the D/A output voltage and the correction circuit 
outputs are 12-bit accurate. Standard successive approximation 
techniques are used to determine Bits 7-12; the end result is a 


12-bit parallel output from the AD9003 A/D Converter. 

The overall linearity of the AD9003 is independent of the flash 
converter, which materially enhances the performance of the 
unit. In addition, the architecture used in the converter makes 
it less sensitive to nonlinearities caused by D/A and/or comparator 
settling. 

Performance of the AD9003 is equivalent to that of an ultrahigh- 
speed SAR type of design. But the design techniques which are 
used relieve the stringent comparator/D AC settling requirements 
usually associated with SAR designs. Instead, the AD9003 reaps 
the benefits of combining the best characteristics of flash converters 
and SARs while avoiding the penalties which are inherent in 
each individually. 

Refer to Figure 1, the timing diagram for the AD9003. In this 
illustration, spacing between encode commands is shown as it 
would be for a 1MHz word rate, i.e., 1000ns. The width of the 
encode pulse is at its minimum value of 200ns. 

The period of data validity associated with each encode command 
appears, in the figure, to be relatively short. Remember, however, 
each encode command generates the necessary switching to 
perform the digitizing function, and causes the output data to 
begin changing. 
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AD9003 


ENCODE 

COMMAND 


(INTERNAL 
HOLD PULSE) 


CONVERSION 

STATUS 


OUTPUT 

DATA 




tw 

ENCODE COMMAND PULSE WIDTH 

MIN 

200ns 

MAX 

750ns 

t E 

SPACING BETWEEN ENCODE COMMANDS 

1000ns 


tc 

CONVERSION TIME 


850ns 

tv 

DATA VALID 


50ns 

tDC 

DATA CHANGING 


35ns 


Figure 1. AD9003 Timing Diagram 


In Figure 1, the timing is based on a maximum encode rate, 
with minimum spacing between encode commands. At lower 
conversion rates, this spacing would be lengthened correspondingly 
and the interval when data are valid would become longer. 

Internal timing within the AD9003 typically requires 770ns to 
accomplish the necessary switching and processing of the analog 
input “frozen” by the encode command. Since the AD9003 is a 
true 1MHz converter, this leaves 230ns for the T/H to re-establish 
full accuracy when it returns to the “track” mode at the completion 
of the digitizing period. 

This addition of the required 770ns and the 230ns accuracy 
increment shows up as a total of 1,000ns minimum between 
encode commands in Figure 1 ; any shorter interval will detract 
from the overall performance of the unit. Higher encode rates, 
i.e., shorter intervals between encode commands, are possible; 
but they may cause distortion on high-frequency analog signals 
because the T/H will not be fully settled when it is switched to 
the “hold” mode. 


SETTING GAIN AND OFFSET 

Varying gain and offset for the AD9003 enhances performance 
of the unit and increases its flexibility in applications. One 
suggested method of obtaining approximately 5% variation in 
each is shown in Figure 2. 

The AD9003 can be operated in a unipolar mode or a bipolar 
mode; strap options and adjustments of the external controls 
shown in Figure 2 determine which is used. When calibrating 
for either mode, apply an encode command at the word rate 
frequency of the system to Pin 20. 

Connect a precision voltage source between the ANALOG INPUT 
connection shown in Figure 2 and ground. Set its output for the 
voltage shown in Table I as being equal to - FS + 1/2LSB for 
the input range to be used (-0.6mV for unipolar operation and 
+ 2.4994V for bipolar operation if using the full-scale 5V input 
range of the AD9003). 

Adjust the OFFSET control for a digital output which “dithers” 
between 0000 0000 0000 and 0000 0000 0001. 



-15V 

Figure 2. AD9003 Gain and Offset 
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To set gain, readjust the output of the voltage reference source 
to the value shown in Table I as being equal to + FS - 1-1/2LSB 
for the input range to be used (-4. 9982V for unipolar operation; 
-2.4982V for bipolar operation with the full-scale 5V range). 

Adjust the GAIN control for a digital output which “dithers” 
between 1111 1111 1110 and 1111 1111 1111. 

Figures 3 and 4 provide additional information about the switching 
points of the LSB when adjusting for either unipolar or bipolar 
operation using the full-scale 5V input. 

AD9003 DRIVER CIRCUIT WITH CLAMP 

The choice of the driver amplifier for an A/D can have significant 
effect on the performance of the converter. The ADI AD9610 


Op Amp is the recommended choice for operation with the 
AD9003. This amplifier has extremely fast settling time and low 
distortion; these are especially important as the selected word 
rate frequency approaches the Nyquist limit. 

In some applications, the analog input signals to be digitized 
may be outside the 5V range of the AD9003 converter, which 
can detract from the performance of the device by driving it 
into saturation. 

At input frequencies greater than 50kHz, overloads larger than 
approximately 25% will saturate the front-end circuits of the 
internal track-and-hold. When the overload is removed, the T/H 
may cause erroneous codes to be generated at the output. 

Figure 5 shows a suggested circuit to avoid this. 


For 

UNIPOLAR 

Input 

Apply 

Reference 

And 

Adjust 

For 

“Dither” 

Between 

For 

BIPOLAR 

Input 

Apply 

Reference 

And 

Adjust 

For 

“Dither” 

Between 

Oto — 5 V 

— 0 6mV 

OFFSFT 

0000 0000 0000 and 
00000000 0001 

0.00 

0.00 

OFFSET 

0111 1111 lllland 
100000000000 

> 

vn 

1 

O 

O 

-4.9982V 

GAIN 

1111 1111 1 1 10 and 

mi ini nn 

± 2.5V 

-2.4982V 

GAIN 

1111 1111 1 1 10 and 

nil nn nn 


Table I. 



Figure 3. AD9003 Unipolar Adjustment 
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OUTPUT 

CODE 

Figure 4. AD9003 Bipolar Adjustment 
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In this diagram, the value of the feed forward resistor R FF is 
calculated on the basis of the equation: 

R FF = |Desired Full-Scale Bipolar Voltage| x 500 

The circuit eliminates saturating the internal T/H of the AD9003. 
Using an Analog Devices AD9610 ahead of the converter allows 
±3x overdrives before the amplifier goes into saturation. Even 
in those instances in which the input signal exceeds the ± 3x 
limit, the AD9610 comes out of saturation much more quickly 
than the input circuits of the converter would under the same 
circumstances. 

Bipolar inputs to the AD9003 are held to a maximum of ±2.5V 
by the clamp circuits made up of 1N2810 Schottky diodes. The 
Analog Devices AD744 amplifiers and their associated circuits 
are for the purpose of clamping the Schottky diodes at the desired 
maximum input levels. As shown, + CLAMP ADJUST and 


-CLAMP ADJUST are set for + 2.530V and -2.530V 
respectively. 

These adjustment values take into account the gain and offset 
tolerances of the AD9003. If resistors with low temperature 
coefficients are selected, the clamp circuit will operate over the 
entire temperature range of the converter. 

The bipolar circuit in Figure 5 can also be used for unipolar 
operation of the A/D with only minor changes. For this mode, 
the upper op amp (AD744 # 1) and its associated reference 
circuits are removed; the upper 1N2810 clamp is connected, 
instead, to ground. 

With these changes, the unipolar full-scale overdrive limit is 
1.5x rather than the 3x of the bipolar connections; but this will 
prevent saturating the front end circuits of the AD9003. The 
value of R ff in the unipolar circuit is based on: 

R FF = |Desired Full-Scale Unipolar Voltagej x 250 



Figure 5. AD9003 Driver Circuit with Clamp 
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SUGGESTED LAYOUT 

To obtain optimum performance from systems using the AD9003 
or any other high-speed component, the user must exercise care 
in laying out the circuit. It is critical to use the shortest possible 
lead lengths and circuit runs. Construct the circuit on a large, 
low-impedance ground plane containing the maximum possible 
amount of copper dedicated as ground surface. 

The AD9003 also requires the use of bypass capacitors on the 
power supplies; these should be connected as closely as possible 
to the supply pins. A suggested layout for the AD9003 when it 
is mounted on a printed circuit board is shown in Figure 6. 


ORDERING INFORMATION 

For operating case temperatures from 0 to + 70°C, order part 
number AD9003KM. Two models are available with military 
processing and operation at case temperatures betweeen - 25°C 
and + 100°C. With the exception of differential linearity, the 
electrical specifications on these devices are the same. The 
AD9003SM/883B guarantees no missing codes over temperature; 
the AD9003TM/883B is screened for differential nonlinearity of 
± 1LSB maximum. 

Both the commercial temperature and extended temperature 
versions are packaged in 40-pin metal can DIPs. 



PINS31 AND 32; FOR BIPOLAR, GROUND 
PIN 32 AND CONNECT PIN 31 ONLY TO C7. 


COMPONENT SIDE TRACE 
GROUND CONNECTION 

Cl - C3 = 10p.F TANTALUM CAPACITOR 
C4- Cl 1 =0.1 |aF CERAMIC CAPACITOR 


Figure 6. AD9003 Suggested Layout 
(As Viewed from Bottom - Not to Scale) 
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□ ANALOG 
DEVICES 


1 2-Bit, 10MSPS 
A/D Converter 


AD9005 


FEATURES 

Complete 12-Bit A/D Converter 

Includes Track and Hold, Reference and Timing 

Bipolar Analog Input (± 1.024V) 

Up to 10MSPS Sampling Rate 
Low Power Dissipation: 3.1W 
Low Harmonic Distortion 

APPLICATIONS 

Radar 

Digital Oscilloscopes 
Electro-Optics 
Medical Scanners 

Communication/Signal Intelligence 


GENERAL DESCRIPTION 

The AD9005 is a complete 12-bit A/D converter featuring on- 
board track-and-hold amplifier, voltage reference and timing 
circuitry. Featuring sampling rates from dc to 10MSPS, the 
AD9005 uses a subranging converter architecture to achieve 
high speed and high resolution. Dynamic performance includes 
a SNR of 64dB and harmonic distortion of -72dBc with a 
4.3MHz analog input. 


AD9005 FUNCTIONAL BLOCK DIAGRAM 


T/H 

OUT A/D IN 



Critical to this performance is the use of advanced bipolar inte- 
grated circuits, custom designed for the AD9005 and manufac- 
tured by Analog Devices. The AD9005 is TTL compatible with 
offset binary outputs. It is available in a 46-pin hermetic metal 
DIP in two temperature ranges: 0 to +70°C commercial range 
and -55°C to +125°C military range (case temperature). 


ORDERING INFORMATION 


Device 

Temperature Range 

Description 

Package 

Options* 

AD9005KM 

0 to +70°C 

46-Pin DIP 

M-46 

AD9005TM 

-55°C to +125°C 

46-Pin DIP 

M-46 


*See Section 14 for package outline information. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 


Positive Supply Voltage (+V CC ) + 18V 

Negative Supply Voltage (-V EE ) -18V 

Positive Supply Voltage (+V S ) +6V 

Negative Supply Voltage (-V s ) -6V 

Analog Input Voltage (Pin 45) ±3.0V dc 

Digital Input Voltage —0.5V to +V S 

Digital Output Current 4mA 


Operating Temperature Range (Case) 


AD9005KM 0 to +70°C 

AD9005TM -55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature 2 + 165°C 

Lead Soldering Temperature (lOsec) + 300°C 


ELECTRICAL CHARACTERISTICS (+V CC = + 1 5V, — V EE = — 1 5V, +V S = +5V, — V s = — 5.2V, unless otherwise stated) 


Parameter 

Temp 

Test 

Level 

Min 

AD9005KM 

Typ Max 

Min 

AD9005TM 

Typ Max 

Units 

RESOLUTION 



12 



12 



Bits 

LSB Weight 







0.5 


mV 

STATIC ACCURACY 










Differential Nonlinearity 

+25°C 

I 

-0.75 

±0.5 

+0.75 

-0.75 

±0.5 

+0.75 

LSB 


Full 

VI 

-1.0 


+ 1.0 

-1.0 


+ 1.25 

LSB 

Integral Nonlinearity 

+25°C 

I 


±1.0 

±2.25 


±1.0 

±2.25 

LSB 


Full 

VI 



±2.5 



±2.75 

LSB 

No Missing Codes 

Full 

VI 

GUARANTEED 

GUARANTEED 


Gain Error 

+25°C 

I 






±1.0 

% FS 


Full 

VI 







% FS 

Offset Error 

+25°C 

I 


±4 

±15 


±4 

±15 

mV 


Full 

VI 







mV 

ANALOG INPUT 










Input Voltage Range 

Full 

V 







Vp-p 

Input Resistance 

Full 

VI 

950 






a 

Input Capacitance 

+25°C 

V 


5 



5 


pF 

Large Signal Input Bandwidth 3 

Full 

V 


38 



38 


MHz 

DYNAMIC CHARACTERISTICS 5 










Maximum Conversion Rate 

Full 

I 

10 



10 



MSPS 

Output Data Delay 6,9 (t PD ) 

+25°C 

V 


90 



90 


ns 

Aperture Delay 

+25°C 

V 


5 



5 


ns 

Aperture Uncertainty 

+25°C 

IV 


10 

20 


10 

20 

ps rms 

Transient Response (to ± 1LSB) 7 

+25°C 

IV 



120 



120 

ns 

Overvoltage Recovery Time 8 

+25°C 

IV 



250 



250 

ns 

(to ± 1LSB) 










In-Band Harmonics 10,4 










F IN = 540kHz 

+25°C 

IV 

-70 

-75 


-69 

-75 


dBc 

F IN = 2.3MHz 

+25°C 

I 

-68 

-72 


-67 

-72 


dBc 


Full 

VI 

-67 



-66 



dBc 

F in = 4.3MHz 

+25°C 

I 

-66 

-72 


-66 

-72 


dBc 


Full 

VI 

-65 



-63 



dBc 

Signal to Noise Ratio 11,4 










F in = 540kHz 

+25°C 

IV 

65 

67 


64 

67 


dB 

F in = 2.3MHz 

+25°C 

I 

63 

65 


63 

65 


dB 


Full 

VI 

63 



60 



dB 

F in = 4.3MHz 

+25°C 

I 

62 

64 


62 

64 


dB 


Full 

VI 

61 



60 




Two-Tone Intermodulation Distortion 12 










F IN = 2.2MHz+2.3MHz 

+25°C 

V 


-74 

! 


-74 


dBc 
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AD9005 


Parameter 

Temp 

Test 

Level 

Min 

AD9005KM 

Typ Max 

Min 

AD9005TM 

Typ Max 

Units 

ENCODE INPUT 14 










Logic “1” Voltage 

Full 

IV 

2.0 



2.0 



V 

Logic “0” Voltage 

Full 

IV 



0.8 



0.8 

V 

Logic “1” Current 

Full 

IV 



150 



150 

|xA 

Logic “0” Current 

Full 

IV 



150 



150 

pA 

Input Capacitance 

+25°C 

V 


5 



5 


pF 

Encode Pulse Width (High) 

+25°C 

IV 

25 



25 



ns 

DIGITAL OUTPUTS 










Logic “1” Voltage (2mA Source) 

Full 

IV 

2.4 



2.4 



V 

Logic “0” Voltage (4mA Sink) 

Full 

IV 



0.4 



0.4 

V 

Logic Coding 

Full 

IV 


Offset Binary 


Offset Binary 


POWER SUPPLY 










Supply Voltage +V CC 

Full 

VI 

+ 14.25 

+ 15.0 

+ 15.75 

+ 14.25 

+ 15.0 

+ 15.75 

V 

Supply Current +V CC 

Full 

VI 


33 

40 


23 

25 

mA 

Supply Voltage -V EE 

Full 

VI 

-14.25 

-15.0 

-15.75 

-14.25 

-15.0 

-15.75 

V 

Supply Current -V EE 

Full 

VI 


55 

70 


45 

55 

mA 

Supply Voltage +V S 

Full 

VI 

4.75 

5.0 

5.25 

4.75 

5.0 

5.25 

V 

Supply Current Analog +V S 

Full 

VI 


124 

140 


124 

140 

mA 

Supply Current Digital +V S 

Full 

VI 


55 

no 


55 

110 

mA 

Supply Voltage -V s 

Full 

VI 

-4.95 

-5.2 

-5.45 

-4.95 

-5.2 

-5.45 

V 

Supply Current Analog — V s 

Full 

VI 


160 

185 


160 

185 

mA 

Supply Current Digital -V s 

Full 

VI 


73 

115 


73 

115 

mA 

Nominal Power Dissipation 

Full 

VI 


3.1 

4.1 


3.1 

4.1 

W 

PSRR 13, 15 

+25°C 

I 


0.01 

0.02 


0.01 

0.02 

%/% 


NOTES 

Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper- 
ation under any of these conditions is not necessarily implied. Exposure to absolute rating conditions for extended periods of time may affect device reliability. 
2 Maximum junction temperature should not be allowed to exceed 165°C. Hybrid thermal model: 

Junction = 1 ambient "^dissipation x (®ca + ® jc) 

= tcASE + ^DISSIPATION X jc) 

46 Pin metal DIP: 0 CA = 14°C/W in still air; 

0 CA = 6°C/W with 500LFPM air flow 
0 JC = 6°C/W 

3 Determined by 3dB reduction in reconstructed output. 

4 Input at ldB below full scale. 

5 Measured at 10MHz encode rate. 

6 Measured from ENCODE in to data out for LSB only. 

7 For full-scale step input; 12-bit accuracy is attained in the specified time. 

8 Recovers to 12-bit accuracy in specified time following 200% full-scale input voltage. 

’Excludes pipeline delay of two clock cycles (see timing diagram). 

10 Worst case spurious in-band signal relative to input level. 

U RMS signal to RMS noise, including harmonics. 

12 Worst case spurious in-band signal relative to level of input tones, which are both — 7dB below full scale. 

13 Sensitivity of full scale gain error with respect to power supply variation within supply Min/Max limits. 

14 ENCODE signal rise and fall times should be less than 5ns for normal operation. Transition from “0” to “1” initiates conversion. 

15 PSRR is tested over given voltage range. 


1 EXPLANATION OF TEST LEVELS 1 

Test Level I 

100% production tested. 

Test Level II 

100% production tested at +25°C, and sample tested at specified temperatures. 

Test Level III 

Sample tested only. 

Test Level IV 

Parameter is guaranteed by design and characterization testing. 

Test Level V 

Parameter is a typical value only. 

Test Level VI 

All devices are 100% production tested at +25°C. 100% production tested at temperature extremes for 
military temperature devices. Guaranteed, not tested, for commercial temperature range. 


| RECOMMENDED OPERATING CONDITIONS j 

Parameter 

Input Voltage | 


Min 

Nominal 

Max 

-V s 

-5.45 

-5.2 

-4.95 

+v s 

+5.25 

+5.0 

+4.75 

-V EE 

-15.75 

-15.0 

-14.25 

+Vcc 

+ 14.25 

+ 15.0 

+ 15.75 

Analog Input 

-1.024 


+ 1.024 
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AD9005 PIN DESIGNATIONS 
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> 

ED 

GROUND 

NC 
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ED 

ANALOG INPUT 

ANALOG +V S 
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Q 

+ V CC 

T/H OUT 

CE 


ED 

~V EE 

A/D IN 

CE 


m 

ANALOG -V s 

ANALOG -V s 
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ED 

NC 

DNC 

E 


ED 

DNC 

DNC 

E 


ED 

DNC 

MSB D„ 

a 


ED 

GROUND 

D 10 

p 

AD9005 

i 

GROUND 

d 9 


TOP VIEW 

ED 

DNC 

d 8 

K3 

(Not to Scale) 

ED 

GROUND 

d 7 

El 


E3 

GROUND 

De 

O 


m 

-Vee 

d 5 

Cl 


13 

GROUND 

d 4 

En 


in 

DIGITAL -V s 

D 3 

nrr 


F== 
| 30 

ANALOG + v’s 

d 2 

ca 


ED 

DNC 


EDI 


ED 

DNC 

(LSB) D 0 

ED 


El 

DNC 

DIGITAL + V S 

1 


ED 

GROUND 

GROUND 

n 


ED 

GROUND 

GROUND 

m 


El 

ENCODE 


NC = NO CONNECT 
DNC = DO NOT CONNECT 


PIN DESCRIPTIONS 


Pin 


Name 

Description 

1 


GROUND 

Circuit ground. All grounds should be connected together near the AD9005. 

2 


NC 

Not internally connected. 

3 


ANALOG +V S 

Positive analog supply pin. Nominally -I-5V dc. 

4 


T/H OUT 

Output of internal track-and-hold amplifier. Connect to Pin 5 for normal operation. 

5 


A/D IN 

Input to internal A/D encoder. Connect to Pin 4 for normal operation. 

6 


ANALOG -V s 

Negative analog supply pin. Nominally -5.2V dc. 

7, 8 


DNC 

Do not connect. Internal test point. 

9 


*D n (MSB) 

Most significant bit of digital output data. 

10-19 

Di-Dio 

Digital data outputs. 

20 


D 0 (LSB) 

Least significant bit of digital output data. 




OUTPUT CODING 



ANALOG 

INPUT 

D h D io D 9 D g D 7 D 6 D 5 D 4 D 3 D 2 Dj Do 



> + 1.024V 

111111111111 



<- 1.024V 

000000000000 

21 


DIGITAL +V S 

Positive digital supply pin. Nominally + 5V dc. 

22, 

23 

GROUND 

Circuit ground. All grounds should be connected together near the AD9005. 

24 


ENCODE 

Convert command. TTL compatible, rising edge triggered. 

25, 

26 

GROUND 

Circuit ground. All grounds should be connected together near the AD9005. 

27-29 

DNC 

Do not connect. Internal test point. 

30 


ANALOG +V S 

Positive analog supply pin. Nominally +5V dc. 

31 


DIGITAL -V s 

Negative digital supply pin. Nominally -5.2V dc. 

32 


GROUND 

Circuit ground. All grounds should be connected together near the AD9005. 

33 


-v EE 

Negative analog supply pin. Nominally -15V dc. 

34, 

35 

GROUND 

Circuit ground. All grounds should be connected together near the AD9005. 

36 


DNC 

Do not connect. Internal test point. 

37, 

38 

GROUND 

Circuit ground. All grounds should be connected together near the AD9005. 

39, 

40 

DNC 

Do not connect. Internal test point. 

41 


NC 

Not internally connected. 

42 


ANALOG -V s 

Negative analog supply pin. Nominally -5.2V dc. 

43 


-V ee 

Negative analog supply pin. Nominally -15V dc. 

44 


+v cc 

Positive analog supply pin. Nominally +15V dc. 

45 


ANALOG INPUT 

Analog input. Full scale of ± 1.024V. 

46 


GROUND 

Circuit ground. All grounds should be connected together near, the AD9005. 
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AD9005 


TIMING DIAGRAM 
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APPLICATIONS INFORMATION 

The AD9005 is a complete analog-to-digital converter. The 
AD9005 uses a subranging A/D architecture enhanced by hybrid 
technology. This includes an on-board track-and-hold amplifier, 
on-board references, timing circuitry and output latches. 

The analog input of the AD9005 is fed directly into the internal 
track-and-hold amplifier, thus eliminating the need for external 
signal conditioning in many applications. This amplifier pro- 
vides low input capacitance, and a bipolar (± 1.024V) input 
range. Normally reverse-biased Schottky diodes on the input 
provide overrange protection. If the amplitude, bandwidth or dc 
voltage level of the analog input signal calls for external signal 
conditioning, it is advisable to use an amplifier with low har- 
monic distortion and low noise characteristics. Selection of such 
an amplifier is difficult because the performance of the AD9005 
will likely exceed that of most commercially available amplifiers. 
A good choice would be the AD9610, a wideband, low noise, 
current feedback operational amplifier. It is important to re- 
member that band limiting the analog input signal can avoid 
aliasing during the A/D conversion process. 

Timing in the AD9005 is critical, and careful measures must be 
taken to support 12-bit accuracy. One simple way to enhance 
the performance of the AD9005 is to synchronize the system 
clock to a crystal oscillator. This will minimize any clock jitter, 
a must for maintaining the spectral purity of analog signals near 


Nyquist limits. Because the conversion cycle begins with the 
rising edge of the encode signal, a fast, clean rising edge will 
also help to reduce any clock jitter. 

When the ENCODE signal of the AD9005 goes HIGH, the 
internal track-and-hold enters the hold state; after 65ns, it 
returns to track mode. In applications in which the AD9005 is 
clocked slowly or intermittently (i.e., in burst mode), the en- 
code signal should be returned to a logic LOW state during the 
idle periods. 

The ENCODE signal pulse width should also be adjusted so 
that it is in the HIGH (hold) state for a minimum of 25ns. This 
ensures that the T/H enters the hold mode before the A/D con- 
version takes place. 

The AD9005 has many appealing characteristics for 12-bit A/D 
converter applications. Its dynamic performance is state-of-the- 
art in hybrid technology. Typical applications include radar, 
missile guidance, digital oscilloscopes, waveform analyzers, med- 
ical instrumentation, electro-optics, communications and ESM. 


TYPICAL AD9005 APPLICATION 



3-464 ANALOG-TO-DIGITAL CONVERTERS 




AD9005 


Layout Information 

The accuracy of a 12-bit converter, especially one with the 
dynamic performance level of the AD9005, requires that design- 
ers pay careful attention to printed circuit board layouts. Analog 
signal paths should be impedance matched, with termination/ 
load resistors at or near package connections. Analog signal 
paths should also be isolated from digital signal paths. Other- 
wise digital signals can be capacitively coupled into the analog 
section of the circuit, degrading the overall performance of the 
A/D converter. 

Digital switching noise on power supplies can also degrade con- 
verter performance. Because of this noise (inherent with TTL 
logic), the digital power supplies of the AD9005 should be sepa- 
rated from the analog power supplies. In addition, each power 
supply should be capacitively decoupled to ground. To accom- 
plish this, a single large value capacitor with a high resonant 
frequency (a 10|jlF tantalum capacitor for example) should be 
used on each of the AD9005’s power supplies, at or near the 
package. In addition, a lower value capacitor with good high 
frequency characteristics (a O.ljxF ceramic chip capacitor is rec- 
ommended) should be connected to each power supply pin 
connection. 

For applications in which only single + 5V and/or -5.2V sup- 
plies are available, a ferrite bead, placed in series between the 


analog and digital power pins, can be used to isolate the digital 
noise from the analog circuits. 

Noise on the circuit ground is often the limiting factor in A/D 
converter performance. Perhaps the most critical concerns of 
circuit layout are the ground connections. To reduce ground 
noise, a two-sided printed circuit board is recommended, the 
component side being reserved (as much as possible) for a sin- 
gle, low impedance ground plane. The other side should be used 
for all (possible) power and signal connections. Each of the 
ground connections of the AD9005 should be connected to the 
ground plane, and most of the area under the AD9005 should 
be part of this ground plane. The metal case of the AD9005 is 
connected to ground. 

Operation of the AD9005 requires that Pin 4, the output of the 
internal track-and-hold, be connected to Pin 5, the input to the 
AD9005’s A/D converter circuitry. A suggested layout, showing 
this connection, is shown below. 

A final suggestion regarding circuit layout concerns the use of 
sockets. Ideally, parts should be soldered into boards in final 
designs. If sockets must be used, individual pin sockets are 
recommended to avoid lead inductance and capacitive coupling 
between adjacent pins. Pin sockets are available from Amp, 
part #6—330808—0. 


SUGGESTED LAYOUT 


ENCODE 

COMMAND 




O 


O 


O 


O 


O 


O 



GND PLANE SIDE 


SOLDER SIDE 


COMPONENT MOUNTING 


(As Viewed from Top) 


(As Viewed from Top) 


(As Viewed from Top) 
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EVALUATION CIRCUIT 



AD9005 DYNAMIC PERFORMANCE (@ +25°C) 



0.1 1 10 

ANALOG INPUT FREQUENCY - MHz 
(ENCODE RATE = 10MSPS) 
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CONNECTOR 




r« ANALOG 

High Speed 6-Bit 

U DEVICES 

A/D Converters 

AD9006/AD9016 


FEATURES 

500MSPS Encode Rate 
Very Low Input Capacitance: 8pF 
30dB SNR @ 200MHz Analog Input 
MIL-STD-883 Available 
Bipolar Input Range (±1V) 
Demultiplexed Outputs (AD9016) 

APPLICATIONS 
Radar Warning Receivers 
Electronic Countermeasures 
Transient Recorders 
“Smart" Munitions 
Digital Oscilloscopes 


GENERAL DESCRIPTION 

The AD9006 and AD9016 are 6-bit, ultrahigh speed analog-to- 
digital converters. Both are fabricated in an advanced bipolar 
process, assuring exceptionally wide analog input bandwidth, 
and encode rates up to 500MSPS. Functionally, the AD9006 
and AD9016 use “flash” architecture; the outputs of 64 parallel 
comparator stages are decoded to drive a bank of ECL output 
latches. 

The AD9006 features a bipolar analog input range (±1V). Out- 
put data is provided in a single 6-bit data bank; the data is ECL 
compatible and also includes complementary Data Ready signals 
and an overflow bit. ECL-level control pins allow the user to 
invert the MSB and/or LSBs. The AD9006 exhibits excellent 
SNR performance (30dB SNR @ 200MHz input), and requires 
less than two watts of power. 

In the AD9016, the performance and features of the AD9006 
are combined with on-board demultiplexing circuits. Output 
data of the AD9016 are demultiplexed to two 6-bit data banks, 
each of which includes a Data Ready signal and overflow bit. 

The AD9006 and AD9016 are available as commercial tempera- 
ture range devices: 0 to +70°C; and military temperature range 
devices: -55°C to +125°C. Both versions are offered in a ce- 
ramic 68-pin LCC, and a ceramic 68-pin leaded package. Mili- 
tary temperature range devices comply with MIL-STD-883. 


AD9016 FUNCTIONAL BLOCK DIAGRAM 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

+V S to Ground -0.5V dc to +7.0V dc 

AGND to DGND -0.5V dc to +0.5V dc 

— V s to Ground +0.5V dc to -6.0V dc 

ANALOG IN, +V REF -V REF -1.5V to +1.5V 

MIDSCALE V REF 2 

+V REF to -V REF 2.1V 

MIDSCALE V REF Current . . ±4mA 

Digital Input Voltages -V s to 0V 


ENCODE to ENCODE 4V 

Digital Output Current 20mA 

HYSTERESIS Input -V s to +3V 

ANALOG -V s to DIGITAL -V s ±0.5V 

Operating Temperature Range 

AD9006/AD90 1 6KE/KZ 0 to +70°C 

AD9006/AD9016TE/TZ/883 -55°C to +125°C 

Maximum Junction Temperature 3 + 175°C 

Lead Soldering Temperature (lOsec) + 300°C 

Storage Temperature Range -65°C to + 150°C 


ELECTRICAL CHARACTERISTICS (+V S = +5.0V; -V S =-5.2V ; +V REF =+ IV; -V REF = -1V, unless otherwise noted) 


Parameter (Conditions) 

Temp 

Test 

Level 

AD9006/AD9016KE 

AD9006/AD9016KZ 

Min Typ Max 

Sub- 

Group 4 

AD9006/AD90I6TE/883 

AD9006/AD9016TZ/883 

Min Typ Max 

Units 

RESOLUTION 



6 


6 

Bits 

DC ACCURACY 











Differential Nonlinearity 

+25°C 

I 



Mm 

7 


0.2 

0.25 

LSB 


Full 

VI 




8 


0,25 

0.5 

LSB 

Integral Nonlinearity 

+25°C 

I 




7 


0.2 

0.25 

LSB 


Full 

VI 




8 


0.25 

0.5 

LSB 

No Missing Codes 

Full 

VI 

GUARANTEED 

7,8 

GUARANTEED 


INITIAL OFFSET ERROR 











Top of Reference Ladder 

+25°C 

I 


15 


7 


15 

bh 

mV 


Full 

VI 



20 

8 




mV 

Bottom of Reference Ladder 

+25°C 

I 


14 


7 


14 


mV 


Full 

VI 



■ 

8 




mV 

Offset Drift.Coefficient 

Full 

V 








|xV/°C 

ANALOG INPUT 











Input Voltage Range 

Full 



±1 




±1 


V 

Input Bias Current 5 

+25°C 



60 

■ 

1 


60 

100 

|xA 


Full 




130 

2,3 



130 

|jlA 

Input Resistance 

+25°C 


25 

70 


12 

25 

70 


kfl 

Input Capacitance 

+25°C 



8 

10 

12 


8 

10 

pF 

Analog Bandwidth 6 

+25°C 



550 




550 


MHz 

REFERENCE INPUT 











Reference Ladder Resistance 

+25°C 

I 

64 

80 

110 

1 

64 

80 

no 

n 


Full 

VI 

50 


135 

1,2,3 

50 


135 

a 

Ladder Temperature Coefficient 

Full 

V 


0.24 




0.24 


arc 

Reference Input Bandwidth 

Full 

V 


30 




30 


MHz 

DYNAMIC PERFORMANCE 7 











Conversion Rate 

+25°C 

I 

470 

500 


4 

470 

500 


MSPS 

Aperture Delay (t A ) 

+25°C 

V 


1.2 




1.2 


ns 

Aperture Uncertainty (Jitter) 

+25°C 

V 


3 




3 


ps 

Output Delay (t OD ) 8 

+25°C 

I 

2.7 

3.6 

4.4 

9 

2.7 

3.6 

4.4 

ns 

Output Rise Time 

+25°C 

I 


1.3 

1.5 

9 


1.3 

1.5 

ns 

Output Fall Time 

+25°C 

I 


1.3 

1.5 

9 


1.3 

1.5 

ns 

Output Time Skew 9 

+25°C 

I 


0.45 

0.7 

9 


0.45 

0.7 

ns 

Data Ready Output Delay (t DR ) 10 











AD9006 

+25°C 

I 

2.7 

3.2 

4.4 

9 

2.7 

3.2 

4.4 

ns 

AD9016 

+25°C 

I 

3 

3.6 

4.7 

9 

3 

3.6 

4.7 

ns 

Transient Response 11 

+25°C 

V 


1 




1 


ns 

Overvoltage Recovery Time 12 

+25°C 

V 


1 




1 


ns 
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AD9006/AD9016 


Parameter (Conditions) 

Temp 

Test 

Level 

AD9006/AD9016KE 

AD9006/AD90I6KZ 

Min Typ Max 

Sub- 

Group 4 

AD9006/AD90 16TE/883 
AD9006/AD9016TZ/883 

Min Typ Max 

Units 

ENCODE INPUT 











Logic “1” Voltage 

Full 

VI 

-1.1 



7,8 

-1.1 



V 

Logic “0” Voltage 

Full 

VI 



-1.5 

7, 8 



-1.5 

V 

Logic “1” Current 

Full 

VI 



400 

7,8 



400 

|xA 

Logic “0” Current 

Full 

VI 



200 

7, 8 



200 

p.A 

Input Capacitance 

+25°C 

V 


3 




3 


pF 

Encode Pulse Width 13 

+25°C 

I 

1.0 



4 

1.0 



ns 

AC LINEARITY 14 











Effective Number of Bits (ENOB) 











Analog Input @ 49MHz 

+25°C 

I 

5.2 

5.5 


4 

5.2 

5.5 


Bits 

Analog Input @ 196MHz 

+25°C 

I 

4.4 

5.0 


4 

4.4 

5.0 


Bits 

In-Band Harmonics 











Analog Input @ 9.3MHz 

+25°C 

I 

42 

48 


4 

42 

48 


dBc 

Analog Input @ 49MHz 

+25°C 

I 

38 

44 


4 

38 

44 


dBc 

Analog Input @ 92MHz 

+25°C 

I 

33 

36 


4 

33 

36 


dBc 

Analog Input @ 145MHz 

+25°C 

I 

33 

36 


4 

33 

36 


dBc 

Analog Input @ 196MHz 

+25°C 

I 

31 

36 


4 

31 

36 


dBc 

Signal-to-Noise Ratio 15 











(With Harmonics) 











Analog Input @ 9.3MHz 

+25°C 

I 

34 

37 


4 

34 

37 


dB 

Analog Input @ 49MHz 

+25°C 

I 

30 

35 


4 

30 

35 


dB 

Analog Input @ 92MHz 

+25°C 

I 

30 

34 


4 

30 

34 


dB 

Analog Input @ 145MHz 

+25°C 

I 

30 

33 


4 

30 

33 


dB 

Analog Input @ 196MHz 

-K25°C 

I 

29 

32 


4 

29 

32 


dB 

Signal-to-Noise Ratio 15 











(Without Harmonics) 











Analog Input @ 9.3MHz 

+25°C 

I 

36 

37 


4 

36 

37 


dB 

Analog Input @ 49MHz 

+25°C 

I 

33 

36 


4 

33 

36 


dB 

Analog Input @ 92MHz 

+25°C 

I 

33 

36 


4 

33 

36 


dB 

Analog Input @ 145MHz 

+25°C 

I 

33 

35 


4 

33 

35 


dB 

Analog Input @ 196MHz 

+25°C 

I 

31 

34 


4 

31 

34 


dB 

Two-Tone Intermodulation 











Distortion Rejection 16 

+25°C 

V 


50 




50 


dB 

DIGITAL OUTPUTS 7 











Logic “1” Voltage 

Full 

VI 

-1.1 



1, 2, 3 

-1.1 



V 

Logic “0” Voltage 

Full 

VI 



-1.5 

1,2,3 



-1.5 

V 

POWER SUPPLY (AD9006) 











Positive Supply Current 

+25°C 

I 


25 

29 

1 


25 

29 

mA 

(+V S = + 5.0V) 

Full 

VI 



30 

2,3 



30 

mA 

Negative Supply Current 

+25°C 

I 


320 

380 

1 


320 

380 

mA 

(~V S = -5.2V) 

Full 

VI 



395 

2,3 



395 

mA 

Nominal Power Dissipation 

+25°C 

V 


1.7 




1.7 


W 

Reference Ladder Dissipation 

+25°C 

V 


50 




50 


mW 

Power Supply Rejection Ratio 17 

Full 

VI 


2 

4 

7 


2 

4 

mV/V 

POWER SUPPLY (AD9016) 











Positive Supply Current 

+25°C 

I 


25 

29 

1 


25 

29 

mA 

(+V S = + 5.0V) 

Full 

VI 



30 

2, 3 



30 

mA 

Negative Supply Current 

+25°C 

I 


375 

420 

1 


375 

420 

mA 

(-V s = -5.2V) 

Full 

VI 



450 

2,3 



450 

mA 

Nominal Power Dissipation 

+25°C 

V 


2.0 




2.0 


W 

Reference Ladder Dissipation 

+25°C 

V 


50 




50 


mW 

Power Supply Rejection Ratio 17 

Full 

VI 


2 

4 

7 


2 

4 

mV/V 


For applications assistance, phone Computer Labs Division at (919) 668-9511. 
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NOTES 

Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
2 +V REF >— V REF under all circumstances. 

3 Typical thermal impedances: 

68-pin leaded ceramic chip carrier 0 JA = 31°C/W; 0 JC = 1.1°C/W. 

68-pin ceramic LCC 0 JA = 36°C/W; 0 JC = 2.6°C/W. 

4 Subgroups apply only to military qualified devices. 

5 Measured with analog input = OV. 

6 Measured with use of Fast Fourier Transform (FFT). See Definitions. 

7 Outputs terminated through 1000 to -2.0V; C L <4pF 

8 Measured from 50% point of leading edge of ENCODE command to -1.3V point of output data. 

9 Output time skew includes HIGH-to-LOW and LOW-to-HIGH transitions as well as bit-to-bit time skew differences. 

10 Measured from 50% point of trailing edge of ENCODE command to 50% point of Data Ready pulse. 

“For full scale step input, 6-bit accuracy is attained in the specified time. 

“Recovers to 6-bit accuracy in specified time after 150% full scale input overvoltage. 

“ENCODE command rise/fall times should be less than 2.5ns for normal operation. 

“Measured at 400MSPS encode rate; input level l.OdB below full scale (FS). 

“RMS signal to rms noise with analog input signal of ldB below full scale at specified frequency. 

“Intermodulation measured with analog input frequencies of 60MHz and 70MHz at 7dB below full scale. 

“Measured at +V S = 4-5.0V ±5% or -V s = -5.2V ±5%; specification shown is for worst case (see Definitions). 

Specifications subject to change 'without notice. 


EXPLANATION OF TEST LEVELS 

Test Level 

I - 100% production tested. 

II - 100% production tested at +25°C, and sample tested 

at specified temperatures. 

III - Sample tested only. 

IV - Parameter is guaranteed by design and characterization 

testing. 

V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper- 
ature extremes for commercial/industrial devices. 


EXPLANATION OF SUBGROUPS 

Subgroup 1 

- Static tests at +25°C. (5% PDA calculated 
against Subgroup 1 for high-rel versions) 

Subgroup 2 

- Static tests at maximum rated operating 
temperature. 

Subgroup 3 

Static tests at minimum rated operating 
temperature. 

Subgroup 4 

Dynamic tests at +25°C. 

Subgroup 5 

Dynamic tests at maximum rated operating 
temperature. 

Subgroup 6 

Dynamic tests at minimum rated operating 
temperature. 

Subgroup 7 

Functional tests at +25°C. 

Subgroup 8 

Functional tests at maximum and mini- 
mum rated temperatures. 

Subgroup 9 

Switching tests at +25°C. 

Subgroup 10 

Switching tests at maximum rated operat- 
ing temperature. 

Subgroup 11 

- Switching tests at minimum rated operat- 
ing temperature. 

Subgroup 12 

- Periodically sample tested. 
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Definitions - AD9006/AD9016 


DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth 

The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is re- 
duced by 3dB. 

Aperture Delay (t A ) 

The delay betwee n the rising edge of the ENCODE command 
(or falling edge of ENCODE) and the instant at which the ana- 
log input is sampled. 

Aperture Uncertainty (Jitter) 

The sample-to-sample variation in aperture delay. 

Data Ready Output Delay (t DR ) 

The delay between the 50% point of th e falling ed ge of the 
ENCODE command (or rising edge of ENCODE) and the 
-1.3V point of the leading edge of the DATA READY pulse. 

Differential Nonlinearity 

The deviation of any code from an ideal 1LSB step. 

Effective Number of Bits (ENOB) 

Signal-to-noise ratio (see definition below) is expressed in dB; 
but can also be expressed in Effective Number of Bits (ENOB) 
if ENOB is related to full scale inputs as follows: 

ENOB = (SNR -1.78)/6.02 
ENOB is calculated with a sine wave curve fit method. 

In-Band Harmonics 

The rms value of the fundamental divided by the rms value of 
the worst of the first six harmonics. 

Integral Nonlinearity 

This specification (often called “linearity error”) is the deviation 
of the transfer function from a reference line and is expressed in 
either % or ppm of full scale range, or in fractions of 1LSB. In 
the AD9006 and AD9016 devices, this spec is measured in frac- 
tions of 1LSB and uses a best-fit straight line determined by a 
least square curve fit. 

Output Delay (t OD ) 

The delay between the 50% point of the rising edge of the EN- 
CODE command (or falling edge of ENCODE) and the - 1.3V 
point of output data. 

Output Time Skew 

Bit-to-bit time variations among Bits D 0 to D 5 and the overflow 
bit. In the AD9006 and AD9016 specifications, time skew in- 
cludes HIGH-to-LOW and LOW-to-HIGH transitions of the 
digital output bits. 


Overvoltage Recovery Time 

The amount of time required for the converter to recover to 6- 
bit accuracy after an analog input overvoltage signal of 150% is 
reduced to the valid range of the converter. 

Pipeline Delay 

This is equal to one clock cycle and is the delay between the 
50% points on the rising edges of two suc cessive ENCODE 
commands (or falling edges of ENCODE commands). 

Power Supply Rejection Ratio 

The ratio of the change in power supply voltage to a 
corresponding change in input offset voltage. In the AD9006 
and AD9016 units, +V S (+5V) or -V s (-5.2V) are within 
±5% of their nominal values for this test. Value shown in 
SPECIFICATIONS is worst case. 

Signal-to-Noise Ratio (SNR) 

The ratio of the rms signal amplitude to the rms value of 
“noise”, which is defined as the sum of all other spectral com- 
ponents, including harmonics but excluding dc, with an analog 
input signal ldB below full scale. 

Transient Response 

The time required for the converter to achieve 6-bit accuracy 
when a full scale step function input is applied to the unit. 

Two-Tone Intermodulation Distortion (IMD) Rejection 

The ratio of the power of a two-tone signal to the power of the 
strongest third-order IMD signal. 


RECOMMENDED OPERATING CONDITIONS 


Input Voltage 


Parameter 

Min 

Nominal 

Max 

+v s 

+4.75 

+ 5.00 

+ 5.25 

-V s 

-5.46 

-5.20 

-4.94 

+ Vref 

“V RE; p 

+ 1.0 

+ 1.1 

~v ref 

-1.1 

-1.0 

+ V REF 

ANALOG INPUT 

-1.0 


+ 1.0 
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AD9016 Pin Designations 


AD9006 Pin Designations 


AD9006/AD90 16 PIN DESCRIPTIONS 

Not internally connected. 

ANALOG IN Analog input connection. Analog input is 

nominally between -1.0V and + 1.0V. 

ANALOG +V S Positive supply pins; nominally +5.0V. 

+ Vref The positive reference voltage applied to 

the internal resistor ladder. 


+V SENSE Voltage sense line to the most positive 

reference voltage of the resistor ladder. 
The sense line is intended for connection 
to a high impedance node and has limited 
current capability. It is intended to be 
used to null offset at the top of the 
reference ladder. 


GROUND 


OVERFLOW 

INHIBIT 


BIT INVERT 
(MSB) 


Analog and digital ground connections for 
the AD9006/AD9016 units. For optimum 
performance, all grounds should be 
connected together and to a low impedance 
ground plane as close to the device as 
possible. [NOTE: On both the AD9006 
and the AD9016, Pins 8, 9,, 15, 16, 35, 36, 
56 and 57 are digital ground (DGND); 
pins 67 and 68 are analog ground 
(AGND).] 

Overflow bit control pin. OVERFLOW 
INHIBIT is connected to ground for . 
normal operation (no overflow bit, 
nonreturn- to- zero operation). When 
overflow inhibit is connected to -5.2V or 
allowed to float, OVERFLOW = HIGH 
and output bits = LOW when the analog 
input voltage exceeds +V SENSE ). 

Most significant bit (D os ) control pin. BIT 
INVERT (MSB) is connected to ground 
for normal operation. When connected to 
-5.2V or allowed to float, MSB output is 
inverted. 


D 0 -D 4 

INVERT 

OVERFLOW a 


d 5A 

Dia - D 4A 

Doa 

DATA READY a 

DIGITAL -V s 
ANALOG -V s 
OVERFLOW*, 

D 5 b 

Dib - D4B 

Dob 


Bits D 0 -D 4 control pin, connected to 
ground for normal operation. When 
connected to -5.2V or allowed to float, 
D 0 -D 4 data outputs are inverted. 

AD9016 only. Overflow data output for 
Data Bank “A.” Logic HIGH indicates 
the analog input is greater than +V SENSE 
when OVERFLOW INHIBIT pin is 
LOW (— 5.2V). 

AD9016 only. Most significant bit (MSB) 
digital data output of Data Bank “A.” 

AD9016 only. D 1A through D 4A digital 
data outputs from Data Bank “A.” 

AD9016 only. Least significant bit (LSB) 
digital data output of Data Bank “A.” 

AD9016 only. Output Data of Bank “A” 
are valid at the rising edge of the DATA 
READY a pulse. Bank “A” carries every 
other sample of the A/D conversion; Bank 
“B” carries the remaining samples. 

Negative digital supply pins, nominally 
-5.2V. 

Negative analog supply pins, nominally 
-5.2V. 

AD9016 only. Overflow data output for 
Data Bank “B.” Logic HIGH indicates 
analog input is greater than +V SENSE 
when OVERFLOW INHIBIT pin is 
LOW (-5.2V). 

AD9016 only. Most significant bit (MSB) 
digital data output of Data Bank “B.” 

AD9016 only. D 1B through D 4B digital 
data outputs of Data Bank “B.” 

AD9016 only. Least significant bit (LSB) 
digital data output of Data Bank ‘’B.” 


3-472 ANALOG-TO-DIGITAL CONVERTERS 



AD9006/AD9016 


DATA READY b 

HYSTERESIS 

MIDSCALE 

Vref 

ENCODE 

ENCODE 

~V SENSE 

~V REF 

D 0 

D,-D 4 

d 5 

OVERFLOW 

DATA READY 
DATA READY 


AD9016 only. Output data of Bank “B” 
are valid at the rising edge of the DATA 
READY b pulse. Bank “B” carries every 
other sample of the A/D conversion; Bank 
“A” carries the remaining samples. 

The hysteresis control voltage varies the 
amount of hysteresis in the internal 
comparators. This pin normally floats at 
-3.17V; making pin more positive 
increases the hysteresis of the internal 
comparators. 

The midpoint tap on the internal reference 
ladder; can be connected to an external 
voltage to improve integral linearity of the 
A/D converter. 

ECL-compatible noninverted input of the 
encode command. The conversion cycle 
begins on the rising edge of the ENCODE 
signal. 

ECL-compatible inverted input of the 
encode command, used when a differential 
encode signal is used. ENCODE should be 
tied to a voltage corresponding to the 
midpoint of the encode signal when a 
single-ended encode signal is used. 

Voltage sense line to the most negative 
reference voltage of the resistor ladder. 

The sense line is intended for connection 
to a high impedance node and has limited 
current capability. It is intended to be 
used to null offset at the bottom of the 
reference ladder. 

The negative reference voltage applied to 
the internal resistor ladder. 

AD9006 only. Least significant bit (LSB) 
of the output data. 

AD9006 only. D t through D 4 digital data 
outputs. 

AD9006 only. Most significant bit (MSB) 
of digital data output. 

AD9006 only. Overflow data output. 

Logic HIGH indicates the analog input is 
greater than +V SENSE when OVERFLOW 
INHIBIT pin is LOW (-5.2V). 

AD9006 only. Output data are valid at the 
rising edge of the DATA READY pulse. 

AD9006 only. Out put data valid at the 
falling edge of the DATA READY pulse. 


THEORY OF OPERATION 

Refer to the block diagram of the AD9016 A/D converter. 

“Flash” architecture used in the AD9006 and AD9016 units 
makes it unnecessary to use a track-and-hold (T/H) ahead of the 
converter in many applications. The analog input signal is im- 
pressed across 64 parallel comparator stages. 

Bias points of these comparators are established by the voltages 
applied to the reference ladder via +V REF , MIDSCALE ref and 

— v ref - 

The outputs of the comparators are applied to the decoding 
logic; from here, the data are applied to output latches as six 
bits of digital data and an overflow bit. The overflow bit can be 
used to stack converters to obtain additional bits of resolution 
and can also be used as a “flag” for indicating positive out-of- 
range inputs. 

Capturing output data at the (guaranteed) encode rates of 
470MSPS of the AD9016 is simplified by virtue of using two 
Data Ready pulses. Output data words alternate between Bank 
A and Bank B; this allows clocking demultiplexed data from the 
AD9016 at half the converter’s sample rate. 

The Data Ready pulses track the propagation delay of the out- 
put data and relieve the need to build an external clock circuit 
for tracking prop delay over the full operating temperature 
range. 

Demultiplexed ports connected to Bank A and Bank B allow the 
user to capture output data with 100K ECL logic even when the 
converter is operating at 470MSPS. The AD9016 introduces 
only one pipeline delay in the processing of these digital output 
data, thereby reducing the number of clock cycles required to 
obtain the digital representation of the analog input at the ap- 
propriate output port. 

The analog input voltage range is determined by the user- 
supplied voltage references: +V REF and — V REF . The references 
can be adjusted between -IV and + 1V. In all cases, +V REF 
should be greater than -V REF ; and the differential voltage be- 
tween the references should not exceed 2.1V. MID SCALE 
V REF can be used to improve the integral linearity of the 
converter. 

Another attractive feature of the analog input characteristics of 
the AD9016 is its low input capacitance of 8pF. In many other 
flash converters, this value is three or four times larger, making 
them difficult to drive at high input frequencies. 

For those applications in which a single output port is preferred, 
the recommended choice is the AD9006 A/D converter. 

The AD9006 is identical to the AD9016 in performance specifi- 
cations; it is best suited for systems in which demultiplexing is 
not performed immediately after the flash converter. As in the 
AD9016, the AD9006 produces Data Ready pulses on chip; 
these can be used to clock external latches. 

There are two control pins for determining the format of the 
output data on the AD9006/AD9016. BIT INVERT (MSB) al- 
lows the user to invert the most significant bit (D0 5 ); and D 0 - 
D 4 INVERT allows the five least significant bits to be inverted. 
The AD9006/AD9016 Truth Table elsewhere in the data sheet 
provides the necessary information to select among binary, in- 
verted binary, twos complement and inverted twos complement 
coding schemes. 
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The OVERFLOW INHIBIT pin controls the overflow bit 
(called out as OVERFLOW BIT in the AD9006, and OVER- 
FLOW a and OVERFLOW B in the AD9016). In normal opera- 
tion, the OVERFLOW INHIBIT is connected to -5.2V, and 
OVERFLOW will be a digital HIGH whenever the analog input 
voltage exceeds the most positive comparator reference 
(+V SENSE ). The digital outputs (D 0 - D 5 ) will be LOW, i.e., 
returned-to-zero operation. 

This feature means two AD9006 devices can be cascaded or 
“stacked” to obtain seven-bit operation, as shown in the dia- 
gram below. 

Connecting OVERFLOW INHIBIT to ground forces the 
overflow bit to remain low and disables the return-to-zero 
operation. 

Timing for the AD9006 and AD9016 is shown in their respec- 
tive timing diagrams. In both illustrations, the complementary 
encode command is shown in dashed lines. 



t A - APERTURE DELAY 

t OD - OUTPUT DELAY 

tpQ - PIPELINE DELAY 

t DR - DATA READY OUTPUT DELAY 


AD9006 Timing Diagram 


ANALOG 

INPUT 


ENCODE 


ENCODE 


DATA 

BANKA 


DATA READY 
BANKA 


DATA 
BANK B 


DATA READY 
BANK B 

t A - APERTURE DELAY 

t OD ~ OUTPUT DELAY 

t PD - PIPELINE DELAY 

t DR - DATA READY OUTPUT DELAY 


AD9016 Timing Diagram 



The DATA READY and DATA READY pulses of the AD9006 
correspond, respectively, to the DATA READY BANK A and 
DATA READY BANK B pulses of the AD9016. As shown in 
the SPECIFICATIONS table, Data Ready Output Delay is 
slightly different in the two units: 3.2ns in the AD9006 and 
3.6ns in the AD9016. 

Availability and timing of a DATA READY pulse help in re- 
trieving data from either the AD9006 or the AD9016. When 
setting system timing, the user simply takes into account the 
(single) pipeline delay and the Data Ready Output Delay (3.2ns 
in the AD9006; 3.6ns in the AD9016) and uses the next DATA 
READY (or DATA READY in the AD9006) to strobe the de- 
sired output into external circuits. 
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APPLYING THE AD9006/AD9016 


AD9006/AD9016 


Setting Reference Levels 

The AD9006/AD9016 requires that the user provide two voltage 
references: +V REF and -V REF . These two voltages are applied 
across the internal resistor ladder (nominally 80fl) and deter- 
mine the analog input range of the converter. 

Care should be taken to assure that these references are driven 
from stable, low impedance sources. Reference connections 
should be capacitively coupled to ground to reduce interference 
generated by noise and/or digital switching. 

Resistance between the reference connections and the point at 
which the first comparator threshold is connected causes offset 
errors. These errors, called “top and bottom of the ladder 
offsets,” can be nulled out using the +V SENSE and ~V SENSE 
connections. These sense lines are intended for connection only 
to high impedance (low current) nodes such as the input of an 
op amp. 

Applying a voltage greater than 2.1V across the internal resistor 
ladder will cause current densities to exceed rated values and 
may cause permanent damage to the AD9006/AD9016.The 
amount of current available at the reference connections must be 
limited. 


One method of nulling the offset errors is shown in Figure 1 . 

The Analog Devices AD 1403 voltage reference supplies a 
stable 2.5V reference for the circuit, and R L imit determines 
the range over which the reference can be adjusted. Ri adjusts 
the voltage at the top of the internal reference ladder through 
the AD642/2N3904 combination. Feedback from the +V SENSE 
line causes the op amp to compensate for offset which appears at 
the top comparator threshold. The transistor limits the amount 
of current drawn directly from the op amp; resistors at the base 
and emitter of the transistor stabilize its operation. 

Voltage at the bottom of the reference ladder is controlled in 
essentially the same way, using R 2 to adjust the reference ladder 
voltage; and using feedback from the ~V SENSE connection to 
null any offset between the reference and the threshold of the 
bottom comparator. 

The midpoint of the comparator reference ladder (MIDSCALE 
Vref) i s shown tied to ground in Figure 1. This allows the user 
to adjust the voltage reference for minimum integral nonlinear- 
ity. This feature becomes important in applications with reduced 
analog input ranges because integral nonlinearity increases under 
these conditions. 



Driving the Analog Input 

Careful design and layout of the AD9006/AD9016 have resulted 
in a typical input capacitance of 8pF (9.5pF max). This is low 
in comparison to most flash converters, but it is still a signifi- 
cant load at high input frequencies and must be taken into ac- 
count when choosing a drive amplifier. 

DC-coupled applications require the performance characteristics 
of a wide bandwidth, low distortion op amp such as the Analog 
Devices AD9611. AC-coupled applications at high frequencies 
may be better served by using a low distortion gain block for 
the driver. 


Figure 2 illustrates possible connections for both approaches. 

Regardless of which driving circuit is selected for the applica- 
tion, the overall dynamic performance of the amplifier is en- 
hanced by inserting a small series resistor between the output of 
the amplifier and the analog input of the converter. 

Clocking the Converter 

The encode command circuits of the AD9006/AD9016 
(ENCODE and ENCODE) are designed to be driven by a dif- 
ferential ECL source. 
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ANALOG 

SOURCE 



+V S -V s 


ANALOG 

SOURCE 

( 500 ) 



b. 

Figure 2. Analog Input Circuits 


A differential signal is recommended as the encode command to 
reduce jitter of the encode signal; increased jitter raises the noise 
floor of the converter. Full logic levels are preferred for trigger- 
ing the clock circuits, but reduced levels can also be used. Cau- 
tion should be exercised when using reduced-level encode com- 
mands because their slew rates will be decreased, which can 
raise the noise floor. 

Refer again to the timing diagrams for the AD9006 and AD9016. 

The rising edge of the ENCODE signal initiates the conversion 
process in the AD9006 unit. This same s ignal, delayed, b ecomes 
the DATA READY and complementary DATA READY 
pulses. Fast rise and fall times (<0.5ns) and “clean” edges are 
always required for encode commands, but are especially critical 
for high frequency analog signals. 

In the AD9016, the leading edges of the DATA READY a and 
DATA READY B pulses are triggered by the trailing edge of an 
ENCODE command. Their trailing edges are triggered by the 
trailing edge of the next ENCODE command. 

Although the AD9006/AD9016 is designed and tested to operate 
with a 50% duty cycle, the dynamic performance at high encode 
rates can be improved by changing the duty cycle. 

Two possible methods of clocking the AD9006/AD9016 are 
shown in Figure 3. Users planning to implement these circuits 
need to be aware they may not function over the same tempera- 
ture ranges possible with the converters. 

Both ECL oscillators and saw filter oscillators are available as 
comercial products, with each type operating at some pre- 
selected frequency. The type of oscillator which is selected is a 


function of the desired operating frequency for the circuit being 
designed. 

Layout and Power Supplies 

Correct layout of high speed circuits is always critical, but is 
particularly important when both analog and digital signals are 
involved. 

Analog signal paths should be kept as short as practical, and be 
properly terminated to avoid reflections and signal distortions. 
The analog input and voltage references should be kept away 
from digital signal paths; this reduces the possibility of capac- 
itvely coupling digital switching noise into the analog section of 
the circuit. 

Digital signal paths should also be kept short, and digital run 
lengths should be matched because propagation delays through 
digital paths become significant at high data rates. Proper ECL 
terminations should be used at or near the packages containing 
successive gates. 

Ideally, analog signal paths and digital signal paths should be 
routed as far away from one another as possible and should 
never closely parallel one another’s paths. If they must cross, 
they should do so at right angles to avoid interference. 

In any layout of high speed circuits, the layout of ground con- 
nections is the most important factor. To reduce noise and inter- 
ference on the circuit ground, a double-sided copper-clad 
printed circuit board (PCB) is recommended. Every part of the 
board not used for components or conducting runs should be 
ground plane. Components are mounted on one side; the oppo- 
site side is used for power and signal connections. 



b. 


Figure 3. Clock Circuits 
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AD9006/AD9016 


It is especially important to retain the continuity of the ground 
plane under and around the AD9006/AD9016 converter. If the 
system design separates the digital and analog ground returns, 
both should be connected together and to ground close to the 
unit to form a continuous ground plane around the A/D section 
of the system. 

Low noise, low ripple temperature-stable linear power supplies 
are the preferred choices for high speed circuits. Switching 
power supplies often seem to meet these criteria, including rip- 
ple specifications. But ripple specs are generally expressed in terms 
of rms - and the spikes generated in switchers can produce hard- 
to-filter, uncontrollable noise peaks with amplitudes of several 
hundred millivolts. Their high frequency components may be 
extremely difficult to keep out of the ground system. 

If switching power supplies cannot be avoided for high speed 
designs, they should be carefully shielded and their outputs 
should be well filtered. 

Every power supply line leading into a high speed PCB or data 
acquisition circuit must be carefully bypassed to its ground re- 
turn to prevent noise from entering the circuit. Ceramic capaci- 
tors, ranging in value from 0.01|xF to 0.1 |jlF, should be used 
generously in the layout, mounted as closely as possible to the 
device or circuit being bypassed. 

The capacitors which are used should have a high resonant fre- 
quency to insure they maintain their characteristics in the range 
of frequencies involved in the encoding process. Ceramic surface 
mount (chip) capacitors meet that requirement and are easily 
placed near the package connections. 


At least one high quality tanatalum capacitor of 3|xF- 20|xF 
should be assigned to each power supply voltage, mounted as 
near as possible to the incoming power pins to minimize low 
frequency ripple. 

Handling the AD9006/AD9016 Package 

Several precautions have been included in the design of the 
AD9006/AD9016 converter to help reduce its sensitivity to elec- 
trostatic discharge (ESD). But the user should always use nor- 
mal ESD precautions to help insure device reliability and avoid 
degrading the unit’s performance. 

Package options which are available include both leaded and 
leadless 68 -pin ceramic chip carriers; these are shown in the data 
sheet as leaded ceramic chip carrier and leadless chip carrier 
(LC), respectively. Both of these packages have been specially 
designed to maintain the converter’s high frequency parameters 
while operating over a standard military temperature range. 

Regardless of package type, the top of the package (containing 
the model number and the Analog Devices logo) is internally 
connected to the device substrate and is designed to be used as a 
heat sink. The substrate is connected to — V s internally; there- 
fore the top of the package should be allowed to “float” in volt- 
age. The bottom of the package is not connected internally on 
the device. 

High speed devices such as the AD9006/AD9016 converters 
should be soldered into final applications. There is a temptation 
to use sockets, but they can limit dynamic performance and 
should be used only for evaluation or prototype applications. 


Step 

Input Voltage 
(FS = ±1.0V) 

True 

Binary 

Inverted 

Offset Twos Complement 

True Inverted 

00 

- 1.000 

MSB INVERT 

d 0 -d 4 inv= 
000000 

= 1 MSB INVERT = 0 . 

1 d 0 -d 4 inv = o 

linn 

MSB INVERT = 0 

d 0 -d 4 inv=i 
100000 

MSB INVERT -1 

d 0 -d 4 inv=o 
011111 

01 

-0.968 

000001 

111110 

100001 

011110 

31 

-0.031 

011111 

100000 

111111 

000000 

32 

0.000 

100000 

011111 

000000 

111111 

33 

+0.031 

100001 

011110 

000001 

111110 

62 

+0.938 

111110 

000001 

011110 

100001 

63 

+0.969 

linn 

000000 

011111 

100000 

63 + 

+ 1.000 

(0)111111* 

(0)000000* 

(0)011111* 

(0)100000* 



(1)000000# 

(1)111111# 

(1)100000# 

(1)011111# 


♦OVERFLOW INHIBIT = “1”; #OVERFLOW INHIBIT = “0.” 

The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT, D 0 -D 4 INVERT 

and OVERFLOW INHIBIT are considered dc controls. They are tied to ground for logic “1” and — V s for logic “0”; their 

“trip point” occurs at approximately -1.3V. 


AD9006/AD9016 Truth Table 
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ANALOG INPUT - Volts 

Input Capacitance vs. Input Voltage 
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TO 
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STAGES 


DC BIAS 


ANALOG -V s 



INPUT FREQUENCY - MHz 

SNR and Effective Number of Bits (ENOB) vs. Input 
Frequency 



Equivalent Analog Input 


Normalized 50Q Input Impedance vs. Input Frequency 
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Equivalent Digital Outputs 


Reference Ladder 



FFT of AD9006/AD9016 FFT of AD9006/AD9016 


400MSPS: F /n = 14.8MHz; V IN =1.0dB Below FS 400MSPS: F IN = 192MHz; V IN = I.OdB Below FS 
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ANALOG 



Connections for 7-Bit Operation 


DIGITAL OUPUTS 
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AD9016/PCB Block Diagram 


AD9006/AD9016 









+5.0V -5.2V 



AD9006/AD901 6 Burn-In Diagram 


MIL-STD-883 Compliance Information 

The AD9006/AD9016TE/TZ/883 devices are classified within 
Microcircuits Group 57, Technology Group D (bipolar A/D con- 
verters) and are constructed in accordance with MIL-STD-883. 
The AD9006/AD9016 are electrostatic sensitive and fall within 
electrostatic sensitivity classification Class 1 . Percent Defective 
Allowance (PDA) is computed based on Subgroup 1 of the speci- 


fied Group A test list. Quality Assurance (QA) screening is in 
accordance with Alternate Method A of Method 5005. 

The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes T a = T c = Tj.) MIL-STD-883-compliant devices are 
marked with “C” to indicate compliance. 


ORDERING INFORMATION 


Model 

Temperature 

Description 

Package 

Options* 

AD9006KE 

0 to +70°C 

68-Pin Ceramic LCC 

E-68A 

AD9006KZ 

0 to +70°C 

68-Pin Leaded Ceramic Chip Carrier 

Z-68 

AD9016KE 

0 to +70°C 

68 -Pin Ceramic LCC 

E-68A 

AD9016KZ 

0 to +70°C 

68-Pin Leaded Ceramic Chip Carrier 

Z-68 

AD9006TE/883 

-55°C to + 125°C 

68-Pin Ceramic LCC 

E-68A 

AD9006TZ/883 

-55°C to +125°C 

68-Pin Leaded Ceramic Chip Carrier 

Z-68 

AD9016TE/883 

-55°C to +125°C 

68-Pin Ceramic LCC 

E-68A 

AD9016TZ/883 

-55°C to +125°C 

68-Pin Leaded Ceramic Chip Carrier 

Z-68 

AD9016KE/PCB 

0 to +70°C 

Evaluation Board; AD9016KE Installed 


AD9016/PCB 

0 to +70°C 

Evaluation Board; No Converter 



*See Section 14 for package outline information. 
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□ ANALOG 
DEVICES 


AD9011 


8-Bit, 100MSPS 
A/D Converter 


FEATURES 

On-Board Amplifier and Reference 
100MSPS Encode Rate 
Internal Input Clamping Circuit 
Multiple Gain Selection 
Bipolar Inputs 

APPLICATIONS 
Radar Guidance 

Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 


GENERAL DESCRIPTION 

The AD9011 is a high-speed 8-bit A/D converter which includes 
an amplifier and a voltage reference in the same package. The 
integration of these functions in one package optimizes dynamic 
performance while saving board space and design time. 

The current-feedback amplifier in the AD901 1 features an 80MHz 
bandwidth at gains of — 1, -2 and -4. Voltage gain is selectable 
by applying the input signal to different pins. Internal clamping 
circuits protect the input of the A/D converter while still main- 
taining fast overvoltage recovery times. The AD901 1 also includes 
a voltage reference with a drift of less than 40ppm/°C, providing 
accurate operation over the full temperature range. 


AD9011 FUNCTIONAL BLOCK DIAGRAM 



BIT 1 (MSB) 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 

BIT 8 (LSB) 


REFERENCE 

OUTPUT 


An 8-bit A/D converter performs the high speed digitizing function 
within the AD9011. Fabricated in an advanced bipolar process, 
this ADC provides excellent dynamic performance at low power. 
The digital outputs are ECL compatible. 

The AD901 1 is available in two grades, one with 0.5LSB linearity 
and one with 0.75 LSB linearity. Both versions are offered as a 
commercial temperature range device, 0 to + 70°C, and as an 
extended temperature device, - 55°C to + 125°C. All grades are 
packaged in a 24-pin metal DIP package. 


ORDERING INFORMATION 


Device 

Linearity 

Temperature Range 

Description 

Package 

Options* 

AD9011JM 

0.75LSB 

0 to + 70°C 

24-Pin DIP 

M-24A 

AD9011KM 

0.5LSB 

Oto +70°C 

24-Pin DIP 

M-24A 

AD9011SMB 

0.75LSB 

-55°Cto + 125°C 

24-Pin DIP 

M-24A 

AD9011TMB 

0.5LSB 

— 55°Cto+125°C 

24-Pin DIP 

M-24A 


*See Section 14 for package outline information. 


A NA L OG- TO-DIGITAL CONVERTERS 3-483 








SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Positive Supply Voltage (Vex:) + 6V 

Negative Supply Voltage (V EE ) - 6V 

Analog Input Voltage (Pin 1) ± 3V 

Analog Input Voltage (Pin 2) ± 1.5V 

Analog Input Voltage (Pin 3) ± 0.75V 

Digital Input Voltage . . . . V EE to 0V 

ENCODE to ENCODE Differential Voltage 4V 

Digital Output Current 20mA 


Reference Output Current 20mA 

Package Dissipation Limit ( + 25°C Free Air) 2 3.3W 

Operating Temperature Range 

AD901 1 JM/KM (Case) . 0to+70°C 

AD901 1SMB/TMB (Case) -55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature + 165°C 

Lead Soldering Temperature (lOsec) + 300°C 


ELECTRICAL CHARACTERISTICS -u, , G = - 1, unless otherwise stated) 



Test 

Ml 

AD901IJM/AD90IIKM 

AD901ISMB/AD901ITMB 


Parameter 

Level 


Min Typ Max 

Min Typ Max 

Units 

RESOLUTION 

IV 

1 

8 

8 

Bits 

STATIC ACCURACY 






Differential Nonlinearity AD901 I JM/'SMB 

I 

+ 25°C 

0.6 0.75 

0.6 0.75 

LSB 


VI 

Full 

1.0 

1.0 

LSB 

AD90 1 1 KM/T MB 

I 

+ 25°C 

0.4 0.5 

0.4 0.5 

LSB 


VI 

Full 

0.75 

0.75 

LSB 

Integral Noninearity AD901 1 JM/SMB 

I 

+ 25°C 

0.6 1.0 

0.6 1.0 

LSB 


VI 

Full 

1.2 

1.2 

LSB 

AD901 1KM/TMB 

I 

+ 25°C 

0.4 0.5 

0.4 0.5 

LSB 


VI 

Full 

1.2 

1.2 

LSB 

No Missing Codes 

VI 

Full 

GUARANTEED 

GUARANTEED 


Gain Error 

I 

+ 25°C 

±0.2 ±1.0 

±0.2 ±1.0 

%FS 


VI 

Full 

±0.3 ±1.0 

±0.5 ±2.5 

%FS 

Offset Error 3 

I 

+ 25°C 

±4 

±4 

mV 


VI 

Full 

±6 ±13 

±10 ±24 

mV 

ANALOG INPUT 






Input Voltage Range Pin 1 (G = - 1 ) 

V 

Full 

2 

2 

Vp-p 

Input Voltage Range Pin 2 (G = -2) 

V 

Full 

1 

1 

Vp-P 

Input Voltage Range Pin 3 (G = - 4) 

V 

Full 

0.5 

0.5 

Vp-p 

Input Resistance G = — 1, -2, -4 

V 

+ 25°C 

lkO/|G| 

lkn/|G| 

Ohms 

Input Capacitance 

IV 

+ 25°C 

2 5 

2 5 

pF 

Large Signal Input Bandwidth ( - 3dB) 4 

V 

+ 25°C 

80 

80 

MHz 

DYNAMIC CHARACTERISTICS 5 ’ 6 






Maximum Conversion Rate 

I 

+ 25°C 

100 

100 

MHz 

Output Data Delay 7 

V 

+ 25°C 

3.7 

3.7 

ns 

Aperture Delay 

V 

+ 25°C 

-1.6 

-1.6 

ns 

Aperture Uncertainty 

V 

+ 25°C 

15 

15 

ps 

Transient Response (to ± 1LSB) 8 

V 

+ 25°C 

11 

11 

ns 

Overvoltage Recovery Time (to ± 1 LSB) 9 

V 

+ 25°C 

20 

20 

ns 

Output Rise Time 

IV 

+ 25°C 

3.0 

3.0 

ns 

Output Fall Time 

IV 

+ 25°C 

2.5 

2.5 

ns 

Output Time Skew 10 

V 

+ 25°C 

0.6 

0.6 

ns 

In-Band Harmonics 1 1 






F in = 1.248MHz, FS-ldB 

V 

+ 25°C 

60 

60 

dBc 

F in = 2.438MHz, FS-ldB 

V 

+ 25°C 

58 

58 

dBc 

F IN = 9.3MHz, FS-ldB 

I 

+ 25°C 

46 50 

46 50 

dBc 

Signal-to-Noise Ratio 12 






F in = 1.248MHz, FS-ldB 

V 

+ 25°C 

47 

47 

dB 

F IN = 2.438MHz, FS-ldB 

V 

+ 25°C 

47 

47 

dB 

F 1N = 9.3MHz, FS-ldB 

I 

+ 25°C 

40 43 

40 43 

dB 

ENCODE INPUT 






Logic “1” Voltage 13 

VI 

Full 

-1.1 

-1.1 

V 

Logic “0” Voltage 13 

VI 

Full 

-1.5 

-1.5 

V 

Logic “1” Current 

VI 

Full 

150 

150 

p.A 

Logic “0” Current 

VI 

Full 

120 

120 

|xA 

Input Capacitance 

V 

+ 25°C 

3 

3 

pF 

Encode Pulse Width (Low) 

IV 

+ 25°C 

2 

2 

ns 

Encode Pulse Width (High) 

IV 

+ 25°C 

2 

2 

ns 
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AD9011 



Test 


AD901 1JM/AD901 1KM 

AD9011SMB/AD9011TMB 


Parameter 

Level 


Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

DIGITAL OUTPUTS 










Logic “1” Voltage 



-1.1 



-1.1 



V 

Logic “0” Voltage 





-1.5 



-1.5 

V 

POWER SUPPLY 










Supply Voltage V C c 

VI 

Full 

4.75 

5.0 

5.25 

4.75 

5.0 

5.25 

V 

Supply Voltage V EE 

VI 

Full 

-4.95 

-5.2 

-5.45 

-4.95 

-5.2 

-5.45 

V 

Supply Current V C c 

VI 

Full 


63 

72 


63 

72 

mA 

Supply Current V EE 

VI 

Full 


240 

303 


240 

303 

mA 

Nominal Power Dissipation 

VI 

Full 


1.56 

1.95 


1.56 

1.95 

W 


NOTES 

'Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. Exposure to absolute rating conditions for extended periods 
of time may affect device reliability. 

2 Package dissipation limit . . . 

/ .. s l J max “ r J max ~ r C 

PD (watts) = — = — 

W JA w jc 

Where t A = ambient; t c = case; tj = junction 24-pin metal DIP 0 JA = 41.7°C/W; 0j C = 7.7 o C/W. 

3 Unused analog inputs floating. 

4 Determined by 3dB reduction in reconstructed output. For under sampled applications only, not meant to imply Nyquist operation. 

5 Outputs terminated with 1000 resistors to -2.0V. 

6 Measured at 100MHz encode rate. 

7 Measured from ENCODE in to data out for LSB only. 

Tor full-scale step input, 8-bit accuracy is attained in the specified time. 

’Recovers to 8-bit accuracy in specified time, after 150% full scale input overvoltage. 

l0 Output time skew includes high-to-low and low-to-high transitions as well as bit-to-bit time skew differences. 

"Harmonic content below signal. 

I2 RMS signal to RMS noise , including harmonics. 

"ENCODE and ENCODE are differential inputs which must be driven concurrently. ECL inputs within the specified ranges are guaranteed 
to produce normal switching. ENCODE rise and fall time should be less than 10ns for normal operation. 

Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level I 
Test Level II 
Test Level III 
Test Level IV 
Test Level V 
Test Level VI 


100% production tested. 

100% production tested at + 25°C, and sampled tested at specified temperatures. 

Sample tested only. 

Parameter is guaranteed by design and characterization testing. 

Parameter is a typical value only. 

All devices are 100% production tested at + 25°C. 100% production tested at temperature extremes 
for military temperature devices. 
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FUNCTIONAL DESCRIPTION 


Pin No. 

Name 

Description 

1 

ANALOG INPUT 

Analog input with internal gain of - 1 . Input signal should be <2V p-p. Unused analog inputs 
should be grounded. 

2 

ANALOG INPUT 

Analog input with internal gain of - 2 . Input signal should be < 1 V p-p. Unused analog inputs 
should be grounded. 

3 

ANALOG INPUT 

Analog input with internal gain of - 4. Input signal should be <0.5V p-p. Unused analog inputs 
should be grounded. 

4 

ANALOG GROUND 

One of two analog ground pins. All ground pins should be connected together near the AD901 1 . 

5 

Vee 

Negative analog supply pin. Nominally - 5 .2V. Best performance is attained with separate 
analog and digital supplies. 

6 

ENCODE 

Noninverted input of the differential encode inputs. This pin is driven in conjunction with 



ENCODE. 

7 

ENCODE 

Inverted input of the differential encode inputs. This pin is driven in conjunction with 

ENCODE. 

8 

BIT 8 (LSB) 

Least Significant Bit (LSB) of digital data output. 

9-12 

BIT 7 - BIT 4 

Digital data output. 

13 

V’ee 

Negative digital supply pin. Nominally — 5 .2V. Best performance is attained with separate 
analog and digital supplies. 

14- 16 

DIGITAL GROUND 

Three of four digital ground pins. All ground pins should be connected together near the AD901 1 . 

17,18 

BIT 3, BIT 2 

Digital data output. 

19 

BIT 1 (MSB) 

Most Significant Bit (MSB) of digital data output. 

20 

DIGITAL GROUND 

One of four digital ground pins. All ground pins should be connected together near the AD901 1 . 

21 

DNC 

Do not connect. Internal test point. 

22 

REFout 

Output of internal reference. - 2V output @ + 12mA (max). 

23 

ANALOG GROUND 

One of two analog ground pins. All ground pins should be connected together near the AD901 1 . 

24 

Vex: 

Positive analog supply pin. Nominally + 5 .0V. 


TIMING DIAGRAM 





PIN DESIGNATIONS 


A„, (T 
A,N2 [T 

A'ns |T 

ANALOG GROUND [~4~ 
DIGITAL V EE [IT 
ENCODE [~6~ 
ENCODE [~7~ 



AD9011 
TOP VIEW 
(Not to Scale) 


*24*1 ANALOG V cc 
*23*1 ANALOG GROUND 
“22*1 REFout 
* 2l] DNC 

*20*1 DIGITAL GROUND 
Ti] BIT 1 (MSB) 

~lT| BIT 2 
j7] BIT 3 

7T| DIGITAL GROUND 
ls\ DIGITAL GROUND 
*14*| DIGITAL GROUND 
1T\ DIGITAL V EE 
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BURN-IN DIAGRAM 


SIGNAL-TO-NOISE RATIO 


Aini 

V cc ANLG 

A|N2 

ANLG GND 

A|N3 

REFout 

ANLG GND 

DNC 

V EE DIG 

DIG GND 

ENC 

BIT 1 (MSB) 

AD9011 1 

ENC 

BIT 2 

BIT 8 (LSB) 

BIT 3 

BIT 7 

DIG GND 

BIT 6 

DIG GND 

BITS 

DIG GND 

BIT 4 

V EE DIG 



R1. R2 AND R3 ±1% 

ALL OTHER RESISTORS ±2% 
ALL CAPACITORS ±20% 
ALL SUPPLY VOLTAGES ±5% 


1M 10M 

ANALOG INPUT FREQUENCY - Hz 


INPUT/OUTPUT CIRCUITS 



A/D — 
REFERENCE*. 
LADDER 


VOLTAGE 

REF 
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HARMONIC - dBc 







APPLICATION INFORMATION 

Input signals to the AD901 1 are buffered through the on-board 
amplifier/driver. Three separate input pins provide gains of - 1 , 
-2 and -4. Only one input pin is used at a time, with the 
other two pins connected to the analog ground. On-board input 
clamping circuitry protects the internal flash A/D converter 
from overvoltage inputs, but the input signal to the AD9011 
should not exceed the absolute maximums listed in the 
specifications. 

The AD901 1 employs a differential encode i nput which requires 
a drive signal to both the ENCODE and the ENCODE pins. 

All levels are fully ECL compatible, and proper ECL terminations 
should be used to avoid ringing and reflection. 

The output data is buffered through the ECL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation delay (t PD ), before becoming available at the 
outputs. Both the analog-to-digital conversion cycle and the data 
transfer to the output latches, are triggered on the rising edge of 
the ECL compatible ENCODE signal (see timing diagram). 

Dramatic improvements in comparator design and construction 
give the AD9011 excellent dynamic characteristics. The AD9011 
provides outstanding error rate performance. Gross error codes 
occur less than once in every 10 12 conversion cycles. This is 
largely due to tight control of comparator offset matching. The 
80MHz input bandwidth and low error rate performance give 
the AD9011 an SNR (signal- to-noise ratio) of 43dB + with a 
9.3MHz input. High SNR performance is particularly important 


in video bandwidth applications, where signals may pass through 
the converter several times before the processing is complete. 
Pulse signature analysis, commonly performed in advanced 
radar receivers, is another area that is especially dependent on 
high quality dynamic performance. 

LAYOUT SUGGESTIONS 

Designs using the AD9011, like all high-speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high speed designs. The first requirement 
is for a substantial ground plane around and under the AD9011. 
Separate ground plane areas for the digital and analog components 
may be useful, but the separate grounds should be connected 
together at the AD9011 to avoid the effects of “ground loop” 
currents. 

The power supply pins must also be decoupled to ground to 
improve noise immunity, 0.1 pF and 0.01|xF chip capacitors 
should be very effective. The REF 0 ut pin will provide up to 
12mA of current at the -2.0V A/D reference voltage. This pin 
should also be decoupled to ground through a 0.1 |xF capacitor. 

The analog input signal is brought into the AD9011 through 
one of three input pins. The other two input pins should be 
grounded to the analog ground plane. Active switching of the 
input signal between the input pins is possible, but special care 
must be taken to see that the unused inputs are grounded through 
a low impedance, to avoid noise problems. 


NOTE 

ALL ECL OUTPUTS SHOULD BE 
TERMINATED TO -2V WITH 10011 
RESISTORS, OR ANY OTHER SUITABLE 
ECL TERMINATION SCHEME. 



GROUND UNUSED ANALOG INPUTS 

Aini =s± 1V p-p 
A,n 2 — ± 0.5V p-p 
A,n 3 — ± 0.25V p-p 


Typical AD9011 Application 
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1^ ANALOG 

High Speed 8-Bit 

IM DEVICES 

TTL A/D Converter 

AD9012 


FEATURES 

100MSPS Encode Rate 

Very Low Input Capacitance - 16pF 

Low Power - 1W 

TTL Compatible Outputs 

APPLICATIONS 
Radar Guidance 

Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 
Communication/Signal Intelligence 


GENERAL DESCRIPTION 

The AD9012 is an 8-bit, ultrahigh speed, analog- to-digital 
converter. The AD9012 is fabricated in an advanced bipolar 
process, which allows operation at sampling rates up to 100 
megasamples/second. Functionally, the AD9012 is comprised of 
256 parallel comparator stages whose outputs are decoded to 
drive the TTL compatible output latches. 

The exceptionally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9012 allows very accurate acquisition of 
high speed pulse inputs without an external track-and-hold. The 
comparator output decoding scheme minimizes false codes, 
which is critical to high speed linearity. 

The AD9012 is available in two grades, one with 0.5LSB linearity 
and one with 0.75LSB linearity. Both versions will be offered in 
an industrial grade, -25°C to +85°C, packaged in a 28-pin 
DIP and a 28-pin PLCC. The military temperature range devices, 
- 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 


AD9012 FUNCTIONAL BLOCK DIAGRAM 



PIN DESIGNATIONS 


DIGITAL V s + |~r 

• 

FF] DIGITAL V s - 

OVERFLOW INH |~F~ 


17] OVERFLOW 

HYSTERESIS [T 


FFj D 8 (MSB) 

+ V REF [T 


25 ] d 7 

ANALOG INPUT [T 


FT] D* 

ANALOG GROUND fT 


FFj DIGITAL GROUND 

ENCOOE (~7~ 

AD9012 

IF] ANALOG V s - 

DIGITAL V s + [~8~ 

TOP VIEW 
(Not to Scale) 

1T] ANALOG V s - 

ANALOG GROUND [T 


lo] DIGITAL GROUND 

ANALOG INPUT flF 


FF] D s 

-Vref |~lF 


FFJd, 

REF m ,d |FF 


FT] d 3 

DIGITAL V s + QF 


FF]Da 

DIGITAL V s - [FF 


FF1 D, (LSB) 



4 3 2 


> > 5 
* * 3 m 
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<2 52 > 
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25 D 7 
24 D e 

23 DIGITAL GROUND 
22 ANALOG V s - 
21 ANALOG V s - 
20 DIGITAL GROUND 
19 D s 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Positive Supply Voltage ( + V s ) + 6V 

Analog to Digital Supply Voltage Differential (- V s ) . . . 0.5V 

Negative Supply Voltage ( — V s ) -6V 

Analog Input Voltage -V s to + 0.5V 

ENCODE Input Voltage -0.5V to +5V 

OVERFLOW INH Input Voltage - 5.2V to 0V 

Reference Input Voltage ( + Vref ~ V ref ) 2 • -3.5V to +0.1 V 
Differential Reference Voltage . 2.1V 


Reference Midpoint Current ±4mA 

Digital Output Current 30mA 

Operating Temperature Range 

AD9012AQ/BQ -25°Cto +85°C 

AD90 1 2SE/SQ/TE/TQ/883 - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature 3 + 175°C 

Lead Soldering Temperature (lOsec) +300°C 


Electrical Characteristics ( + V s = + 5.0V; - V s = - 5.2V; Differential Reference Voltage = 2.0V, unless otherwise noted) 


Parameter 

Temp 

Test 

Level 

AD9012AQ/AP/AN 

Min Typ Max 

AD90 1 2BQ/BP/BN 

Min Typ Max 

Sub- 

Group 4 

AD9012SQ/SE/883B 

Min Typ Max 

AD9012TQ/TE/883B 
Min Typ Max 

Units 

RESOLUTION 



8 

8 


8 

8 

Bits 

DC ACCURACY 

















Differential Linearity 

+ 25°C 

I 


0.6 

0.75 


0.4 

0.5 

7 


0.6 

0.75 


0.4 

0.5 

LSB 


Full 

VI 



1.0 



0.75 

8 



1.0 



0.75 

LSB 

Integral Linearity 

+ 25°C 

I 


0.6 

1.0 


0.4 

0.5 

7 


0.6 

1.0 


0.4 

0.5 

LSB 



VI 



1.2 



1.2 

8 



1.2 



172 

LSB 

No Missing Codes 

Full 

VI 

GUARANTEED | 

GUARANTEED j 

7,8 

GUARANTEED | 

GUARANTEED | 


INITIAL OFFSET ERROR 

















Top of ’Reference Ladder 

+ 25°C 

I 


6 

10 


6 

10 

7 


6 

10 


6 

10 

mV 


Full 

VI 



13 



13 

8 



13 



13 

mV 

Bottom of Reference Ladder 

+ 25°C 

I 


7 

15 


7 

15 

7 


7 

15 


7 

15 

mV 


Full 

VI 



18 



18 

8 



18 



18 

mV 

Offset Drift Coefficient 

Full 

V 


25 



25 




25 



25 


[lW C 

ANALOG INPUT 

















Input Bias Current 5 

+ 25°C 

I 


60 

100 


60 

100 

1 


60 

100 


60 

100 

P-A 


Full 

VI 



200 



200 

2,3 



200 



200 

|xA 

Input Resistance 

+ 25°C 

I 

150 

200 


150 

200 


1 

150 

200 


150 

200 


kfl 

Input Capacitance 

+ 25°C 

III 


16 

18 


16 

18 

12 


16 

18 


16 

18 

pF 

Large Signal Bandwidth 6 

+ 25°C 

V 


160 



160 




160 



160 


MHz 

Analog Input Slew Rate 7 

+ 25°C 

V 


440 



440 




440 



440 


V/JJLS 

REFERENCE INPUT 

















Reference Ladder Resistance 

+ 25°C 

VI 

64 

80 

110 

64 

80 

110 

1 

64 

80 

110 

64 

80 

110 

ft 

Ladder Temperature Coefficient 


V 


0.25 



0.25 




0.25 



0.25 


arc 

Reference Input Bandwidth 

+ 25°C 

V 


10 



10 




10 



10 


MHz 

DYNAMIC PERFORMANCE 

















Conversion Rate 

+ 25°C 

I 

75 

100 


75 

100 


4 

75 

100 


75 

100 


MSPS 

Aperture Delay 

+ 25°C 

V 


3.8 



3.8 




3.8 



3.8 


ns 

Aperture Uncertainty (Jitter) 

+ 25°C 

V 


15 



15 




15 



15 


ps 

Output Delay (tp D ) 8 ’ 9 

+ 25°C 

I 

3.2 

4.9 

6.6 

3.2 

4.9 

6.6 

9 

3.2 

4.9 

6.6 

3.2 

4.9 

6.6 

ns 

Transient Response 10 

+ 25°C 

V 


8 



8 




8 



8 


ns 

Overvoltage Recovery Time’J 

+ 25°C 

V 


8 



8 




8 



8 


ns 

Output Rise Time 8 

+ 25°C 

I 


6.6 

8.0 


6.6 

8.0 

9 


6.6 

8.0 


6.6 

8.0 

ns 

Output Fall Time 8 

+ 25°C 

I 


3.3 

4.3 


3.3 

4.3 

9 


3.3 

4.3 


3.3 

4.3 

ns 

Output Time Skew 8 ’ 12 

+ 25°C 

V 


3.0 



3.0 




3.0 



3.0 


ns 

ENCODE INPUT 

















Logic “1” Voltage 8 

Full 

VI 

2.0 



2.0 



7,8 

2.0 



2.0 



V 

Logic “0” Voltage 8 

Full 

VI 



0.8 



0.8 

7,8 



0.8 



0.8 

V 

Logic “1” Current 

Full 

VI 



250 



250 

7,8 



250 



250 

|i,A 

Logic “0” Current 

Full 

VI 



220 



220 

7,8 



220 



220 

^A 

Input Capacitance 

+ 25°C 

V 


2.5 



2.5 




2.5 



2.5 


PF 

Encode Pulse Width (Low) 13 

+ 25°C 

I 

2.5 



2.5 



4 

2.5 



2.5 



ns 

Encode Pulse Width (High) 1 3 

+ 25°C 

I 

2.5 



2.5 



4 

2.5 



2.5 



ns 

OVERFLOW INHIBIT INPUT 

















0V Input Current 

Full 

VI 


200 

250 


200 

250 

1,2,3 


200 

250 


200 

250 

P-A 

AC LINEARITY 14 

















Effective Bits 15 

+ 25 P C 

V 


7.5 



7.5 




7.5 



7.5 


Bits 

In-Band Harmonics 

















dc to 1.23MHz 

+ 25°C 

I 

48 

55 


48 

55 


4 

48 

' 55 


48 

55 


dBc 

dc to9.3MHz 

+ 25°C 

V 


50 



50 




50 



50 


dBc 

dc to 19.3MHz 

+ 25°C 

V 


44 



44 




44 



44 


dBc 

Signal-to-Noise Ratio 16 

+ 25°C 

I 

46 

47.6 


46 

47.6 


4 

46 

47.6 


46 

47.6 


dBc 

Noise Power Ratio 1 7 

+ 25°C 

V 


37 



37 




37 



37 


dBc 

DIGITAL OUTPUT 

















Logic “1” Voltage 

Full 

VI 

2.4 



2.4 



1,2,3 

2.4 



2.4 



V 

Logic “0” Voltage 

Full 

VI 



0.4 



0.4 

1,2,3 



0.4 



0.4 

V 

POWER SUPPLY 18 

















Positive Supply Current ( + 5.0V) 

+ 25°C 

I 


33 

37.5 


33 

37.5 

1 


33 

37.5 


33 

37.5 

mA 


Full 

VI 



38.5 



38.5 

2,3 



38.5 



38.5 

mA 

Supply Current ( - 5.2V) 

+ 25°C 

I 


152 

179 


152 

179 

1 


152 

179 


152 

179 

mA 


Full 

VI 



191 



191 

2,3 



191 



191 

mA 

Nominal Power Dissipation 

+ 25°C 

V 


955 



955 


l 


955 



955 


mW 

Reference Ladder Dissipation 

+ 25°C 

V 


44 



44 




44 



44 


mW 

Power Supply Rejection Ratio 19 

+ 25°C 

I 


0.85 

2.5 


0.85 

2.5 

7 


0.8 

2.5 


0.8 

2.5 

mV/V 
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NOTES 

‘Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

2 + V REF > -Vref under all circumstances. 

3 Maximum junction temperature (tj max) should not exceed + 175°C 
for ceramic packages, and + 150°C for plastic packages: 
tj = PD (0ja) + t A 
(0jc) + tc 

where 

PD = power dissipation 

0ja = thermal impedance from junction to ambient (°C/W) 

0jc = thermal impedance from junction to case (°C/W) 
t A = ambient temperature (°C) 
t c = case temperature (°C) 
typical thermal impedances are: 

Ceramic DIP 0 JA = 56°C/W; 0 JC = 20°C/W 
Plastic DIP 0 JA = 60°C/W ; 0 JC = 2O°C/W 
Ceramic I.CC 0 JA = 69°C/W; 0 JC = 23°C/W 
PLCC 0 JA = 60°C/W ; 0 JC = 19°C/W. 

4 Subgroups apply to military qualified devices only. 

5 Measured with Analog Input = OV. 


6 Measured by FFT analysis where fundamental is - 3dBc. 

7 Input slew rate derived from rise time (10% to 90%) of full-scale step 
input. 

8 Outputs terminated with two equivalent ’LS00 type loads. (See load 
circuit.) 

9 Measured from ENCODE into data out for LSB only. 

10 For full-scale step input, 8-bit accuracy is attained in specified time. 

“Recovers to 8-bit accuracy in specified time, after 150% full-scale input 
overvoltage. 

“Output time skew includes high-to-low and low-to-high transitions as well 
as bit-to-bit time skew differences. 

“ENCODE signal rise/fall times should be less than 30ns for normal 
operation. 

“Measured at 75MSPS encode rate. Harmonic data based on worst case 
harmonics. 

“Analog input frequency = 1.23MHz. 

16 RMS signal to rms noise, including harmonics with 1.23MHz analog input 
signal. 

17 NPR measured @ 0.5MHz. Noise Source is 250mW (rms) from 0.5MHz 
to 8MHz. 

“Supplies should remain stable within ±5% for normal operation. 

“Measured at -5.2V ±5% and + 5.0V ±5%. 

Specifications subject to change without notice. 


Recommended Operating Conditions 




Input Voltage 


Parameter 

Min 

Nominal 

Max 

-V s 

-5.46 

-5.20 

-4.94 

■f V s 

+ 4.75 

5.00 

+ 5.25 

+ Vrkf 

-V REF 

0.0V 

+ 0.1 

-Vref 

Analog Input 

-2.1 

V ri ,f 

-2.0 

+ Vref 
+ Vref 


LOAD CIRCUIT 


V s 


mi : 


TTL 

OUTPUT T 

15pFz^= 


f 


EXPLANATION OF TEST LEVELS j 

Test Level I 

- 100% production tested. 

Test Level II 

- 1 00% production tested at + 25°C, and sample tested 

at specified temperatures. 

Test Level III 

- Sample tested only . 

Test Level IV 

- Parameter is guaranteed by design and characteriza- 
tion testing. 

Test Level V 

- Parameter is a typical value only. 

Test Level VI 

- All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 


EXPLANATION OF SUBGROUPS 

Subgroup 1 - Static tests at + 25°C. 

Subgroup 2 - Static tests at maximum rated operating temperature. 
Subgroup 3 - Static tests at minimum rated operating temperature. 
Subgroup 4 - Dynamic tests at -h 25°C. 

Subgroup 5 - Dynamic tests at maximum rated operating temperature. 
Subgroup 6 - Dynamic tests at minimum rated operating temperature. 
Subgroup 7 - Functional tests at +25°C. 

Subgroup 8 - Functional tests at maximum and minimum rated operating 
temperatures. 

Subgroup 9 - Switching tests at + 25°C. 

Subgroup 10 - Switching tests at maximum rated operating tempera- 
ture. 

Subgroup 11 - Switching tests at minimum rated operating temperature. 
Subgroup 12 - Periodically sample tested. 


ORDERING INFORMATION 


Device 

Linearity 

Temperature Range 

Description 

Package 

Options* 

AD9012AQ 

0.75LSB 

— 25°C to + 85°C 

28-Pin Ceramic DIP, Industrial 

Q-28 

AD9012BQ 

0.50LSB 

— 25°Cto +85°C 

28-Pin Ceramic DIP, Industrial 

Q-28 

AD9012AN 

0.75LSB 

-25°Cto +85°C 

28-Pin Plastic DIP, Industrial 

N-28 

AD9012BN 

0.50LSB 

- 25°C to + 85°C 

28-Pin Plastic DIP, Industrial 

N-28 

AD9012AP 

0.75LSB 

— 25°C to + 85°C 

28-Pin PLCC, Industrial 

P-2 8 A 

AD9012BP 

0.50LSB 

-25°Cto +85°C 

28-Pin PLCC, Industrial 

P-2 8 A 

AD9012SQ/883B 

0.75 LSB 

-55°Cto + 125°C 

28-Pin Ceramic DIP, Military 

Q-28 

AD9012SE/883B 

0.75 LSB 

-55°Cto + 125°C 

28-Pin LCC, Military 

E-28A 

AD9012TQ/883B 

0.50 LSB 

-55°Cto + 125°C 

28-Pin Ceramic DIP, Military 

Q-28 

AD90 1 2TE/883B 

0.50 LSB 

- 55°Cto + 125°C 

28-Pin LCC, Military 

E-28A 


*See Section 14 for package outline information. 
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FUNCTIONAL DESCRIPTION 


Pin# Name 

1 DIGITAL + V s 

2 OVERFLOW INH 


3 HYSTERESIS 

4 +Vref 

5 ANALOG INPUT 

6 ANALOG GROUND 

7 ENCODE 

8 DIGITAL + V s 

9 ANALOG GROUND 

10 ANALOG INPUT 

11 -Vref 

12 REFmid 

13 DIGITAL + V s 

14 DIGITAL -V s 

15 D, (LSB) 

16-19 D 2 -D 5 

20 DIGITAL GROUND 

21,22 ANALOG - V s 

23 DIGITAL GROUND 

24,25 D 6 ,D 7 

26 D 8 (MSB) 

27 OVERFLOW 

28 DIGITAL -V s 


Description 

One of three positive digital supply pins (nominally 4- 5.0V). 

OVERFLOW INHIBIT controls the data output coding for overvoltage inputs (AINs* + Vre F ). 


ANALOG 

INPUT 

OVERFLOW ENABLED (FLOATING 
OF Di D 2 D 3 D 4 D 5 Dg D 7 D 8 

OVERFLOW INHIBITED (GND) 
OF Dj D 2 D 3 D 4 D 5 D 6 D 7 D 8 

Vin^ + Vref 
Vin < + Vref 

100000000 

oxxxxxxxx 

0 1111111 1 

0 XXX X XXX X 


The Hysteresis control voltage varies the comparator hysteresis from OmV to lOmV, for a change 
from -5.2V to -2.2V at the Hysteresis control pin. 

The most positive reference voltage for the internal resistor ladder. 

One of two analog input pins. Both analog input pins should be connected together. 

One of two analog ground pins. Both analog ground pins should be connected together. 

TTL level encode command input. ENCODE is rising edge sensitive. 

One of three positive digital supply pins (nominally + 5.0V). 

One of two analog ground pins. Both analog ground pins should be connected together. 

One of two analog input pins. Both analog inputs should be connected together. 

The most negative reference voitage for the internal resistor iadder. 

The midpoint tap on the internal resistor ladder. 

One of three positive digital supply pins (nominally + 5.0V) 

One of two negative digital supply pins (nominally -5.2V). Both digital supply pins should be 
connected together. 

Digital data output. Dj (LSB) is the least significant bit of the digital output word. 

Digital data output. 

One of two digital ground pins. Both digital grounds pins should be connected together. 

One of two negative analog supply pins (nominally - 5.2V). Both analog supply pins should be 
connected together. 

One of two digital ground pins. Both digital ground pins should be connected together. 

Digital data output. 

Digital data output D 8 (MSB) is the most significant bit of the digital output word. 

Overflow data output. Logic HIGH indicates an input overvoltage (Vin> + Vref)j if OVERFLOW 
INHIBIT is enabled (overflow enabled, floating). See OVERFLOW INHIBIT. 

One of two negative digital supply pins (nominally -5.2V). Both digital supply pins should be 
connected together. 



OVERFLOW 
D 8 (MSB) 

Dy 

D 6 

d 6 

d 4 

d 3 

d 2 

D, (LSB) 
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AD9012 


IM + 1 




Input/Output Circuits 


- 5.2V + 5.0V 



MIL-STD-883 COMPLIANCE INFORMATION 

The AD9012SD/SE/TE/TQ/883B devices are classified within 
Microcircuits Group 57, Technology Group D (bipolar A/D 
converters), and are constructed in accordance with MIL-STD- 
883. The AD9012 is electrostatic sensitive and falls within elec- 
trostatic sensitivity classification Class 1 . Percent Defective 
Allowance (PDA) is computed based on Subgroup 1 of the 
specified Group A test list. Quality Assurance (QA) screening is 
in accordance with Alternate Method A of Method 5005. 

The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes t a = t c = tj.) MIL-STD-883-compliant devices are marked 
with “C” to indicate compliance. 
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Die Layout and Mechanical Information 


OVERFLOW DIGITAL -V s 

INHIBIT 


HYSTERESIS 



-V REF j DIGITAL +V s \ D n (LSB) N 

D 2 

REFmid DIGITAL -V s 


Die Dimensions Ill x 123 x 15 (±2) mils 

Pad Dimensions 4x4 mils 

Metalization Gold 

Backing None 

Substrate Potential - Vs 

Passivation Nitride 

Die Attach Gold Eutectic (Ceramic) 

Epoxy (Plastic) 

Bond Wire 1-1.3 mil Gold; Gold Ball Bonding 


v s 
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AD9012 


APPLICATION INFORMATION 

The AD9012 is compatible with all standard TTL logic families. 
However, to operate at the highest encode rates, the supporting 
logic around the AD9012 will need to be equally fast. Two 
possible choices are the AS and the ALS families. Whichever of 
the TTL logic families is used, special care must be exercised to 
keep digital switching noise away from the analog circuits around 
the AD9012. The two most critical items are the digital supply 
lines and the digital ground return. 

The input capacitance of the AD9012 is an exceptionally low 
16pF. This allows the use of a wide range of input amplifiers, 
both hybrid and monolithic. To take full advantage of the 160MHz 
input bandwidth of the AD9012, a hybrid amplifier like the 
AD9610/AD9611 will be required. For those applications that 
do not require the full input bandwidth of the AD9012, some of 
the more traditional monolithic amplifiers, like the AD846, 
should work very well. Overall performance with monolithic 
amplifiers can be improved by inserting a 4011 resistor in series 
with the amplifier output. 

The output data is buffered through the TTL compatible output 
latches. All data is delayed by one clock cycle, in addition to the 
latch propagation delay (t PD ), before becoming available at the 
outputs. Both the analog-to-digital conversion cycle and the data 
transfer to the output latches, are triggered on the rising edge of 
the TTL compatible ENCODE signal (see timing diagram). 

The AD9012 also incorporates a HYSTERESIS control pin 
which provides from 0 to lOmV of additional hysteresis in the 
comparator input stages. Adjustments in the HYSTERESIS 
control voltage may help to improve noise immunity and overall 
performance in harsh environments. 

The OVERFLOW INHIBIT pin of the AD9012 determines 
how the converter handles overrange inputs (AIN 2 = + V REF ). In 
the “enabled” state (floating at -5.2V), the OVERFLOW 
output will be at logic HIGH and all other outputs will be at 
logic LOW for overrange inputs (return-to-zero operation). In 
the “inhibited” state (tied to ground), the OVERFLOW output 
will be at logic LOJW for overrange inputs, and all other digital 
outputs will be at logic HIGH (nonreturn-to-zero operation). 

The AD9012 provides outstanding error rate performance. This 
is due to tight control of comparator offset matching and a fault 
tolerant decoding stage. Additional improvements in error rate 
are possible through the addition of hysteresis (see HYSTERSIS 
control pin). This level of performance is extremely important 
in fault sensitive applications like digital radio (QAM). 

Dramatic improvements in comparator design and construction 
give the AD9012 excellent dynamic characteristics, namely SNR 
(signal-to-noise ratio). The 160MHz input bandwidth and low 
error rate performance give the AD9012 an SNR of 47dB with a 
1.23MHz input. High SNR performance is particularly important 
in broadcast video applications where signals may pass through 
the converter several times before the processing is complete. 
Pulse signature analysis, commonly performed in advanced 
radar receivers, is another area that is especially dependent on 
high quality dynamic performance. 


LAYOUT SUGGESTIONS 

Designs using the AD9012, like all high-speed devices, must 
follow a few basic layout rules to insure optimum performance. 
Essentially, these guidelines are meant to avoid many of the 
problems associated with high-speed designs. The first require- 
ment is for a substantial ground plane around and under the 
AD9012. Separate ground plane areas for the digital and analog 
components may be useful, but the separate grounds should be 
connected together at the AD9012 to avoid the effects of “ground 
loop” currents. 

The second area that requires an extra degree of attention involves 
the three reference inputs, 4-Vrefj REFmid> and -Vref- The 
+ Vref input and the - Vref input should both be driven from 
a low impedance source (note that the +V RE f input is typically 
tied to analog ground). A low drift amplifier should provide 
satisfactory results, even over an extended temperature range. 
Adjustments at the REF MID input may be useful in improving 
the integral linearity by correcting any reference ladder skews. 

The reference inputs should be adequately decoupled to ground 
through 0.1 jxF chip capacitors to limit the effects of system 
noise on conversion accuracy. The power supply pins must also 
be decoupled to ground to improve noise immunity; 0.1 jxF and 
0.01 (jlF chip capacitors should be very effective. 

The analog input signal is brought into the AD9012 through 
two separate input pins. It is very important that the two input 
pins be driven symetrically with equal length electrical connections. 
Otherwise, aperture delay errors may degrade converter per- 
formance at high frequencies. 




Typical AD9012 Application 
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LINEARITY OUTPUT RECONSTRUCTED 

(ERROR WAVEFORM) OUTPUT 



AD9012 Evaluation Circuit 



1 2 4 6 8 10 20 40 60 100 


ANALOG INPUT FREQUENCY - MHz 

Dynamic Performance 
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ANALOG 

DEVICES 


High Speed 8-Bit 
A/D Converters 

AD9028/AD9038 


FEATURES 

300 MSPS Encode Rate 
250 MHz Large Signal Input Bandwidth 
Low Input Capacitance: 17 pF 
Excellent SNR 

Single -5.2 V Power Supply 
Overflow Bit & Bit Invert Functions 
1 :2 Demultiplexed Outputs (AD9038) 

APPLICATIONS 
Digital Oscilloscopes 
Waveform Digitizers 
Radar Receivers 
Electronic Countermeasures 


GENERAL DESCRIPTION 

The AD9028 and AD9038 are ECL-compatible 8-bit, high speed 
flash analog-to-digital converters. Both are fabricated in an 
advanced bipolar VLSI process which ensures exceptionally 
wide analog input bandwidth (250 MHz) and encode rates up to 
300 MSPS. 

Output data for the AD9028 include Overflow and Data Ready 
signals; control pins allow the user to invert the MSB and/or 
LSBs. The AD9038 combines the features of the AD9028 with 
on-board demultiplexing circuits to provide two sets of output 
data. These ease the task of interfacing the converter by reduc- 
ing the data rate to half the encode rate. 

The analog input is designed for 0 to -2.0 volt operation. Sense 
pins for the +V REF and -V REF inputs allow full-scale calibra- 
tion of the input range; a tap at the midpoint of the reference 
ladder is available to minimize integral nonlinearity. Dynamic 
performance is enhanced by driving the ANALOG RETURN 
pins with a buffered analog input; see the Applications section. 

There are two linearity grades of each device. Commercial 
temperature ranges of 0 to +70°C and military temperature 
ranges of -55°C to + 125°C are available. Both components are 
offered in a ceramic 68-pin LCC, and a ceramic 68-pin leaded 
package. These packages are specially designed for low thermal 
impedance. 


AD9038 FUNCTIONAL BLOCK DIAGRAM 


ANALOG LSBs MSB OVERFLOW 

RETURN INVERT INVERT INHIBIT 



(Dotted Area Not Included in AD9028 ) 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

ANALOG INPUT -V s to +0.5 V 

ANALOG RETURN 0 V to +2.0 V 

-V s to GROUND +0.5 V dc to -6.0 V dc 

+V REF , -V REFj MIDSCALE V ref -2.1 V to +0.1 V 

±V REF to —Vref 2.1 V 

MIDSCALE V REF , +V SENSE , -V SENSE Current ±4 mA 

MSB INVERT, LSBs INVERT, OVERFLOW INHIBIT, 
ENCODE, ENCODE, HYSTERESIS -V s to 0 V 


ENCODE To ENCODE 4 V 

Digital Output Current .20 mA 

ANALOG -V s to DIGITAL -V s ±0.5 V 

Operating Temperature Range 

AD9028/AD9038KE/KZ/JE/JZ 0 to +70°C 

AD9028/AD9038TE/TZ/SE/SZ/883 -55°C to +125°C 

Maximum Junction Temperature 2 + 175°C 

Lead Temperature (Soldering, lOsec) +300°C 

Storage Temperature Range -65°C to +150°C 


ELECTRICAL CHARACTERISTICS unless otherwise noted) 


-2 V; ANALOG RETURN = 0 V, 


Parameter (Conditions) 

Temp 

Test 

Level 

Sub- 

Group 3 

AD9028JE/JZ 

SE/SZ/883 

Min Typ Max 

AD9028KE/KZ 

TE/TZ/883 

Min Typ Max 

AD9038JE/JZ 

SE/SZ/883 

Min Typ Max 

AD9038KE/KZ 

TE/TZ//883 

Min Typ Max 

Units 

RESOLUTION 




8 

8 

8 

8 

Bits 

DC ACCURACY 

















Differential Nonlinearity 

+25°C 

I 

7 








0.8 

■ 




LSB 


Full 

VI 

8 



1.2 


0.8 



1.0 

1.2 



1.0 

LSB 

Integral NonLinearity 

+25°C 

I 

7 











0.6 


LSB 


Full 

VI 

8 



1.2 






1.2 


0.8 


LSB 

No Missing Codes 

Full 

VI ! 

7, 8 

GUARANTEED 

GUARANTEED 








ANALOG INPUT 

















Input Bias Current 4 

+25°C 

I 

1 


125 

250 


125 



125 



125 


|xA 


Full 

VI 

2, 3 









400 



400 

M-A 

Input Resistance 

+25°C 

I 

1 

mm 

75 


El 

75 


o 

75 


50 

75 


kn 

Input Capacitance 4 

+25°C 

III 

12 


17 

21 


17 

21 


17 

21 


17 

21 

pF 

Analog Bandwidth 5 

+ 25°C 

V 



250 



250 






250 


MHz 

REFERENCE INPUT 

















Reference Ladder Resistance 

+25°C 

I 

1 

24 



24 


60 

24 


mm 

24 


60 

Cl 


Full 

VI 

2, 3 

El 


75 

mm 


75 

20 


75 

20 


75 

Cl 

Ladder Tempco 

Full 

V 









0.13 





arc 

Ref. Input Bandwidth 

Full 










30 





MHz 

Reference Ladder Offset 5 

+25°C 

. H 

7 


32 

45 


32 

45 


32 

45 


32 

45 

mV 

(Top) 

Full 


8 



47 



47 



47 



47 

mV 

Reference Ladder Offset 5 

+25°C 

n . 

7 


26 

37 


26 

37 


26 

37 


26 

37 

mV 

(Bottom) 

Full 


8 



39 



39 



39 



39 

mV 

Offset Drift Coefficient 

Full 










mm 



mm 


|xV/°C 

SWITCHING PERFORMANCE 5 6 
















Maximum Conversion Rate 

+25°C 

i 

4 


325 


300 

325 



325 



325 


MSPS 

Aperture Delay (t A ) 

+25°C 

V 



1.4 



1.4 



1.4 



1.4 


ns 

Aperture Uncertainty (Jitter) 

+25°C 

V 



3 



3 



3 



3 


ps, rms 

Output Delay (t OD ) 

+25°C 

I 

9 

4.7 

6 

7.3 

4.7 

6 

7.3 

4.7 

6 

7.3 

4.7 

6 

7.3 

ns 

Output Rise Time 

+25°C 

I 

9 


1.0 

1.6 



1.6 



1.6 


1.0 

1.6 

ns 

Output Fall Time 

+25°C 

I 

9 



1.6 



1.6 


1.0 

1.6 


1.0 

1.6 

ns 

Output Time Skew 

+25°C 

I 

9 






0.7 



HEM 


0.25 


ns 

Data Ready 

















Output Delay (t DR ) 

+25°C 

I 

9 

4.1 

5.4 

6.7 

4.1 

5.4 

6.7 

4.8 

6.1 

7.4 

4.8 

6.1 

7.4 

ns 

ENCODE INPUT 

















Logic “1” Voltage 

Full 

IV 


-1.1 



- 1 . 



-1.1 







Logic “0” Voltage 

Full 

IV 




-1.5 



-1.5 



-1.5 





Logic “1” Current 

Full 

VI 

7, 8 


125 

285 


125 

285 


125 

285 





Logic “0” Current 

Full 

VI 

7, 8 


100 

285 


100 

285 


100 

285 





Input Capacitance 

+25°C 

V 



3.6 



3.6 



3.6 



EB9 



Pulse Width (High) 7 

+ 25°C 

I 

4 

2 



2 



2 







Pulse Width (Low) 7 

+25°C 

I 

4 

1 



1 



1 
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AD9028/AD9038 






AD9028JE/JZ 

AD9028KE/KZ 

AD9038JE/JZ 

AD9038KE/KZ 




Test 

Sub- 


SE/SZ/883 


TEflTZ/883 


SE/SZ/883 


TE/TZ//883 


Parameter (Conditions) 

Temp 

Level 

Group 3 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

DYNAMIC PERFORMANCE 8 

















Transient Response 

+ 25°C 

V 



3 



3 



3 



3 


ns 

Overvoltage Recovery Time 
Effective Number of Bits 

+25°C 

V 



3 



3 



3 



3 


ns 

(ENOB) 

Analog Input (cu 9.3 MHz 

+25°C 

I 

4 

7.0 

7.1 


7.2 

7.5 


7.0 

7.2 


7.2 

7.5 


Bits 

<& 49 MHz 

+25°C 

I 

4 

6.5 

7.0 


6.5 

7.0 


6.5 

7.0 


6.5 

7.0 


Bits 

(oj 92 MHz 

+25°C 

I 

4 

5.4 

5.8 


5.4 

5.8 


5.4 

5.8 


5.4 

5.8 


Bits 

In-Band Harmonics 

Analog Input (cy 9.3 MHz 

+25°C 

I 

4 

48 

53 


54 

56 


48 

53 


54 

56 


dBc 

(w 49 MHz 

+25°C 

I 

4 

41 

48 


41 

48 


41 

48 


41 

48 


dBc 

% 92 MHz 

+25°C 

I 

4 

36 

40 


36 

40 


36 

40 


36 

40 


dBc 

Signal-to-Noise Ratio 9 

Analog Input (cl 9.3 MHz 

+ 25°C 

I 

4 

44 

45 


45.5 

47 


44 

45 


45.5 

47 


dB 

(w 49 MHz 

+25°C 

I 

4 

40 

43 


40 

43 


40 

43 


40 

43 


dB 

(oj 92 MHz 

+25°C 

I 

4 

33 

36 


33 

36 


33 

36 


33 

36 


dB 

Signal-to-Noise Ratio 9 
(without harmonics) 

Analog Input (cl 9.3 MHz 

+25°C 

I 

4 

45.5 

48 


45.5 

48 

i 

45.5 

48 


45.5 

48 


dB 

(fju 49 MHz 

+25°C 

I 

4 

43 

46 


43 

46 


43 

46 


43 

46 


dB 

Ca> 92 MHz 

+25°C 

I 

4 

38 

43 


38 

43 


38 

43 


38 

43 


dB 

Two-Tone Intermodulation 

+25°C 

I 

4 

42 

49 


42 

49 


42 

49 


42 

49 


dB 

Distortion Rejection 10 

















DIGITAL OUTPUTS 6 

















Logic “1” Voltage 

Full 

VI 

1, 2, 3 

-1.1 



-1.1 



-1.1 



-1.1 



V 

Logic “0” Voltage 

Full 

VI 

1, 2, 3 



-1.5 



1.5 



-1.5 



1.5 

V 

POWER SUPPLY 

















Analog Return 

+25°C 

V 



14.4 



14.4 



14.4 



14.4 


mA 

Negative Supply Current 

+25°C 

I 

1 


390 

475 


390 

475 


430 

495 


430 

495 

mA 

(-V s = -5.2 V) 

Full 

VI 

2, 3 



515 



515 



550 



550 

mA 

Power Dissipation 

+25°C 

V 



2.0 



2.0 



2.2 



2.2 


W 

Ref. Ladder Dissipation 

Power Supply 

+25°C 

V 



100 



100 



100 



100 


mW 

Rejection Ratio (PSRR) 

+25°C 

I 

7 


1.2 

3 


1.2 

3 


1.2 

3 


1.2 

3 

mV/V 


For applications assistance, phone Computer Labs Division at (919) 668-9511. 


NOTES 

'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 
Typical thermal impedances: 

68-pin leaded ceramic chip carrier 0 JA = 31°C/W; 0 JC =1.1°C/W. 

68-pin ceramic LCC 0 JA =36°C/W; 0 JC -2.6°C/W. 

'Subgroups apply only to military qualified devices. 

'Measured with analog input = 0 V. 

'See definitions of specifications. 

6 Outputs terminated through 100 11 to -2.0 V; C L <4 pF 

7 ENCODE command rise/fall times should be less than 2.5 ns for normal operation. 

"Measured at 250 MSPS encode rate; analog return is tied to +1 V dc. (See text and diagrams.) 

“RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 

10 Intermodulation measured with analog input frequencies of 60 MHz and 70 MHz at 7 dB below full scale. 

Specifications subject to change without notice. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Input Voltage 

Min 

Nominal 

Max 

-V s 

- 5.46 

-5.2 

- 4.94 

+ v REF 

~V REF 

0 

+ 0.1 

— Vref 

- 2.1 

- 2.0 

+ Vref 

ANALOG INPUT 

-v REF 


+ v REF 

ANALOG RETURN 

Analog In 


Analog In +2.0 V 


ANALOG-TO-DIGITAL CONVERTERS 3-499 



Subgroup 

EXPLANATION OF SUBGROUPS 

1 - Static tests at +25°C. (5% PDA calculated 

Subgroup 

2 

against Subgroup 1 for high-rel versions.) 

- Static tests at maximum rated operating 

Subgroup 

3 

temperature. 

- Static tests at minimum rated operating 

Subgroup 

4 

temperature. 

- Dynamic tests at +25°C. 

Subgroup 

5 

- Dynamic tests at maximum rated operating 

Subgroup 

6 

temperature. 

Dynamic tests at minimum rated operating 

Subgroup 

7 

temperature. 

- Functional tests at +25°C. 

Subgroup 

8 

Functional tests at maximum and minimum 

Subgroup 

9 

rated temperatures. 

- Switching tests at +25°C. 

Subgroup 

10 

- Switching tests at maximum rated operating 

Subgroup 

11 

temperature. 

- Switching tests at minimum rated operating 

Subgroup 

12 

temperature. 

- Periodically sample tested. 


Test Level 

EXPLANATION OF TEST LEVELS 

I 

- 100% production tested. 

II 

100% production tested at +25°C, and sample tested 
at specified temperatures. 

III 

- Sample tested only. 

IV 

Parameter is guaranteed by design and characterization 
testing. 

V 

- Parameter is a typical value only. 

VI 

- All devices are 100% production tested at +25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temp- 
erature extremes for commercial/industrial devices. 


DEFINITIONS OF SPECIFICATIONS 


Analog Bandwidth 

The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is 
reduced by 3 dB. 

Aperture Delay 

The delay between the rising edge of the ENCODE command 
and the instant at which the analog input is sampled. 

Aperture Uncertainty (Jitter) 

The sample- to-sample variation in aperture delay. 

Data Ready Output Delay 

The delay between the 50% point of the falling edge of the 
ENCODE command and the 50% point of the rising edge of 
DATA READY A or DATA READY B. 

Differential Nonlinearity 

The deviation of any code from an ideal 1 LSB step. 

Effective Number of Bits (ENOB) 

ENOB is a measure of ac linearity and is calculated from a sine 
wave curve fit according to the following expression: 

ENOB = N - LOG 2 [ rms error (actual)/rms error (ideal) ] 

N is the resolution (number of bits) of the converter. The 
actual rms error is the deviation from an ideal sine wave, 
calculated from the converter outputs with a sine wave 
input. 

In-Band Harmonics 

The rms value of the fundamental divided by the rms value of 
the worst harmonic. 

Integral Nonlinearity 

The deviation of the transfer function from a reference line mea- 
sured in fractions of 1 LSB using a “best straight line” deter- 
mined by a least square curve fit. 

Maximum Conversion Rate 

The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran- 
teed limit. 


Output Delay 

The delay between the 50% point of the rising edge of the 
ENCODE command and the 50% point of output data. 

Output Time Skew 

Bit-to-bit time variations among DO to D7 outputs. In 
the AD9028 and AD9038 specifications, time skew includes 
HIGH-to-LOW and LOW-to-HIGH transitions of the digital 
output bits. 

Overvoltage Recovery Time 

The amount of time required for the converter to recover to 
8-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full scale (0 to -2 V) range of the converter. 

Power Supply Rejection Ratio 

The ratio of a change in input offset voltage to a change in 
power supply voltage. In the AD9028 and AD9038 units, -V s 
(-5.2 V) is within ±5% of its nominal value for this test. 

Reference Ladder Offset 

The deviation between the top (or bottom) comparator transition 
voltage as measured at the analog input, and the voltage at the 
+V REF (or ~V REF ) pin. This is valuable in determining the 
accuracy and adjustment range for ±V REF sources. 

Signal-to-Noise Ratio (SNR) 

The ratio of the rms signal amplitude to the rms value of 
“noise,” which is defined as the sum of all other spectral com- 
ponents, including harmonics but excluding dc, with an analog 
input signal 1 dB below full scale. 

Transient Response 

The time required for the converter to achieve 8-bit accuracy 
when a step function is applied to the analog input. 

Two-Tone Intermodulation Distortion (IMD) Rejection 

The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signal. 
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NOTE: 

PINS SHOWN IN DOTTED 
LINES ARE N/C ON AD90Z8. 


AD9028/AD9038 Pin Designations 
(Note: Chip Cavity Opening Is On Bottom of Package.) 


Pin No. 

Name 

1 

ANALOG INPUT 

6, 66 

ANALOG RETURN 

36 

DATA READY A 

35 

DATA READY B 

44-51 

D 7A -D oa 

20-27 

D7B - Dob 

59, 60 

ENCODE, ENCODE 

3, 17, 18, 29, 30, 33, 

GROUND 

38, 41, 42, 52, 53, 63 

8 

HYSTERESIS 

10 

LSBs INVERT 

67 

MIDSCALE V REF 

11 

MSB INVERT 

43 

OVERFLOW A 

19 

OVERFLOW B 

9 

OVERFLOW INHIBIT 

13 

"*'V REF 

57 

~v REF 

4, 32, 40, 64 

-V s ANALOG 

5, 16, 31, 39, 54, 65 

-V s DIGITAL 

14 

+ V SENSE 

56 

“VsENSE 


AD9028/AD9038 PIN DESCRIPTIONS 
Function 

Analog input is nominally between 0 and -2 Volts. 

Normally grounded; supplies current to input comparator circuits. Pins can be 
tied to postive potential (+2.0 V max), or buffered version of analog input to 
reduce capacitance and enhance dynamic performance. (See Applications.) 
Rising edge of signal can be used to externally latch D 0A -D 7A . 

Rising edge of signal can be used to externally latch D 0B -D 7B . 

ECL digital data from Data Bank A. 

ECL digital data from Data Bank B. 

I Differential ECL convert signals. 

All ground pins should be connected together. 


Normally grounded; hysteresis control pin. 

Normally connected to -V s . When grounded, lower order bits are inverted. 
Normally floating; midpoint of reference resistor ladder. Can be adjusted to 
minimize integral nonlinearity. 

Normally connected to -V s . When grounded, MSB is inverted. 
ECL-compatible output indicating ANALOG IN > +V SENSE . 

ECL-compatible output indicating ANALOG IN > +V SENSE . 

Normally floating or tied to -V s . When grounded, OVERFLOW A and B are 
disabled; D0-D7 remain at ECL logic “1” when ANALOG IN > +V SENSE . 
Normally 0 V; sets voltage reference at top of ladder. 

Normally -2 V; sets voltage reference at bottom of ladder. 

-5.2 Volts; analog supply voltage. 

-5.2 Volts; digital supply voltage. 

Voltage sense line to most positive comparator reference input. 

Voltage sense line to most negative comparator reference input. 
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THEORY OF OPERATION 

Refer to the AD9038 Block Diagram. Both units use a “flash,” 
or parallel, A/D architecture. The analog input voltage range is 
determined by an external voltage reference (+V RE f and 
-V REF ), nominally 0 to -2 V. An internal resistor ladder 
divides this reference into 255 levels, each representing a single 
quantization level. 

The A/D conversion, triggered by the ENCODE signal, is per- 
formed by 255 comparators. The output of the comparators 
indicates the appropriate quantization level of the analog input 
signal. The decoding logic processes the comparator outputs and 
provides an 8-bit code to the output stage. 

Flash architecture has an advantage over other A/D architectures 
because the conversion occurs in one step, and the performance 
of the converter is limited primarily by the speed and matching 
of the individual comparators. A state-of-the-art bipolar process 
and careful comparator design give the AD9028/AD9038 excel- 
lent ac performance. A proprietary decoding scheme minimizes 
error codes, and control pins allow the user to select among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding. 

APPLICATIONS 
Voltage References 

The AD9028/AD9038 requires that the user provide two voltage 
references: +V REF and -V REF , as shown in Figure 1. These 
two voltages are applied across an internal resistor ladder (nomi- 
nally 40 Cl) and set the analog input voltage range of the con- 
verter. Each voltage reference should be driven from a stable, 
low impedance source. The reference connections should be 
capacitively coupled to ground to bypass noise. 




► = TO COMPARATORS 

Figure 1. Reference Ladder 


Applying a voltage greater than 2.1 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9028/AD9038. The 
design of the reference circuit should limit the voltage available 
to the references. 

Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called “top and bottom of the ladder offsets,” can be nulled by 
using the voltage sense lines, +V SENSE and -V SENSE , to adjust 
the reference voltages. Current through the sense lines should be 
limited to 100 fiA. 

The voltage at the midpoint of the resistor ladder, MIDSCALE 
VREF, can be adjusted to improve the integral linearity of indi- 
vidual devices. 

A suggested application in Figure 4 shows a reference circuit 
which nulls out the offset errors using two op amps. Feedback 
from the sense lines causes the op amps to compensate for the 
offset errors. The two transistors limit the amount of current 
drawn directly from the op amp; resistors at the base and emit- 
ter stabilize their operation. 

Analog Input Signal 

The analog input circuit of the AD9028/AD9038 consists of 255 
comparator inputs and can be represented by a single transistor 
as shown in Figure 2. 



Figure 2. Preferred Analog Input Configuration 


Typically, the ANALOG INPUT has an input resistance of 
100 kfl. Input capacitance is characterized in Figure 3. 

With ANALOG RETURN (collector of the input transistor) 
connected to ground, collector base capacitance causes the ana- 
log input capacitance to be dependent on the analog input volt- 
age. This varying capacitance is typical of flash converters, and 
requires that the ANALOG INPUT be driven from a low 
impedance source. This source must be capable of driving a 
capacitive load to avoid distorting the analog input signal at high 
frequencies. In applications where the analog source cannot ade- 
quately drive the input capacitance, harmonic distortion will 
increase; the effect will be greatest on the second harmonic. 

AC performance of the AD9028/AD9038 can be improved by 
connecting the ANALOG RETURN to a dc voltage between 
ground and +1.5 V. This reduces the analog input capacitance 
and lessens its dependence on the analog input voltage (see 
Figure 3). 
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cancels the ac voltage between the ANALOG RETURN and 
ANALOG INPUT connections, which minimizes the collector- 
base component of the analog input capacitance. The analog 
input capacitance characteristics under this condition are also 
shown in Figure 3. 

In any of the configurations described above, the user should 
drive the analog signal from a low distortion, low noise ampli- 
fier. A good choice is the AD9611, a wide bandwidth opera- 
tional amplifier with excellent ac performance. 

Selection of the buffer is also important for applications in 
which the analog input signal is applied to the ANALOG 
RETURN. The gain of the buffer should be set as close to 1 as 
possible, and the buffer should have a low phase shift at the fre- 
quencies of interest. It must also be able to supply the current 
required, typically 14 mA. 


Figure 3. Input Capacitance vs. Input Voltage 

The circuits shown in Figure 2 and Figure 4 show the ANA- 
LOG RETURN driven by a buffered version of the signal pre- 
sented to the ANALOG INPUT. The dc level of this signal is 
1 V higher than the analog input, and thus reduces the analog 
input capacitance as described above. In addition, the signal 


Harmonic distortion at the ANALOG RETURN is not as criti- 
cal as that at the ANALOG INPUT, but should remain less 
than 40 dB (out to 100 MHz) to maximize converter perfor- 
mance. The input impedance at this node is approximately 
6.5 kfl in parallel with 25 pF. Monolithic wideband operational 
amplifiers and closed loop buffers should be suitable for driving 
this input. 


-5.2 V -5.2 V 


ANALOG 

INPUT 

SIGNAL 



Figure 4. AD9038 Typical Application 
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Timing 

In the AD9028, the rising edge of the ENCODE signal triggers 
the A/D conversion by latching the comparators. The falling 
edge of the ENCODE signal returns the comparators to track 
mode and triggers the Data Ready signal. 

ENCODE and ENCODE are ECL compatible and should be 
driven differentially. Jitter on the ENCODE signal will raise the 
noise floor of the converter. Differential signals, with fast clean 
edges, will reduce the jitter in the signal and allow optimum ac 
performance. In applications with a fixed, high frequency 


encode rate, converter performance is also improved (jitter 
reduced) by using a crystal oscillator as the system clock. 

The AD9028 is designed to operate with a 50% duty cycle 
ENCODE signal; adjustment of the duty cycle may improve the 
dynamic performance of individual devices. Since the ENCODE 
signal is driven differentially, the logic levels are not critical. 
Users should remember, however, that reduced logic levels will 
reduce the slew rate of the edges, and effectively increase the 
jitter of the signal. ECL terminations for the ENCODE and 
ENCODE signals should be as close as possible to the AD9028 
package to avoid reflections. 


ENCODE v 

ENCODE 


— ► tool* - ! ; 

—I l-«- — H 

)C= 


DATA OUTPUT 

T~ 





*DR 
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DATA READY A 


_ J 
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XX 


DATA FOR N+1 


X 


A / “ \ / \ 


DATA READY B 


X 


J \ ■ / \ f 


t A - APERTURE DELAY 

t OD - OUTPUT DELAY 

t PD - PIPELINE DELAY 

t DR - DATA READY OUTPUT DELAY 


AD9028 Timing Diagram 
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AD9038 Timing Diagram 
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Output data of the AD9028, D 0A -D 7A and OVERFLOW A, as 
well as the data ready signals, are also ECL compatible, and 
should be terminated through 100 Cl to -2 V (or an equivalent 
load). The output data can be latched on the rising edge of the 
DATA READY A output. For the AD9028, the DATA READY 
B output is simply the complement of DATA READY A. 

Timing for the AD9038 is similar to the AD9028, except at the 
output, where the data is demultiplexed to two separate ports. 
Successive data samples alternate between the two ports, reduc- 
ing the output data rate at either port to one-half the encode 
rate. Data at port A (D 0A -D 7A and OVERFLOW A) can be 
latched externally using the rising edge of DATA READY A. 
The rising edge of DATA READY B can be used to latch the 
data at port B (D 0B -D 7B and OVERFLOW B). 

The data ready outputs for both the AD9028 and AD9038 are 
designed to track timing shifts over temperature. 

Data Format 

The format of the output data is controlled by the MSB 
INVERT and LSBs INVERT pins. These inputs are dc control 
inputs and should be connected to GROUND or -V s . The 
AD9028/AD9038 Truth Table gives information to choose 
among Binary, Inverted Binary, Twos Complement and 
Inverted Twos Complement coding. 

The OVERFLOW INHIBIT pin controls how the converter 
handles overflow situations (ANALOG INPUT > +V SENSE ). 
For normal operation, the OVERFLOW INHIBIT is connected 
to -V s , and the output data bits (D 0A -D 7A or D 0B -D 7B ) will be 
at a logic LOW when ANALOG INPUT > +V SENSE (return to 
zero operation). The overflow bit (OVERFLOW A or OVER- 
FLOW B) will indicate this condition with a logic HIGH. When 
the ANALOG INPUT is in range (< +V SENSE ), the overflow 
bit will remain at logic LOW. 

If the OVERFLOW INHIBIT pin is connected to ground, the 
overflow bit will be disabled, and the output data will remain at 
logic high for overflow conditions. The overflow bits are not 
affected by the bit invert control pins (MSB INVERT and LSBs 
INVERT). 


Layout and Power Supplies 

Proper layout of high speed circuits is always critical, but is par- 
ticularly important when both analog and digital signals are 
involved. 

Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt- 
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 

Digital signal paths should also be kept short, and run lengths 
matched to avoid propagation delay mismatch. Proper ECL ter- 
minations should be located near the packages of successive 
gates. 

In high speed circuits, layout of the ground circuit is the most 
important factor. A single, low impedance ground plane, on the 
component side of the board, will reduce noise on the circuit 
ground. 

Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow 
designers to lay out signal traces without interrupting the 
ground plane. 

It is especially important to maintain the continuity of the 
ground plane under and around the AD9028/AD9038. If the 
system design separates the digital and analog grounds, analog 
ground is the preferred ground point for the A/D section of the 
system. 

The tops of the AD9028/AD9038 packages are internally con- 
nected to the device substrates, and electrically connected to 
— V s . The top of the package is designed to serve as a heat sink; 
the bottom of the package is not internally connected. 

Sockets limit the dynamic performance and should be used only 
for prototypes or evaluation. 
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INPUT FREQUENCY - MHz INPUT FREQUENCY - MHz 

AD9028/AD9038 Harmonics vs. Input Frequency with AD9028/AD9038 Harmonics vs. Input Frequency with 

Analog Return Driven Analog Return Grounded 



INPUT FREQUENCY - MHz 

AD9028/AD9038 SNR and ENOB vs. Input Frequency 
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Offset Binary 

Twos Complement 



Ovrfl. 





Step 

Range 

Inh. 

True 

Inverted 

True 

Inverted 


0 = -2 V 


MSB INV. = “0” 

MSB INV. = “1” 

MSB INV. = “1” 

MSB INV. = “0” 


FS = 0 V 


LSBs INV. = “0” 

LSBs INV. = “1” 

LSBs INV. = “0” 

LSBs INV. = “1” 

256 

>0.000 

“0” 

(1)00000000 

(1)11111111 

(1)10000000 

(1)01111111 

256 

>0.000 

“1" 

(0)11111111 

(0)00000000 

(0)01111111 

(0)10000000 

255 

-0.008 

X 

11111111 

00000000 

01111111 

10000000 

254 

-0.016 

X 

11111110 

00000001 

01111110 

10000001 

129 

-0.992 

X 

10000000 

01111111 

00000000 

11111111 

128 

-1.000 

X 

01111111 

10000000 

11111111 

00000000 

127 

-1.008 

X 

01111110 

10000001 

11111110 

00000001 

02 

-1.992 

X 

00000010 

11111101 

10000010 

01111101 

01 

-2.000 

X 

00000001 

11111110 

10000001 

01111110 


<-2.000 

X 

00000000 

11111111 

10000000 

01111111 


The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT, 


LSBs INVERT, and OVERFLOW INHIBIT are considered dc controls. 



AD9028/AD9038 Truth Table 


-5.2 V 



MIL-STD-883 Compliance Information 

The AD9028/AD9038TE/TZ/SE/SZ/883 devices are classified 
within Microcircuits Group 57, Technology Group D (bipolar 
A/D converters) and are constructed in accordance with MIL- 
STD-883. The AD9028/AD9038 are electrostatic sensitive and 
fall within electrostatic sensitivity classification Class 1 . Percent 
Defective Allowance (PDA) is computed based on Subgroup 1 
of the specified Group A test list. Quality Assurance (QA) 
screening is in accordance with Alternate Method A of Method 
5005. 

The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes T a =T c =Tj.) MIL-STD-883-compliant devices are 
marked with “C” to indicate compliance. 


AD9028/AD9038 Burn-In Diagram 
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MECHANICAL INFORMATION 

Die Dimensions 178 x 148 x 15 (±2) mils 

Pad Dimensions 4x4 mils 

Metalization . Gold 

Backing None 

Substrate Potential -V s 

Passivation Nitride 

Die Attach Gold Eutectic 

Bond Wire 1.3 mil, Gold; Gold Ball Bonding 


ORDERING INFORMATION 


mperature 

Description 

Package 

Options* 

o +70°C 

68-Pin Ceramic LCC 

E-68A 

o +70°C 

68-Pin Ceramic LCC 

E-68A 

o +70°C 

68-Pin Leaded Ceramic 

Z-68 

o +70°C 

68-Pin Leaded Ceramic 

Z-68 

5°C to +125°C 

68-Pin Ceramic LCC 

E-68A 

5°C to + 125°C 

68 -Pin Ceramic LCC 

E-68A 

5°C to +125°C 

68-Pin Leaded Ceramic 

Z-68 

5°C to +125°C 

68-Pin Leaded Ceramic 

Z-68 

o +70°C 

68 -Pin Ceramic LCC 

E-68A 

o +70°C 

68-Pin Ceramic LCC 

E-68A 

o +70°C 

68 -Pin Leaded Ceramic 

Z-68 

o +70°C 

68-Pin Leaded Ceramic 

Z-68 

5°C to + 125°C 

68 -Pin Ceramic LCC 

E-68A 

'5°C to +125°C 

68-Pin Ceramic LCC 

E-68A 

5°C to +125°C 

68 -Pin Leaded Ceramic 

Z-68 

5°C to +125°C 

68 -Pin Leaded Ceramic 

Z-68 

ge outline information. 
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ANALOG 

DEVICES 


Monolithic 8-Bit 
Video A/D Converter 


AD9048 


FEATURES 
35MSPS Encode Rate 
16pF Input Capacitance 
550mW Power Dissipation 
Industry-Standard Pinouts 

APPLICATIONS 
Professional Video Systems 
Special Effects Generators 
Electro-Optics 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 


GENERAL DESCRIPTION 

The AD9048 is an 8-bit, 35MSPS flash converter, made on a 
high speed bipolar process, which is an alternate source for the 
TDC1048 unit but offers enhancements over its predecessor. 
Lower power dissipation makes the AD9048 attractive for a 
variety of system designs. 

Because of its wide bandwidth, it is an ideal choice for real-time 
conversion of video signals. Input bandwidth is flat with no 
missing codes. 

Clocked latching comparators, encoding logic and output buffer 
registers operating at minimum rates of 35MSPS preclude a 
need for a sample-and-hold (S/H) or track-and-hold (T/H) in 
most system designs using the AD9048. All digital control inputs 
and outputs are TTL compatible. 

Devices operating over two ambient temperature ranges and 
with two grades of linearity are available. Linearities of either 
0.5LSB or 0.75LSB can be ordered for a commercial range of 0 
to + 70°C, or extended case temperatures of -55°C to + 125°C. 
Commercial versions are packaged in 28-pin DIPs and plastic 
leaded chip carriers (PLCCs); extended temperature versions are 
available in ceramic DIP and ceramic LCC packages. Both com- 
mercial units and MIL-STD-883 units are standard products. 


AD9048 FUNCTIONAL BLOCK DIAGRAM 



ANALOG-TO-DIGITAL CONVERTERS 3-509 









(typical with nominal supplies unless otherwise noted) 


ABSOLUTE MAXIMUM RATINGS 1 


V cc to DGND - 0.5V dc to + 7.0V dc 

AGND to DGND -0.5V dc to +0.5V dc 

V ee to AGND +0.5V dc to -7.0V dc 

Vinj Vrt or Vrb to AGND -I- 0.5V to Vee 

V rt to V RB -2.2V dc to + 2.2V dc 

CONV, NMINV or NLINV to DGND . -0.5V dc to + 5.5V dc 
Applied Output Voltage to DGND . -0.5V dc to 4- 5.5V dc 2 


Applied Output Current, Externally Forced 

- 1.0mA to +6. 0mA 3,4 


Output Short-Circuit Duration l.Osec 5 

Operating Temperature Range (Ambient) 

AD9048JN/KN/JP/KP/JQ/KQ 0to+70°C 

AD9048SE/SQ/TE/TQ/883B - 55°C to + 125°C 

Maximum Junction Temperature (Plastic) + 150°C 6 

Maximum Junction Temperature (Hermetic) + 175°C 6 

Lead Temperature (Soldering, lOsec) + 300°C 

Storage Temperature Range -65°C to +150°C 


ELECTRICAL CHARACTERISTICS (V cc = + 5.0V; Vee= -5.2V; Differential Reference Voltage = 2.0V, unless otherwise noted) 


Parameter (Conditions) 

Temp 

Test 

Level 

AD9048JN/JP/JQ 

Min Typ Max 

AD9048KN/KP/KQ 
Min Typ Max 

Sub- 

Group 7 

AD9048SE/SQ/883B 
Min Typ Max 

AD9048TE/TQ/883B 
Min Typ Max 

Units 

RESOLUTION 



8 

8 


8 

8 

Bits 

DC ACCURACY 

















Differential Nonlinearity 

+ 25°C 

I 


0.4 

0.75 


0.3 

0.5 

7 


0.4 

0.75 


0.3 

0.5 

LSB 


Full 

VI 



1.0 



0.65 

8 



1.0 



0.5 

LSB 

Integral Nonlinearity 

+ 25°C 

I 


0.6 

0.75 


0.4 

0.5 

7 


0.6 

0.75 


0.4 

0.5 

LSB 


Full 

VI 



1.0 



0.65 

8 



1.0 



0.5 

LSB 

No Missing Codes 

Full 

VI 

GUARANTEED 

GUARANTEED 

7,8 

GUARANTEED 

GUARANTEED 


INITIAL OFFSET ERROR 

















Top of Reference Ladder 

+ 25°C 

I 


5 

12 


5 

12 

7 


5 

12 


5 

12 

mV 


Full 

VI 



12 



12 

8 



12 



12 

mV 

Bottom of Reference Ladder 

+ 25°C 

I 


4 

10 


4 

10 

7 


4 

10 


4 

10 

mV 


Full 

VI 



10 



10 

8 



10 



10 

mV 

Offset Drift Coefficient 

Full 

V 


20 



20 




20 



20 


^V/°C 

ANALOG INPUT 

















Input Voltage Range 

Full 

V 


-2.1; 



-2.1; 




-2.1; 



-2.1; 







+ 0.1 



+ 0.1 




+ 0.1 



+ 0.1 


V 

Input Bias Current 8,9,10 

+ 25°C 

I 


36 

60 


36 

60 

1 


36 

60 


36 

60 

|xA 


Full 

VI 



100 



100 

2,3 



100 



100 

pA 

Input Resistance 

+ 25°C 

I 

200 

300 


200 

300 


1 

200 

300 


200 

300 


kft 


Full 

VI 

40 



40 



2,3 

40 



40 



kD 

Input Capacitance 

+ 25°C 

III 


16 

20 


16 

20 

12 


16 

20 


16 

20 

P F 

Full Power Bandwidth 11 

+ 25°C 

III 

10 

15 


10 

15 


12 

10 

15 


10 

15 


MHz 

REFERENCE INPUT 

















Positive Reference Voltage 12 

Full 

V 


0.0 



0.0 




0.0 



0.0 


V 

Negative Reference Voltage 12 

Full 

V 


-2.0 



-2.0 




-2.0 



-2.0 


V 

Differential Reference Voltage 

Full 

V 


2.0 



2.0 




2.0 



2.0 


V 

Reference Ladder Resistance 

Full 

VI 

50 

90 

125 

50 

90 

125 

1,2,3 

50 

90 

125 

50 

90 

125 

a 

Ladder Temperature Coefficient 

Full 

V 


0.22 



0.22 




0.22 



0.22 


fl/°C 

Reference Ladder Current 1 3 

Full 

VI 


23 

40 


23 

40 

1,2,3 


23 

40 


23 

40 

mA 

Reference Input Bandwidth 

+ 25°C 

V 


10 



10 




10 



10 


MHz 

DYNAMIC PERFORMANCE 14 

















Conversion Rate 1 3 ’ 1 5 

+ 25°C 

I 

35 

38 


35 

38 


4 

35 

38 


35 

38 


MHz 

Aperture Delay 

+ 25°C 

III 


2.4 

5 


2.4 

5 

12 


2.4 

5 


2.4 

5 

ns 

Aperture Uncertainty (Jitter) 

+ 25°C 

III 


25 

50 


25 

50 

12 


25 

50 


25 

50 

ps 

Output Delay (t PD ) 9,13 

+ 25°C 

I 


13 

15 


9 

12 

9 


9 

12 


9 

12 

ns 

Output Hold Time (t 0 H ) 16 

+ 25°C 

I 

5 

8 


5 

8 


9 

5 

8 


5 

8 


ns 

Transient Response 17 

+ 25°C 

I 


6 

20 


6 

20 

4 


6 

20 


6 

20 

ns 

Overvoltage Recovery Time 18 

+ 25°C 

V 


8 



8 




8 



8 


ns 

Rise Time 

+ 25°C 

I 



9 



9 

9 



9 



9 

ns 

Fall Time 

+ 25°C 

I 



14 



14 

9 



14 



14 

ns 

Ou tput Time Skew 1 9 

+ 25°C 

I 


4.5 

7 


4.5 

7 

9 


4.5 

7 


4.5 

7 

ns 

NMINV and NLINV INPUTS 9,13 

















+ 0.4V Input Current 

Full 

VI 



200 



200 

1,2,3 



200 



200 

P-A 

+ 2.4 V Input Current 

Full 

VI 



10 



10 

1,2,3 



10 



10 

|aA 

+ 5 . 5 V Input Current 

Full 

VI 



10 



10 

1,2,3 



10 



10 

pA 

CONVERT INPUT 








1 









Logic “1” Voltage 

Full 

VI 

2.0 



2.0 



7,8 

2.0 



2.0 



V 

Logic “0” Voltage 

Full 

VI 



0.8 



0.8 

7,8 



0.8 



0.8 

V 

Logic “1” Current (Vj = + 2.4V) 9,13 

Full 

VI 



15 



15 

1,2,3 



15 



15 

pA 

Logic “1” Current (V i = + 5.5V) 9,13 

Full 

VI 



15 



15 

1,2,3 



15 



15 

pA 

Logic “0” Current 9,13 

Full 

VI 



400 



400 

1,2,3 



400 



400 

pA 

Input Capacitance 

+ 25°C 

III 


4 

6 


4 

6 

12 


4 

6 


4 

6 

pF 

Convert Pulse Width (LOW) 

+ 25°C 

I 

18 



18 



4 

18 



18 



ns 

Convert Pulse Width (HIGH) J 

+ 25°C 

I 

10 



10 


1 

4 

10 



10 



ns 
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AD9048 




Test 

AD9048JN/JP/JQ 

AD9048KN/KP/KQ 

Sub- 

AD9048SE/SQ/883B 

AD9048TE/TQ/883B 


Parameter (Conditions) 

Temp 

Level 

Min Typ Max 

Min Typ Max 

Group' 

Min Typ Max 

Min Typ Max 

Units 

AC LINEARITY 









In-Band Harmonics 









dc to 2.438MHz 20 

+ 25°C 

I 

47 50 

49 55 

4 

47 50 

49 55 

dBc 

dc to 9.35MHz 21 

+ 25°C 

V 

48 

48 


48 

48 

dBc 

Signal-to-Noise Ratio (SNR) 20 









1 .248MHz Input Frequency 22 

+ 25°C 

I 

43.5 44 

45 46 

4 

43.5 44 

45 46 

dB 

2.438MHz Input Frequency 22 

+ 25°C 

I 

43 44 

44 46 

4 

43 44 

44 46 

dB 

1 .248MHz Input Frequency 23 

+ 25°C 

I 

52.5 53 

54 55 

4 

52.5 53 

54 55 

dB 

2.438MHz Input Frequency 23 

+ 25°C 

I 

52 53 

53 55 

4 

52 53 

53 55 

dB 

Signal-to-Noise Ratio (SNR) 21 









1 .248MHz Input Frequency 22 

+ 25°C 

I 

43.5 44 

45 46 

4 

43.5 44 

45 46 

dB 

9.35MHz Input Frequency 22 

+ 25°C 

V 

40.5 

40.5 


40.5 

40.5 

dB 

Noise Power Ratio (NPR) 24 

+ 25°C 

III 

36.5 39 

36.5 39 

12 

36.5 39 

36.5 39 

dB 

Differential Phase 25 

+ 25°C 

III 

1 

1 

12 

1 

1 

Degree 

Differential Gain 25 

+ 25°C 

III 

2 

2 

12 

2 

2 

% 

DIGITAL OUTPUTS 









Logic “1” Voltage 15 

Full 

VI 

2.4 

2.4 

1,2,3 

2.4 

2.4 

V 

Logic “0” Voltage 10,15 

Full 

VI 

0.5 

0.5 

1,2,3 

0.5 

0.5 

V 

Short Circuit Current 5 

Full 

VI 

30 

30 

1,2,3 

30 

30 

mA 

POWER SUPPLY 









Positive Supply Current ( + 5 . 5 V) 

+ 25°C 

I 

34 40 

34 40 

1 

34 40 

34 40 

mA 

(V f .f.= -5.5V) 

Full 

VI 

40 

40 

2,3 

40 

40 

mA 

Negative Supply Current ( - 5.5V) 

+ 25°C 

I 

90 110 

90 110 

1 

90 110 

90 110 

mA 


Full 

VI 

120 

120 

2,3 

120 

120 

mA 

Nominal Power Dissipation 

+ 25°C 

V 

550 

550 


550 

550 

mW 

Reference Ladder Dissipation 

+ 25°C 

V 

45 

45 


45 

i 

45 

mW 


NOTES: 

'Maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the 
conditions is not necessarily implied. Exposure to absolute maximum rating conditions for extended periods 
2 Applied voltage must be current-limited to specified range. 

3 Forcing voltage must be limited to specified range. 

4 Current is specified as negative when flowing into the device. 

5 Output High; one pin to ground; one second duration. 

6 Typical thermal impedances (no air flow) are as follows: 

Ceramic DIP: 0 JA = 49°C/W; 0 JC = 15°C/W LCC: 0 JA = 69°C/W; 0 JC = 21°C/W 
Plastic DIP: 0 JA = 58°C/W; 0 JC = 16°C/W PLCC: 0 JA = 59; 0 JC = 19 

To calculate juntion temperature (Tj), use power dissipation (PD) and thermal impedance: 

Tj = PD(0j A ) + T AMBI i. :NT = PD(0j C )= +T CAS k 
7 Military subgroups apply only to military-grade devices. 

"Measured with V| N = OV and CONVERT low (sampling mode). 

9 V C c =■ + 5.5V 
10 V,. ; ,. ; = -5.5V 

1 1 Determined by beat frequency testing for no missing codes. 

U V R , s Vr B under all circumstances. 

,3 V,. ;h = -4.9V 

14 Outputs terminated with 40pF and 81011 pull-up resistors. 
l5 Vcc = +4.5V 

,6 Interval from 50% point of leading edge CONVERT pulse to change in output data. 
l7 For full scale step input, 8-bit accuracy attained in specified time. 

'"Recovers to 8-bit accuracy in specified time after - 3V input overvoltage. 

'’Output time skew includes high-to-low and low-to-high transitions as well as bit-to-bit time skew differences. 
20 Measured at 20MHz encode rate with analog input ldB below full scale. 

2 'Measured at 35 MHz encode rate with analog input ldB below full scale. 

22 RMS signal to rms noise. 

23 Peak signal to rms noise. 

24 DC to 8MHz noise bandwidth with 1 .248MHz slot; four sigma loading; 20MHz encode. 

25 Clock frequency = 4 x NTSC= 14.32MHz. Measured with 40-IRE modulated ramp. 

Specifications subject to change without notice. 


device may be impaired. Functional operation under any of these 
of time may affect device reliability. 


EXPLANATION OF TEST LEVELS 

Test Level I - 100% production tested. 

Test Level II - 100% production tested at +2 5°C and 
sample tested at specified temperatures. 

Test Level III - Sample tested only. 

Test Level IV - Parameter is guaranteed by design and 
characterization testing. 

Test Level V - Parameter is a typical value only. 

Test Level VI - All devices are 100% production tested at 

25°C. 100% production tested at temperature 
extremes for military temperature devices; 
sample tested at temperature extremes for 
commercial/industrial devices. 


EXPLANATION OF SUBGROUPS 

Subgroup 1 - Static tests at +25°C. 

(5% PDA calculated against Subgroup 1 
for MIL-STD-883B versions.) 

Subgroup 2 - Static tests at maximum rated 
operating temperature. 

Subgroup 3 -Static tests at minimum rated 
operating temperature. 

Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at maximum rated 
operating temperature. 

Subgroup 6 - Dynamic tests at minimum rated 
operating temperature. 

Subgroup 7 - Functional tests at +25°C. 

Subgroup 8 - Functional tests at maximum and 

minimum rated operating temperature. 

Subgroup 9 - Switching tests at +25°C. 

Subgroup 10 - Switching tests at maximum rated 
operating temperature. 

Subgroup 1 1 - Switching tests at minimum rated 
operating temperature. 

Subgroup 12 - Periodically sample tested. 
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MECHANICAL INFORMATION 



Die Dimensions 127 x 140x4 (±2) mils 

Pad Dimensions 4x4 mils 

Metalization Gold 

Backing None 

Substrate Potential ". V EE 

Passivation Nitride 

Die Attach Gold Eutectic 

Bond Wire 1 mil Gold; Gold Ball Bonding 
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PIN CONFIGURATION 


Z z 

rt CO CM r- 5 S 

a a a a z c c 

4 3 2 1 28 27 


V EE | 7 | AD9048 22] NC 

Zzd TOP VIEW HZ 

V EE 8 I (Not to Scale) 21 NC 


AD9048 
TOP VIEW 
(Not to Scale) 


AD9048 
TOP VIEW 
(Not to Scale) 


12 13 14 15 16 17 


FUNCTIONAL DESCRIPTION 


12 13 14 15 16 17 18 


Name Description 

D1 - D8 Eight digital outputs. D1 (MSB) is the most 

significant bit of the digital output word; 

D8 (LSB) is the least significant bit. 

AGND One of two analog ground returns. Both grounds 

should be connected together and to low impedance 
ground plane near the AD9048. 

DGND One of two digital ground returns. Both grounds 

should be connected together and to low impedance 
ground plane near the AD9048. 

Vcc Positive supply terminals; nominally + 5.0V. 

V EE Negative supply terminals; nominally -5.2V. 

CONVERT Input for conversion signal; sample of analog 
input signal taken on rising edge of this pulse. 


Description 

Most negative reference voltage for internal 
reference ladder. 

Midpoint tap on internal reference ladder. 

Most positive reference voltage for internal 
reference ladder. 

Analog input signal pin. 

“Not Most Significant Bit Invert.” In normal 
operation, this pin floats high; logic LOW at 
NMINV inverts most significant bit of digital 
output word [D1 (MSB)]. 

“Not Least Significant Bit Invert.” In normal 
operation, this pin floats high; logic LOW at 
NLINV inverts the seven least significant bits of 
the digital output word. 


ALL RESISTOR *5% 

ALL CAPACITORS ±20% 
ALL SUPPLY VOLTAGES ± 


(DIGITAL ANALOG ,di D 
GROUND GROUND I RESISTORS 


MIL-STD-883 Compliance Information 

The AD9048SE/TE/SQ/TQ/883B devices are classified within 
Microcircuits Group 57, Technology Group D (bipolar A/D 
converters) and are constructed in accordance with MIL-STD-883. 
The AD9048 is electrostatic sensitive and falls within electrostatic 
sensitivity classification Class 1. Percent Defective Allowance 
(PDA) is computed based on Subgroup 1 of the specified Group 
A test list. Quality Assurance (QA) screening is in accordance 
with Alternate Method A of Method 5005. 

The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes T A = T c = Tj.) MIL-STD-883-compliant devices are 
marked with “C” to indicate compliance. 


A “TLrL^^ z £ 

AD9048 Burn-In Diagram 


ANALOG-TO-DIGITAL CONVERTERS 3-513 






THEORY OF OPERATION 

Refer to the block diagram of the AD9048. The AD9048 comprises 
three functional sections: a comparator array, encoding logic, 
and output latches. 

Within the array, the analog input signal to be digitized is compared 
with 255 reference voltages. The outputs of all comparators 
whose references are below the input signal level will be high; 
and outputs whose references are above that level will be low. 

The n-of-255 code which results from this comparison is applied 
to the encoding logic where it is converted into binary coding. 
When it is inverted with dc signals applied to the NLINV and/or 
NMINV pins, it becomes twos complement. 

After encoding, the signal is applied to the output latch circuits 
where it is held constant between updates controlled by the 
application of CONVERT pulses. 

The AD9048 uses strobed latching comparators in which com- 
parator outputs are either high or low, as dictated by the analog 
input level. Data appearing at the output pins have a pipeline 
delay of one encode cycle. 

Input signal levels between the references applied to R T (Pin 18) 
and Rb (Pin 26) will appear at the output as binary numbers 
between 0 and 255, inclusive. Signals outside that range will 
show up as either full-scale positive or full-scale negative outputs. 
No damage will occur to the AD9048 as long as the input is 
within the voltage range of V E e to + 0.5V. 

The significantly reduced input capacitance of the AD9048 
lowers the drive requirements of the input buffer/amplifier and 
also induces much smaller phase shift in the analog input signal. 

Applications which depend on controlled phase shift at the 
converter input can benefit from using the AD9048 because of 
its inherently lower phase shift. 

The CONVERT, analog input and digital output circuits are 
shown in Figure 1, AD9048 Input/Output Circuits. 


System timing which provides details on delays through the 
AD9048, as well as the relationships of various timing events, is 
shown in Figure 2, AD9048 Timing Diagram. 

Dynamic performance of the AD9048, i.e., typical signal-to-noise 
ratio, is illustrated in Figures 3 and 4. 



COMPARATOR 

CELLS 


Figure 1. Input/Output Circuits 


N + 1 



Figure 2. AD9048 Timing Diagram 
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AD9048 



ANALOG INPUT FREQUENCY - 1 dB BELOW FULL SCALE 


Figure 3. AD9048 Dynamic Performance (20MHz Encode 
Rate) 



100kHz 1MHz 10MHz 

ANALOG INPUT FREQUENCY- IdB BELOW FULL SCALE 

Figure 4. AD9048 Dynamic Performance (35MHz Encode 
Rate) 

LAYOUT SUGGESTIONS 

Designs which use the AD9048 or any other high-speed device 
must follow some basic layout rules to insure optimum 
performance. 

The first requirement is to have a large, low impedance ground 
plane under and around the converter. If the system uses separate 
analog and digital grounds, both should be connected solidly 
together and to the ground plane as close to the AD9048 as 
practical, to avoid ground loop currents. 


Ceramic 0.1 pF decoupling capacitors should be placed as close 
as possible to the supply pins of the AD9048. For decoupling 
low frequency signals, use 10|xF tantalum capacitors, also con- 
nected as close as practical to voltage supply pins. 

Within the AD9048, reference currents may vary because of 
coupling between the clock and input signals. Because of this, it 
is important that the ends of the reference ladder, R T (Pin 18) 
and R b (Pin 28), be connected to low impedances (as measured 
from ground). 

If the AD9048 is being used in a circuit in which the reference 
is not varied, a bypass capacitor to ground is strongly recom- 
mended. In applications which use varying references, they 
must be driven from a low impedance source. 

-15V 



Figure 5. AD9048 Typical Connections 
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Binary 

Offset Twos 

Complement 

Step 

| Range 

True 

Inverted 

True 

Inverted 


- 2.000V FS 

- 2.0480V FS 

NMINV = 1 

0 

0 

1 


7.8431 mV Step 

8. 000m V Step 

NLINV = 1 

0 

1 

0 

000 

0.0000V 

0.0000V 

00000000 

11111111 

10000000 

01111111 

001 

-0.0078V 

-0.0080V 

00000001 

11111110 

10000001 

01111110 

127 

-0.9961V 

-1.0160V 

01111111 

10000000 

11111111 

00000000 

128 

- 1.0039V 

-1.0240V 

10000000 

01111111 

00000000 

11111111 

129 

-1.0118V 

-1.0320V 

10000001 

01111110 

00000001 

11111110 

254 

- 1.9921V 

-2.0320V 

11111110 

00000001 

01111110 

10000001 

255 

-2.0000V 

-2.0400V 

11111111 

00000000 

01111111 

10000000 


AD9048 Truth Table 


ORDERING INFORMATION 


Model 

Linearity 

Temperature 

Description 

Package 

Options* 

AD9048JN 

0.75LSB 

Oto + 70°C 

28-Pin Plastic DIP 

N-28 

AD9048KN 

0.5LSB 

0 to 4- 70°C 

28-Pin Plastic DIP 

N-28 

AD9048JP 

0.75LSB 

Oto + 70°C 

28-Pin PLCC 

P-2 8 A 

AD9048KP 

0.5LSB 

0 to + 70°C 

28-Pin PLCC 

P-2 8 A 

AD9048JQ 

0.75LSB 

0 to + 70°C 

28-Pin Ceramic DIP 

Q-28 

AD9048KQ 

0.5LSB 

Oto +70°C 

28-Pin Ceramic DIP 

Q-28 

AD9048SE/883B 

0.75LSB 

-55°Cto + 125°C 

28-Pin LCC 

E-28A 

AD9048TE/883B 

0.5LSB 

-55°Cto+125°C 

28-Pin LCC 

E-28A 

AD9048SQ/883B 

0.75LSB 

-55°Cto + 125°C 

28-Pin Ceramic DIP 

Q-28 

AD9048TQ/883B 

0.5LSB 

-55°Cto +125°C 

28-Pin Ceramic DIP 

Q-28 


*See Section 14 for package outline information. 
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□ ANALOG 
DEVICES 


AD9502 


Hybrid RS- 170 
Video Digitizer 


FEATURES 

8-Bit Gray Scale Resolution 
Screen Resolution to 512x512 
Phase-Locked Pixel Clock 
TTL Compatible 

APPLICATIONS 
Machine Vision Systems 
Automatic Inspection 
Image Processing 


GENERAL DESCRIPTION 

The Analog Devices’ AD9502 is a video digitizer which converts 
RS-170, NTSC, or PAL camera signals direcdy into 8-bit digital 
information and control signals. 

All of the analog preprocessing functions needed to move from 
the analog world of cameras to the digital world of signal processing 
are contained in this single hybrid component. 

Included are a video amplifier with dc restoration, sync detector 
and separator, phase-locked pixel clock oscillator, and an 8-bit 
analog- to-digital converter. The AD9502 is also extremely adapata- 
ble by virtue of providing for ± 3dB gain control and offset 
variations of 0 to 10 IRE units. These latter characteristics 
increase the flexibility of the device by making it useable over a 
wide range of input signal amplitudes and set up level outputs 
from various types of cameras. 

A pixel clock synchronized to the sync portion of the composite 
signal is generated by the phase-locked oscillator and the sync 


AD9502 FUNCTIONAL BLOCK DIAGRAM 


CO MPARAT OR 

ENABLE 



OFFSET 

ADJ 


detector/separator circuit. Depending on model number, the 
nominal frequency of this clock is 7.31MHz, 9.83MHz, or 
12.85MHz. These frequencies correspond to 512 pixels per line 
or 384 pixels per line, and aspect ratios of 4:3 or 1:1. 

In addition to the pixel clock, AD9502 control signals also include 
horizontal and vertical sync pulses. This combination of outputs 
allows the user to ipanage frame memory efficiently; output data 
can be precisely located for optimum support of complex digital 
signal processing algorithms. 

Six models of the AD9502 are available; all units operate over 
case temperature ranges of — 25°C to -I- 85C. Models AD9502AM, 
AD9502BM, and AD9502CM with pixel clock frequencies of 
7.31MHz, 9.83MHz, and 12.85MHz, respectively, are tested at 
+ 25°C. Models AD9502AMB, AD9502BMB, and AD9502CMB, 
with the same clock frequencies, are tested at temperatures from 
- 25°C to + 85°C. During their manufacturing, these latter 
units also receive additional high-reliability processing. 
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(typical @ + 25°C with nominal supplies, unless otherwise noted) 


Parameter 1,2 

Sub 

Group 

Temp 

— 25°C to +85°C 
AD9502AM/BM/CM 1 
Min Typ Max 

- 25°C to +85°C 
AD9502AMB/BMB/CMB 2 
Min Typ Max 

Units 

RESOLUTION 





■ 

■|||g 


■ 


(GS = Gray Scale) 




8 

■ 

1 

8 


Bits 

(FS = Full Scale) 



■ 

0.4 


m 

0.4 


%GS 

#LSB WEIGHT 3 




8.4 



8.4 


mV 





0.39 



0.39 


IRE Units 

ACCURACY 










/ Integral Linearity 

4 

+ 25°C 


±1.0 

±2.5 


±1.0 

±2.5 

%FS 


5,6 

Full 


±1.5 

±3.0 


±1.5 

±3.0 

%FS 

/ Differential Linearity 4 

4 

+ 25°C 


±2 

±3.0 


±2 

±3.0 

LSB 


5,6 

Full 


±2 

±3.0 


±2 

±3.0 

LSB 

/ Initial Offset 5 

4 

+ 25°C 


±50 

±200 


±50 

±200 

mV 

# Offset vs. Temperature 


Full 


±250 



±250 


|xV/°C 

/Gain 6 

4 

+ 25°C 

1.91 

2.8 

4 

1.91 

2.8 

4 

v/v 

# Gain vs. Temperature 7 


Full 


±250 



±250 


nnm /°P 

J t'k'**" ^ 

DYNAMIC CHARACTERISTICS 










Output Data Rate (Pixel Clock) 8 

11111 









/ AD9502AM/AMB 

KMy 

Full 


7.31 



7.31 


MHz 

/ AD9502BM/BMB 

m m ■ 1 1 

Full 


9.83 



9.83 


MHz 

/ AD9502CM/CMB 

9, 10,11 

Full 


12.85 



12.85 


MHz 

# Sampling Jitter 


+ 25°C 


1 

5 


1 

5 

ns, rms 

# Digital Output Delay 


+ 25°C 

20 

30 

50 

20 

30 

50 

ns 

/ Horizontal Sync Delay 

9 

+ 25°C 

-0.4 

0.3 

0.7 

-0.4 

0.3 


|XS 

/ Horizontal Sync Delay 

10,11 

Full 

-0.4 

0.3 

0.7 

-0.4 

0.3 


|XS 

/Horizontal Sync Width 

9 

+ 25°C 

4.5 

4.8 

5.4 

4.5 

4.8 

m 

|XS 

/Horizontal Sync Width 

10,11 

Full 

4.5 

4.8 

5.4 

4.5 

4.8 

5.4 

fXS 

/Vertical Sync Delay 

9 

+ 25°C 

5.5 

6.0 

6.7 

5.6 

6.0 

6.7 

JXS 

/Vertical Sync Delay 

10,11 

Full 

5.5 

6.0 

6.7 

5.6 

6.0 

6.7 

|XS 

/Sample Delay 

9 

+ 25°C 

7.9 

9.0 

9.4 

7.9 

9.0 

9.4 

p.s 

/Sample Delay 

10,11 

FuH 

7.9 

9.0 

9.4 

7.9 

9.0 

9.4 

|XS 

VIDEO INPUT 










Signal Type 




RS-170 



RS-170 



/ Impedance 

1 

+ 25°C 

67 

75 

83 

67 

75 

83 

n 

/ Impedance 

2,3 

Full 

67 

75 

83 

67 

75 

83 

n 

Input level for rated performance 










# Amplitude 


+ 25°C 

0.71 

1.0 

1.41 

0.71 

1.0 

1.41 

Vp-p 

# Amplitude 


Full 

0.71 

1.0 

1.41 

0.71 

1.0 

1.41 

Vp-p 

# Dynamic Range 










(back porch ref. to ground) 


25°C 

-0.83 


+ 1.5 

-0.83 


+ 1.5 

V 

# Dynamic Range 


Full 

-0.83 


+ 1.5 

-0.83 


+ 1.5 

V 

# Bandwidth (3dB) 


+ 25°C 

5 

7.5 


5 

7.5 


MHz 

# Bandwidth (3dB) 


Full 

5 

7.5 


5 

7.5 


MHz 

AUXILIARY SYNC INPUT 9 










Comparator (Pin 10) 










Width 



1 


6 

1 


6 

|XS 

Frequency 8 




15.75 



15.75 


kHz 

# Loading 




<1 



<1 


TTL Load 

Input Current 










/I IN High(V IN = 2.75V) 

1 

+ 25°C 



50 



50 

|xA 

/I IN Low(V in = 2.3 V) 

1 

+ 25°C 



50 



50 

(xA 

/Logic Level “1” 

1 

+ 25°C 

+ 2.75 



+ 2.75 



V 

/ Logic Level “0” 

1 

+ 25°C 



+ 2.3 



+ 2.3 

V 

/I IN High(V IN = 2.75V) 

2,3 

Full 



50 



50 

p,A 

/I in Low(V in = 2.3V) 

2,3 

Full 



50 



50 

|xA 

/ Logic Level “1” 

2,3 

Full 

+ 2.75 



+ 2.75 



V 

/ Logic Level “0” 

2,3 

Full 

i 



+ 2.3 



+ 2.3 

V 
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AD9502 


Parameter 1 * 2 

Sub 

Group 

Temp 

- 25°C to + 85°C 
AD9502AM/BM/CM 1 

— 25°Cto + 85°C 

AD9502 AMB/BMBCMB 2 

Units 

|£tng| 



Min 

Typ 

Max 

AUXILIARY SYNCH INPUT 9 (Cont.) 










Comparator Enable (Pin 6) 










# Loading 




<1 



<1 


TTL Load 

Input Current 










v /I in Low(V in = 0.0V) 

1 

+ 25°C 



±400 



±400 

|jlA 

yi IN High(V IN = 5.0V) 

1 

+ 25°C 



±400 



±400 

pA 

/Logic Level “1” 

1 

+ 25°C 

+ 3.15 



+ 3.15 



V 

/ Logic Level “0” 

1 

+ 25°C 



+ 1.2 



+ 1.2 

V 

/ Iin High (V IN = 0V) 

2,3 

Full 



±400 



±400 

p,A 

/ Iin Low (V IN = 5.0V) 

2,3 

Full 



±400 



±400 

jjlA 

/ Logic Level “1” 

2,3 

Full 

+ 3.15 



+ 3.15 



V 

/ Logic Level “0” 

2,3 

Full 



+ 0.9 



+ 0.9 

V 

DIGITAL OUTPUTS 










Coding 10 



Comp. Binary (CBN) 

Comp. Binary (CBN) 


Logic Compatibility 




1 TTL 


| TTL 


/ Logic Level" 1” 

1 

+ 25°C 

+ 2.4 


i 

+ 2.4 

l 


V 

/ Logic Level “0” 

1 

+ 25°C 







V 

/ Logic Level “1” 

2,3 

Fun 

+ 2.4 



+ 2.4 



V 

/ Logic Level “0” 

2,3 

Full 





+ 0.5 


V 

/ Drive 

1 

+ 25°C 

2=2 



2=2 



TTL Loads 

/ Drive 

2,3 

Full 

2=2 



5*2 



TTL Loads 

# Time Skew 


+ 25°C 




10 



ns 

# Time Skew 


Full 


1 10 


10 



ns 

POWER REQUIREMENTS 



H H 

mm 






/ + V s ( + 12 to + 15V dc) 

l v 

+ 25°C 

iJ/V ' 

EH 

75 


50 

75 

mA 

/— V s (— 12to-15Vdc) 

1 

+ 25°C 


EH 

45 


30 

45 

mA 

/+Vcc( + 5Vdc±5%) 

1 

+ 25°C 


no 

150 


110 

150 

mA 

/ Power Dissipation 

1 

+ 25°C 

■ 

1.75 

2.55 


1.75 

2.55 

W 

/ + V s ( + 12 to + 15V dc) 

2,3 

Full 


50 

75 


50 

75 

mA 

/ — V s ( — 12 to - 15V dc) 

2,3 

Full 

■ ■ 

30 

45 


30 

45 

mA 

/ V cc ( + 5 V dc ± 5%) 

2,3 

Full 

H H 

110 

150 


110 

150 

mA 

/ Power Dissipation 

2,3 

Full 


1.75 

2.55 


1.75 

2.55 

W 

THERMAL RESISTANCE 



■ ■ 

HI 



■ 



# Junction to Air (0j A ) 




II? 



KBt 


°C/W 

# Junction to Case (0 JC ) 




EH 



EH 


°c/w 

PACKAGE OPTION 11 



AD9502AM 

AD9502AMB 


M-40 



AD9502BM 

AD9502BMB 





AD9502CM 

AD9502CMB 



NOTES 

/ 100% tested (see Notes 1 and 2). EXPLANATION OF GROUP A MILITARY SUBGROUPS 

# Specification guaranteed by design; not tested. 

1 AD9502AM/BM/CM specifications preceded by a check (/) are tested at 
+ 25°C ambient temperature; performance is guaranteed over case 
temperature range of -25°C to 85°C. 

2 AD95 02 AMB/BMB/CMB specifications preceded by a check (/) are tested at 
-25°C case, +25°C ambient, and +85°C case temperatures unless otherwise 
indicated (See Explanation of Group A Military Subgroups). 

internal ADC reference = 2.15V = 100 IRE units. 

Specifications shown guaranteed over temperature on AD95 02 AMB/BMB/CMB. 

5 Offset is difference between voltage reference at OFFSET ADJUST (Pin 32) and 
the dc restored voltage value at AMP OUT (Pin 12). Offset is adjustable with 
external potentiometer to accommodate 0 to 10 IRE units of setup level. 

Adjustable with external potentiometer. Compensates for 3dB variation from 
nominal IV p-p composite signal. 

7 Gain tempco is equal to the voltage reference at OFFSET ADJUST (Pin 32). 

8 Pixel clock stability is directly related to 15.75kHz input clock stability. 

Frequency of pixel clock is set at factory for desired aspect ratio and 
screen resolution; consult Table I for available frequency selections. 

Auxiliary sync can be driven from TTL source and can be composite or 
horizontal only. In horizontal, no output provided at VERTICAL SYNC (Pin 2). 

10 Reference black level output code = 1111 1111; reference white = 0000 0000. 

11 See Section 14 for package outline information. 


Subgroup 1 - Static tests at + 25°C. (10% PDA calculated 
against Subgroup 1 for high-rel versions.) 
Subgroup 2 - Static tests at max rated operating temp. 
Subgroup 3 - Static tests at min rated operating temp. 
Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at max rated operating temp. 
Subgroup 6 - Dynamic tests at min rated operating temp. 
Subgroup 7 - Functional tests at + 25°C. 

Subgroup 8 - Functional tests at max and min rated 
operating temperatures. 

Subgroup 9 - Switching tests at + 25°C. 

Subgroup 10 - Switching tests at max rated operating temp. 
Subgroup 11 - Switching tests at min rated operating temp. 
Subgroup 12 - Periodically sample tested. 
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ABSOLUTE MAXIMUM RATINGS 

Logic Supply Voltage (±V S ) ±18V 

Operating Temperature Range (Case) 

AD9502AM/BM/CM . . -25°C to + 85°C 

AD902AMB/BMB/CMB . -25°C to +85°C 

Junction Temperature + 165°C 

Storage Temperature Range -65°C to + 150°C 

Lead Soldering Temperature (Soldering lOsec) . . . . + 300°C 


PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

DO NOT CONNECT* 

40 

CASE GROUND 

2 

VERTICAL SYNC 

39 

GROUND 

3 

CASE GROUND 

38 

HORIZONTAL SYNC 

4 

GROUND 

37 

+ 5Vdc 

5 

+ 5Vdc 

36 

GROUND 

6 

COMPARATOR ENABLE 

35 

+ 5V dc 

7 

DO NOT CONNECT* 

34 

DO NOT CONNECT* 

8 

+ 5Vdc 

33 

GROUND 

9 

VIDEO INPUT 

32 

OFFSET ADJUST 

10 

COMPARATOR INPUT 

31 

BIT 1 (MSB) 

11 

DO NOT CONNECT* 

30 

BIT 2 

12 

AMPLIFIER OUTPUT 

29 

BIT 3 

13 

GAIN ADJUST 

28 

BIT 4 

14 

+ V( + 12Vto +15V) 

27 

BIT 5 

15 

-V(- 12V to -15V) 

26 

BIT 6 

16 

GROUND 

25 

BIT 7 

17 

GROUND 

24 

BIT8(LSB) 

18 

DO NOT CONNECT* 

23 

+ 5Vdc(ADC) 

19 

+ 5Vdc (VCO) 

22 

ANALOG GROUND 

20 

PIXEL CLOCK OUT 

21 

PIXEL CLOCK IN 


♦THESE PINS ARE USED FOR FACTORY TESTING AND 
SHOULD NOT BE USED AS TIE POINTS OR CONNECTED 
INTO EXTERNAL CIRCUITS. 


THEORY OF OPERATION 

The use of analog-to-digital converters (ADCs) for digitizing 
Gray Scale picture information in a standard RS-170 composite 
signal is widespread throughout the video industry. 

But digitizing only the picture information is not sufficient. 

If a complete video frame is to be stored in memory (in a technique 
generally called “frame grabbing”), the composite signal from 
the camera must have additional processing steps applied. Among 
others, these include dc restoration; sync detection and separation; 
and synchronization to a pixel clock, often “slaved” to a master 
system clock. Analog circuits for achieving these operations 
must be combined, and interfaced to digital logic for subsequent 
processing of the signal. 

The principal functions of “front end” video processors which 
receive the camera signal are to sychronize the frame memory 
and digitize each pixel (smallest controllable picture element) of 
video information. 


Performing these functions is common in the video industry. 

But the method of accomplishing them is eased considerably 
with the AD9502 RS-170 Video Digitizer. 

Refer to the AD9502 Functional Block Diagram. 

The unit consists of four major parts: a phase-locked loop (PLL), 
dc restoration circuits, sync detector/timing circuits, and the 
ADC. 

The PLL comprises a phase detector, loop filter/amplifier, voltage- 
controlled oscillator (VCO), and a digital divider; monolithic 
ICs are used for each section. The frequency of the pixel clock 
output (at Pin 20) is an integer multiple of the horizontal line 
frequency and is phase locked to the sync pulses of the incoming 
composite signal. 

A video amplifier and the sample/hold (S/H) establish a feedback 
loop for dc restoration of the video input. Sync detection and 
timing result from the combined actions of the blocks marked 
AC, Lock Detector, Timing & Control, and the PLL. 

Refer to Figure 1, the AD9502 Timing Diagram. 

As shown, the leading edge of the sync tip pulse serves as the 
reference point for timing the actions of the AD9502. As part of 
the composite signal, these pulses are amplified and inverted by 
the video amplifier and drive the phase-locked loop within the 
unit, but only after the pulses are detected and conditioned. 

The PLL is unlocked during the power-up phase, or if the 
input signal is missing. When it is, the comparator and all timing 
pulses are disabled, creating an ac-coupled signal path for syn- 
chronizing the PLL. 

After the lock indicator detects a lock condition, the dc comparator 
is enabled and the ac-coupled path is disabled. The threshold of 
the comparator is set at slightly more than half the amplitude of 
the sync pulse height in the dc-restored RS-170 signal. 

When the PLL is operating, the phase detector which is part of 
the loop generates an error voltage proportional to the timing 
error between the PLL’s input signal (H Sync) and the VCO’s 
divided-by-N output. If a difference exists between the two, the 
loop filter/amplifier shifts the VCO control voltage in the proper 
direction to minimize the error. The result of these actions is 
that the pixel clock output of the VCO is N times the horizontal 
frequency of the input to the AD9502. 

The integer of the Divide by N circuit is set at the factory for 
the aspect ratio and resolution to be used by the customer and 
causes the phase detector to operate at a constant frequency. 
(Refer to ORDERING INFORMATION and Table I for details 
on specifying the desired frequency of the VCO). 

To insure a stable pixel clock, the loop filter must block feed- 
through from the phase detector and noise. If it does not, the 
VCO will be unable to provide the required phase-coherent 
clock. 

To some degree, clock stability and loop stability are conflicting 
requirements. Clock stability can be affected by noise and feed- 
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VIDEO 

IN 


VIDEO 

AMP 

OUT 


HSYNC 


VSYNC 


S/H 




— HH — t DD 

« rmTTTTTTTmTTTTnTTnm 

|AS 

MIN MAX 
t HD HSYNC DELAY -0.4 +0.7 

t H H SYNC WIDTH +4.5 +5.4 

t VD VSYNC DELAY +5.5 +6.7 

t s SAMPLE DELAY +7.9 +9.4 

t DD DATA DELAY +0.02 +0.05 

Figure 1. AD9502 Timing Diagram 


through; loop stability can affect the acquisition time of the 
loop. The design of the unit has been optimized to minimize 
noise and feedthrough while assuring the PLL will lock during 
a vertical retrace period. 

The vertical sync pulse (VSYNC) which is the other output of 
the Timing & Control circuit shown in the block diagram is 
generated whenever the duration of the incoming sync pulse is 
longer than 6.6|xs. These pulses are shown with a dashed line in 
Figure 1 (and Figure 3) to indicate they are present only after 
the correct number of lines (containing horizontal sync informa- 
tion) have occurred and the display must be vertically retraced. 

The sample-hold (S/H) pulse occurs after every incoming sync 
pulse except (a) when a vertical sync pulse occurs; or (b) when 
the PLL is not locked. 

As shown, the S/H pulse occurs during the “back porch” of the 
composite signal. During this sample period, a closed loop 
formed by the video amplifier and the S/H minimizes the error 
between the top of the reference for the “flash” A/D converter 
and the back porch output level of the video amplifier. 


When the S/H switches to the “hold” mode of operation during 
the active picture portion of the composite signal, its output 
inserts the correct amount of dc offset to position the video 
signal within the range of the A/D converter. The offset also 
positions the sync information properly in the range of the sync 
detector. 

Since the RS-170 standard allows for differences in the amplitude 
and setup level of video signals, the AD9502 includes a capability 
for changing gain 3dB and varying offset by 200mV. This is 
illustrated in Figure 2. 

Translated into practical terms pertinent to the video input, this 
ability to vary the input levels means the difference between the 
Reference Black level and the back porch of the input can be 
adjusted from 0 to 10 IRE units. 

As indicated earlier, the internal A/D converter is a “flash” 
type; it provides 8 bits of resolution of the video signal. The 
( + 2.15 volt) voltage reference shown in the block diagram is 
used for the reference ladder of the converter and as a reference 
for dc restoration. The clock and data circuits are TTL compatible, 
capable of encode rates as high as 15MHz. 
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MONOCHROME APPLICATIONS 

The discussion of applying the AD9502 in various applications 
may be enhanced with a brief summary of the nature of video 
signals. 

A standard RS-170 video signal contains 525 horizontal lines of 
the type shown at the top of Figure 1 in each “frame.” Visible 
picture information is contained in 485 of these lines; the remainder 
are used for test and reference information. 

To reduce flicker on the screen, these frames of information are 
divided into two “fields” which are interlaced. For presentation, 
all odd-numbered horizontal lines are displayed on the screen 
from top to bottom. During vertical retrace, the electron gun of 
the cathode-ray tube (CRT) is repositioned from lower right to 
the upper left corner. When this is completed, even-numbered 
lines are scanned from top to bottom. 

A complete frame of two fields is presented each 1/30 of a second 
(displaying each 242 1/2-line field at the 60Hz rate of standard 
power-line frequencies is the key to this technique for reducing 
flicker in the presentation). This means each line of horizontal 
information is equal to 63.5ps, i.e., 1/30/525. 

The horizontal blanking interval uses 10.9jxs of this time, leaving 
52.6|xs for displaying active picture (more correctly, “intensity”) 
information. The resolution of this 52.6ps line will be determined 
by the number of pixels (smallest controllable picture element) 
used to digitize it. 

Resolutions of 512 pixels and 384 pixels per line are the two 
which are generally used for computer-based display 
applications. 

Regardless of the number of pixels, many applications which 
store the complete useable portion of the line will have a 4:3 
aspect ratio. This is the standard ratio for RS-170 signals but 
non-square pixels which can result may cause problems for 
certain processing algorithms. 

Square pixels are more desirable for these situations, and an 
aspect ratio of 1:1 is oftentimes preferred. To obtain it, many 
systems digitize only three quarters of each horizontal line; the 
image which results represents the center 39.45ps of the line’s 
52.6|xs. 


The AD9502 offers pixel rates which can accommodate either 
4:3 or 1:1 aspect ratios in densities of either 384 pixels/line or 
512 pixels/line, as shown in Table I. The frequencies cited in 
the first part of the table are those associated with monochrome 
video signals. For color cameras which supply RGB (red, green, 
blue) outputs, the frequencies are slightly different because of 
being based on the frequency of the color burst information. 

NOTE: The difference of less than 1% between the theoretical 
39.45|xs and the 39.8jjls of Table I is because of the incremental 
frequency settings possible with the VCO. 

In most of Europe and in many other parts of the world, the 
PAL standard is used. This differs from NTSC by virtue of 
using 625 total lines, with 575 active lines; the frame rate is 
25Hz instead of 30Hz. As shown in Table I, the AD9502 can 
also be used for these applications. 

Monochrome RS-170 
Horizontal Frequency = 15.750kHz 



VCO 

Aspect 

Active 

Pixels/ 

Part No 

(MHz) 

Ratio 

Time (us)* 

Line 

AD9502AM 

7.308 

4:3 

52.5 

384 

AD9502BM 

9.828 

1:1 

39.0 

384 

AD9502BM 

9.828 

4:3 

52.1 

512 

AD9502CM 

12.85 

1:1 

39.8 

512 



NTSC 




Horizontal Frequency = 

15.734kHz 



VCO 

Aspect 

Active 

Pixels/ 

Part No 

(MHz) 

Ratio 

Time (ps)* 

Line 

AD9502AM 

7.301 

4:3 

52.6 

384 

AD9502BM 

9.818 

1:1 

39.1 

384 

AD9502BM 

9.818 

4:3 

52.1 

512 

AD9502CM 

12.84 

1:1 

39.9 

512 


European PAL** 



Horizontal Frequency = 

15.625kHz 



VCO 

Aspect 

Active 

Pixels/ 

Part No 

(MHz) 

Ratio 

Time (ps)* 

Line 

AD9502BM 

9.750 

4:3 

44.1 

430 

AD9502CM 

12.75 

1:1 

44.7 

575 


*For aspect ratio and VCO frequency shown, this is portion of the 
horizontal line which will be digitized. 

**See ORDERING INFORMATION section. 


Tablet 

Frame grabbers which process the video information generally 
store either 512 or 256 lines of information, depending upon 
whether they are designed to operate on a complete frame or 
only on each field. 

In a 256-line memory system, only one of the two fields needs 
to be digitized; in a 512-line system, each field is stored 
independently. 

The memory system being used must be able to identify each 
field to assure that each is assigned to the correct address in the 
memory. Figure 3 illustrates the relationships of the horizontal 
and vertical sync pulses generated by the AD9502, and the 
incoming video signal, and makes it easier to visualize how this 
identification is accomplished. 

As shown, the horizontal and vertical sync pulses occur in time 
coincidence for the first field. For the second field, the start of 
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AD9502 


1ST 

FIELD 


2ND 

FIELD 


AD9502 
HORZ SYNC 


AD9502 
VERT SYNC 



Figure 3. Field/Sync Timing Diagram 


each of these two outputs occurs one-half line out of phase. In 
this way, the system can make a distinction between the two 
fields when both are to be stored. 

Many systems use the pixel clock, horizontal sync, and vertical 
sync outputs from the AD9502 to address the frame memory for 
each field by triggering counters. A delay counter, in the horizontal 
or X axis, can be used to determine the point on the selected 
line where data storage begins. A second counter would count 
the pixels needed to obtain the desired pixels/line resolution; the 
number of counts will be determined by the aspect ratio being 
used. 

Both of these counters are set by the horizontal sync pulse output 
of the AD9502. 

Vertical retrace timing information is obtained in essentially the 
same way by using Y counters. For these, the counters are set 
by the vertical sync pulse output. The Y delay counter establishes 
the time of vertical retrace by counting the number of lines 
which occur after the vertical sync pulse; it then starts a second 
(lines/field) counter. The second Y counter establishes the number 
of lines to be digitized in each field. 

Another counter circuit can be used to test for the presence or 
absence of the vertical sync pulse; the counter output is high if 
both sync pulses are present, indicating the first field. 


Alternatively, a T TL composite sync signal ca n be used by 
connecting Pin 6 (COMPARATOR ENABLE) to ground. This 
disables the ac comparator, and the power-up and signal-loss 
start-up circuits; but they are no longer needed with a master 
sync. 

Using the AD9502 in this way has the advantage of making it 
unnecessary for the dc comparator to operate with a video signal 
which may be noisy. 

Besides grounding Pin 6, it is also necessary to remove the 
connection between Pins 10 and 12 and apply the master sync 
input to Pin 10. Figure 4 shows the difference in the two methods 
of operating the AD9502. 

Note that the camera which is being used must also be locked 
to the master sync; if it is not, the AD9502 will not be able to 
sample the back porch of the composite signal for setting the dc 
reference of the A/D converter. 


FROM 

CAMERA 



The combination of X, Y, and first-field lines acts as address 
information for correctly routing the digitized picture data into 
the system memory. 

(NOTE: Additional details are included in the Analog Devices 
application note, “The AD9502 Video Signal Digitizer and Its 
Application.”) 

In systems which use a master composite sync, this routing of 
digital information can be simplified by using the comparator 
enable function available on the AD9502. 

Normally, Pins 10 and 12 are connected externally, as shown in 
the block diagram. This connection applies the output of the 
video amplifier to the input of the dc comparator circuit and, as 
discussed earlier, helps keep the PLL in a locked condition. 


NORMAL OPERATION 


FROM CAMERA 
SYNCHRONIZED TO 
MASTER SYNC 


MASTER SYNC 
OPERATION WITH MASTER SYNC SOURCE 
Figure 4. Monochrome Operation 
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COLOR (RGB) APPLICATIONS 

In RGB applications, three monochrome video inputs represent 
the Red, Green, and Blue outputs of a color camera. Figure 5 
illustrates how it is possible to configure three AD9502 units to 
accept RGB signals. 

Generally, the Green input is used as the master sync reference; 
the other video digitizers are slaved from the Green sync pulses. 



When using multiple devices in this way, it is extremely important 
to use lead lengths which are as short as practical. The drive 
capability of the Green AD9502 is sufficient to drive the dc 
comparators in the Red and Blue digitizers, but only so long as 
the reactive effects of excessive lead lengths do not load the 
video amplifier in the Green unit. 

No attempt should be made to drive low-impedance (<25kfl) 
loads with the output (Pin 12) of the Green digitizer. Frame 
memory management should use the horizontal and vertical 
sync pulses only from the Green AD9502. 

As shown in Figure 5, the connection between Pins 20 and 21 is 
removed on the Red and Blue units; instead, Pin 21 of each is 
tied to Pins 20 and 21 of the Green unit. 

The Red and Blue digitizers must have Pin 6 grounded, with a 
master sync (generated by the Green sync tip pulses) applied to 
Pin 10. Repeating for emphasis: lead lengths need to be as short 
as practical when applying the high-frequency pixel clock and 
for all connections among the digitizers. 

Variations of the applications described here are possible, de- 
pending upon the system configuration and its use. In any ap- 
plication using an external pixel clock, the duty cycle must be 
set to insure that logic low is maintained for a minimum of 
30ns. A shorter interval will have an adverse effect on linearity. 

VCR/VTR OPERATION 

The AD9502 can be operated with VCR or VTR equipment, 
but the sync signals which are supplied must be conditioned to 
insure they are stable in frequency before being applied to the 
device. 

ORDERING INFORMATION 

Six models of the AD9502 Video Digitizer are available, with 
three different pixel clock frequencies. Order model AD9502AM, 
AD9502BM, or AD9502CM for clock frequencies, respectively, 
of 7.31MHz, 9.83MHz, or 12.85MHz. 

For units with high-rel processing and testing at the temperature 
extremes of - 25°C to 85°C, the model numbers with the same 
clock frequencies contain an additional “B” suffix, i.e., 
AD9502AMB, AD9502BMB, or AD9502CMB. 
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ANALOG 

DEVICES 


High Speed 
4-Bit Monolithic ADC 


AD9688 


FEATURES 

200MSPS Encode Rate 

7-Bit Differential Linearity 

Bipolar Input Range 

Wide Input Range -2.7 V to +3.0V 

APPLICATIONS 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 
Radar Guidance Digitizers 
Smart Munitions 


GENERAL DESCRIPTION 

The AD9688 is a 4-bit, high speed, analog-to-digital converter 
with ECL compatible outputs. The AD9688 is a pin compatible 
alternate source for the AM6688. The AD9688 is fabricated in a 
high-performance, bipolar process which allows full Nyquist 
operation up to 200MSPS encode rates. 

The AD9688 provides 7-bit linearity (0.0625LSB for a 4-bit 
device) which, when combined with the wide input range, allows 
several AD9688s to be stacked for higher resolutions. Stacking 
is aided by the overrange output terminals which can be used to 
drive decoding logic. 

The sixteen high speed input comparators will track input signals 
up to 200MHz. The comparator sampling is controlled by the 
differential Latch Enable input. The Latch Enable is designed 
to be driven by 10K or 100K ECL logic families. The outputs 
of the AD9688 are open emitter terminals (10K and 10KH 
compatible) requiring pull-down resistors. 

The AD9688 is offered as both an industrial temperature range 
device — 25°C to + 85°C, and as an extended temperature range 
device, — 55°C to + 125°C. Both versions are available packaged 
in an 18-pin ceramic DIP. The extended temperature range 
device is also available in a ceramic LCC package. 


AD9688 FUNCTIONAL BLOCK DIAGRAM 



OVERRANGE 

OVERRANGE 

D3 (MSB) 

D3 (MSB) 

D2 

D1 

DO (LSB) 


ORDERING INFORMATION 


Device 

Linearity 

Temperature Range 

Description 

Package 

Options* 

AD9688BQ 

0.125LSB 

- 25°C to + 85°C 

18-Pin Cerdip, Industrial 

Q-18 

AD9688TE 

0.125LSB 

— 55°Cto + 125°C 

20-Pin LCC, Extended Temperature 

E-20A 

AD9688TQ 

0.125LSB 

-55°Cto + 125°C 

18-Pin Cerdip, Extended Temperature 

Q-18 


*See Section 14 for package outline information. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ± 7V 

Analog- to- Digital Ground Voltage Differential 0.5V 

Analog Input Voltages 

(Vinj + V ref , Vr EF , REFmid ) 2 • -4.0 to 4.0V 

Differential Reference Voltage ( + Vref to -Vref ) 3 • • • 7.0V 

Reference Midpoint Current . ±4mA 

LATCH ENABLE Input Voltages - 5.2V to 0V 

Differential LATCH ENABLE Voltage 5.2V 


Digital Output Current 20mA 

Power Dissipation ( + 25°C Free Air) 4 1.3W 

Operating Temperature Range 

AD9688BQ -25°Cto+85°C 

AD9688TE/TQ - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature + 175°C 

Lead Soldering Temperature (lOsec) + 300°C 


ri rnTnifiAi nuAnArvrrniCTinc (Supply Voltages = - 5.2V and + 5.0V, 

ELECTRICAL CHARACTERISTICS Differential Reference Voltage = 2.56V, unless otherwise stated) 


Parameter 

Temp 

Min 

AD9688BQ 

Typ 

Max 

AD9688TE/TQ 
Min Typ 

Max 

Units 

RESOLUTION 


4 

1 

Bits 

DC ACCURACY 









Differential Linearity 

-f 25°C 


0.04 

0.0625 


0.04 

0.0625 

LSB 


Full 



0.125 



0.125 

LSB 

Integral Linearity 

+ 25°C 


0.055 

0!0625 


0.055 

0.0625 

LSB 


Full 



0.0625 



0.0625 

LSB 

Transition Error Voltage 

Full 



10 



10 

mV 

No Missing Codes 

Full 


GUARANTEED 


GUARANTEED 



INITIAL OFFSET ERROR 









Top of Reference Ladder 

+ 25°C 


13.0 

20.0 


13.0 

20.0 

mV 


Full 



25.0 



25.0 

mV 

Bottom of Reference Ladder 

+ 25°C 


5.0 

10.0 


5.0 

10.0 

mV 


Full 



15.0 



15.0 

mV 

Offset Drift Coefficient 

Full 


30 



30 


|xV/°C 

ANALOG INPUT 

■2p9| 








Input Voltage Range 



-2.7, +3.3 



-2.7, +3.3 


V 

Input Bias Current 5 



125 

175 


125 

175 

julA 





230 



230 

|xA 

Input Resistance 

+ 25°C 


40 



40 


kO 

Input Capacitance 

+ 25°C 


10.3 

13.0 


10.3 

13.0 

pF 

Full Power Bandwidth 6 

+ 25°C 


100 



100 


MHz 

REFERENCE INPUT 2 ’ 3 









Reference Ladder Resistance 

+ 25°C 

280 

350 

420 

280 

350 

420 

n 

Ladder Temperature Coefficient 

Full 


0.75 



0.75 


arc 

Reference Input Bandwidth 

+ 25°C 


20 



20 


MHz 

DYNAMIC PERFORMANCE 7 









Conversion Rate 

+ 25°C 

175 

200 


175 



MHz 

Conversion Time 

+ 25°C 


5.0 

5.7 



5.7 

ns 

Minimum Output Hold Time (toH) 8 

+ 25°C 

3.0 

3.9 



3.9 


ns 

Output Delay (t PD ) 9 

+ 25°C 


6.0 

6.5 



6.5 

ns 

Analog Hold Time (t H ) 

+ 25°C 


0.8 





ns 

Analog Setup Time (ts) 

+ 25°C 


1.5 



1.5 


ns 

T ransient Response 10 

+ 25°C 


3.7 



3.7 


ns 

Overvoltage Recovery Time 1 1 

+ 25°C 


3.9 



3.9 


ns 

Rise Time 

+ 25°C 


2.2 

3.0 


2.2 


ns 

Fall Time 

+ 25°C 


2.0 

3.0 




ns 

Output Time Skew 12 

+ 25°C 


0.6 





ns 

Dynamic Linearity 

+ 25°C 


0.1 





LSB 
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AD9688 


Parameter 

Temp 

AD9688BQ 

Min Typ Max 

AD9688TE/TQ 

Min Typ Max 

Units 

LATCH ENABLE INPUT 13 





Logic “1” Voltage 

Full 

-1.1 

-1.1 

V 

Logic “0” Voltage 

Full 

-1.5 

-1.5 

V 

Logic “1” Current 

Full 

75 

75 

jxA 

Logic “0” Current 

Full 

2 

2 

p-A 

Input Capacitance 

+ 25°C 

3.5 4.0 

3.5 4.0 

pF 

Latch Enable Pulse Width 





(LATCHED) 

+ 25°C 

3.5 2.8 

3.5 2.8 

ns 

Latch Enable Pulse Width 





(SAMPLED) 

+ 25°C 

2.2 1.3 

2.2 1.3 

ns 

DIGITAL OUTPUTS 7 





Logic “1” Voltage 

Full 

-1.1 

-1.1 

V 

Logic “0” Voltage 

Full 

-1.5 

-1.5 

V 

POWER SUPPLY 14 





Positive Supply Current ( + 5.0V) 

+ 25°C 

65 70 

65 70 

mA 


Full 

75 

75 

mA 

Negative Supply Current ( - 5.2V) 

+ 25°C 

71 80 

71 80 

mA 


Full 

85 

85 

mA 

Nominal Power Dissipation 

+ 25°C 

694 

694 

mW 

Reference Ladder Dissipation 

+ 25°C 

19 

19 

mW 

Power Supply Rejection Ratio 15 

+ 25°C 

6.5 10 

6.5 10 

mV/V 


NOTES 

Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2 Under normal operating conditions, the analog input voltages should not 
exceed -3.3V to +2.7V. 

3 Under normal operating conditions, the differential reference voltage may 
range from 0.16V to 6.0V; + Vref^ 5 - V REF . 

4 Typical thermal impedance . . . 

1 8-Pin Ceramic 0 JA = 75°C/W; 6 JC = 19°C/W 

20-Pin LCC 0 JA = 80°C/W; 0 JC = 23°C/W 

5 Sample mode with Ai N = + V REF . 

determined by no missing codes in the reconstructed output. 

7 Outputs terminated with 1000 resistors to — 2.0V. 


8 Previous output data will remain valid for specified time after the leading 
edge of the LATCH ENABLE. 

9 Measured from trailing edge of LATCH ENABLE pulse to data out. 
10 For full-scale step input, 6-bit accuracy is attained in specified time. 

1 ‘Recovers to 6-bit accuracy in specified time, after 150% full-scale input 
overvoltage. 

,2 Output time skew includes high-to-low and low-to-high transitions as well 

as bit-to-bit skew differ ences. 

,3 LATCH ENABLE and LATCH ENABLE are differential inputs which 
must be driven concurrently. ECL inputs within the specified ranges are 
guaranteed to produce normal switching. 

14 Supply voltages should remain stable within ± 5% for normal operation. 
15 Measured at + 5.0V ±5% and -5.2V ±5%. 

Specifications subject to change without notice. 
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FUNCTIONAL DESCRIPTION 


PIN NAME 


DIGITAL GROUND 
ANALOG GROUND 
V s + 

ANALOG INPUT 
+ Vref 
“ VreF 

V s - 

LATCH ENABLE 


LATCH ENABLE 


DIGITAL GROUND 
DO(LSB) 

D1 

D2 

REFmid 

D3(MSB) 

D3 (MSB) 
OVERRANGE 

OVERRANGE 


DESCRIPTION 

- One of two digital ground returns. All grounds should be connected together near the AD9688. 

- Analog ground return. All grounds should be connected together near the AD9688. 

- Positive supply terminal, nominally + 5.0V. 

- Analog input terminal. 

- Most positive reference voltage for the internal resistor ladder. 

- Most negative reference voltage for the internal resistor ladder. 

- Negative supply terminal, nominally -5.2V. 

- Noninverting input of differential latch enable input. In the “latch” mode, logic HIGH, the output 
data reflects the analog input level just prior to the ‘’latched” state. In the “sample” mode, logic 
LOW, the output data will att empt to track the an alog input. The LATCH ENABLE must be 
driven in conjunction with the LATCH ENABLE input. 

- Inverting input of differential latch enable input. In the “latch” mode, logic LOW, the output 
data reflects the analog input level just prior to the “latched” state. In the “sample” m ode logic 
HIGH, the output data will attempt to track the analog input. The LATCH ENABLE must be 
driven in conjunction with the LATCH ENABLE input. 

- One of two digital ground returns. All grounds should be connected together near the AD9688. 

- One of four digital outputs. DO (LSB) is the least significant bit of the digital output word, 

- One of four digital outputs. 

- One of four digital outputs. 

- The midpoint tap on the int ernal refere nce ladder. 

- One of four digital outputs. D3 (MSB) is the inverted, most significant bit of the digital output 
word. 

- One of four digital outputs. D3 (MSB) is the most significant bit of the digital output word. 

- Inverted overrange data output. Logic LOW indicates an input voltage overrange (Vin> + Vref)- 
All other digital outputs return to zero (logic LOW) during overrange conditions. 

- Overrange data output. Logic HIGH indicates an input voltage overrange (V IN > + Vref)- All 
other digital outputs return to zero (logic LOW) during overrange conditions. 


PIN CONFIGURATIONS 


1 20 19 



18 D3 (MSB) 
17 D3 (MSB] 
16 REF M1D 
15 D2 
14 D1 



W 


DIGITAL GROUND 

• 

3 

ANALOG GROUND 


3 

V s + [T 


3 

ANALOG INPUT ["T 

AD9688 

3 

■F Vref QT 

TOP VIEW 

3 

— Vref | 6 

(Not to Scale) 

3 

v s - (T 


3 

LATCH ENABLE [V 
r — 


3 

3 

LATCH ENABLE |_9_ 



OVERRANGE 
OVERRANGE 
D3 (MSB) 

D3 (MSB) 

REF M id 

D2 

D1 

DO (LSB) 

DIGITAL GROUND 
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DIE LAYOUT AND MECHANICAL INFORMATION 


SYSTEM TIMING DIAGRAM 


AD9688 



Die Dimensions 
Pad Dimensions 
Metalization 
1st Level 
2nd Level 
Backing 

Substrate Potential 
Passivation 
Die Attach 
Bond Wire 


118.5x96x16 (±2) mils 
4x4 mils 

Copper- Aluminum Alloy 
Aluminum 
None 
-V s 
Oxynitride 
Gold Eutectic 

1.25 mil, Aluminum; Ultrasonic Bonding 
or lmil, Gold; Gold Ball Bonding 


t PW - Minimum Sample Pulse Width 

ts - Minimum Setup Time 

tn - Minimum Hold Time 

t PD - Maximum Output Propagation Delay 

toH - Minimum Output Hold Time 

Vos - Offset Voltage 

NOTE: Comparator outputs are unlatched during “sampling” period. The out- 
put may become invalid during this interval as it attempts to track the 
input signal. 
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TYPICAL APPLICATION 


V ref IN 



INPUTS TO -2.0V THROUGH 100ft. 


GENERAL INFORMATION 

The AD9688 is a high speed device. The 200MSPS encode rate 
and analog input frequencies which can reach 200MHz, demand 
careful layout practice typical of high speed circuit design. One 
of the most important aspects of any AD9688 design is an effective 
low impedance ground plane. Special attention should be paid 
to the actual AD9688 ground connections, particularly if sockets 
must be used. 

The internal reference ladder should be properly biased with 
some form of low-impedance driving source. This becomes 
especially important if several AD9688s are stacked for higher 
resolution. Special transfer functions can be realized when several 
AD9688s are stacked and the resistor tap point voltages 
are skewed to approximate the desired response curve. 


The AD9688 LATCH ENABLE inputs are differential and 
must be driven with complementary latch signals. Output stability 
in the “sampling” mode can be adversely affected by LATCH 
ENABLE signal quality and precision. The effects of a poor 
quality waveform can be partially compensated for by adjusting 
either the average signal value or overall waveform duty cycle. 

Best performance will be achieved through the use of proper 
ECL terminations. The open-emitter outputs of the AD9688 are 
designed to be terminated through lOOfl resistors to -2.0V. If 
high speed ECL signals must be routed more than a few centi- 
meters, MicroStrip or StripLine techniques may be required to 
insure proper transition times and prevent output ringing. 
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□ ANALOG 
DEVICES 


Complete, High Resolution 
16-Bit A/D Converters 


ADADC71/ADADC72 


FEATURES 

Complete 16-Bit Converter With Reference 
and Clock 

±0.003% Maximum Nonlinearity 
No Missing Codes to 14 Bits 
Fast Conversion - 35ps (14 Bit) 

Short Cycle Capability 
Parallel and Serial Logic Outputs 
Low Power: 645mW Typical 
Industry Standard Pin Out 


AD ADC71/AD ADC72 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD ADC71 and AD ADC72 are high resolution 16-bit 
hybrid IC analog-to-digital converters including reference, clock, 
and laser- trimmed thin-film components. The package is a compact 
32-pin hermetic ceramic DIP. The thin-film scaling resistors 
allow analog input ranges of ±2.5V, ±5V, ± 10V, 0 to + 5V, 0 
to + 10V, and 0 to + 20V. 

Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR (AD ADC71K, AD ADC72K 
and B), and maximum conversion time of 50|xs. This performance 
is due to innovative design and the use of proprietary monolithic 
D/A converter chips. Laser-trimmed thin-film resistors provide 
the linearity and wide temperature range for no missing codes. 

The AD ADC71 and AD ADC72 provide data in parallel form 
with corresponding clock and status outputs. The AD ADC71 
also provides data in serial form. All digital inputs and outputs 
are TTL compatible. 


PRODUCT HIGHLIGHTS 

1. The AD ADC71 and AD ADC72 provide 16-bit resolution 
with maximum linearity error less than ±0.003% (±0.006% 
for J and A grades) at 25°C. 

2. Conversion time is 35/xs typical to 14 bits with short cycle 
capability. 

3. Two binary codes are available on the AD ADC71 and AD 
ADC72 output. They are complementary straight binary 
(CSB) for unipolar input voltage ranges and complementary 
offset binary (COB) for bipolar input ranges. Complementary 
two’s complement (CTC) coding may be obtained by inverting 
Pin 1 (MSB). 

4. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 


APPLICATIONS 

The AD ADC71 and AD ADC72 are excellent for use in appli- 
cations requiring 14-bit accuracy over extended temperature 
ranges. Typical applications include medical and analytic in- 
strumentation, precision measurement for industrial robots, 
automatic test equipment (ATE), multichannel data acquisition 
systems, servo control systems and anywhere that excellent 
stability and wide dynamic range in the smallest space is 
required. 
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(typical at T A = +25°C, V s = ±15, +5 volts unless otherwise noted) 


Model 

AD ADC71JD/KD 

AD ADC72JD/KD 

AD ADC72AD/BD 

Units 

RESOLUTION 

16 (max) 

★ 

Hr 

Bits 

ANALOG INPUTS 





Voltage Ranges 





Bipolar 

±2.5, ±5, ±10 

★ 

* 

Volts 

Unipolar 

Oto +5, Oto + 10, Oto +20 

★ 

★ 

Volts 

Impedance (Direct Input) 





Oto + 5V, ±2.5V 

1.88 

* 

★ 

m 

Oto + 10V, ±5.0V 

3.75 

* 

★ 

kfl 

Oto + 20V, ± 10V 

7.50 

★ 

★ 

kH 

DIGITAL INPUTS' 





Convert Command 

Positive Pulse 50ns Wide (min) T railing Edge Initiates Conversion 


Logic Loading 

1 (max) 


★ 

LSTTL Load 

TRANSFER CHARACTERISTICS 





ACCURACY 





Gain Error 

±0.1 2 (±0.2max) 

* 

★ 

% 

Offset Error 





Unipolar 

±0.05 2 (±0.1 max) 

* 

* 

%ofFSR 3 

Bipolar 

±0.1 2 (±0.2max) 

★ 

* 

%of FSR 

Linearity Error (max) 

± 0.006 (J) 

± 0.006 (J) 

±0.006 (A) 

%ofFSR 


± 0.003 (K) 

±0.003(K) 

± 0.003(B) 

% of FSR 

Inherent Quantization Error 

±1/2 

* 

* 

LSB 

Differential Linearity Error 

±0.003 

* 

★ 

% of FSR 

No Missing Codes (a 25°C 4 

To 14 Bits (K Grade) 

* 

To 14 Bits (B Grade) 

Guaranteed 

POWER SUPPLY SENSITIVITY 





± 15V dc 

0.003 

Hr 

★ 

% of FSR/% AV S 

+ 5Vdc 

0.001 

★ 

★ 

% of FSR/% A V s 

CONVERSION TIME 5 (14 BITS) 

35 (50 max) 

Hr 

* 

|AS 

WARM-UPTIME 

5 (min) 

★ 

* 

Minutes 

DRIFT 





Gain 

± 15 (max) 

±10 (±20 max) 

+ 7(± 15 max) 

ppm/°C 

Offset 





Unipolar 

± 2 ( ± 4 max) 

± 2 ( ± 4 max) 

± 2 ( ± 4 max) 

ppmofFSR/°C 

Bipolar 

± 10 (max) 

© 

+1 

oo 

+1 

±5(± 10 max) 

ppmofFSR/°C 

Linearity 

±2(3 max) 

± 1.5 (2 max) 

± 1.0 (2 max) 

ppmofFSR/°C 

Guaranteed No Missing Code 





T emperature Range 4 





71 JD, 72JD, 72AD (13 Bits) 

Oto 70 

* 

Hr 

°C 

71KD,72KD, 72BD(14Bits) 





DIGITAL OUTPUT' 





(All Codes Complementary) 





Parallel and Serial 





Output Codes 6 





Unipolar 

CSB 

★ 

★ 


Bipolar 

COB, CTC 7 

* 

Hr 


Output Drive 

5 

* 

★ 

LSTTL Loads 

Status 

! Logic “ 1 ” During Conversion 



Status Output Drive 

5 (max) 

* 

* 

LSTTL Loads 

Internal Clock 





Clock Output Drive 

5 (max) 

* 

Hr 

LSTTL Loads 

Frequency 

400 

* 

* 

kHz 

INTERNAL REFERENCE VOLTAGE 

6.3 

★ 

★ 

Vdc 

Error 

±5 max 

★ 

★ 

% 

Max External Current Drain 





With no Degradation of Specs 

± 200 max 

* 

Hr 

>xA 

Temperature Coefficient 

± 10 max 

★ 

Hr 

ppm/°C 

POWER SUPPLY REQUIREMENTS 





Power Consumption 

645 (850 max) 

★ 

* 

mW 

Rated Voltage, Analog 

± 15 ±0.5 max 

* 

* 

Vdc 

Rated Voltage, Digital 

+ 5 ±0.25 max 

* 

* 

Vdc 

Supply Drain + 15V dc 

+ 16 

* 

* 

mA 

Supply Drain - 15V dc 

-21 

* 

* 

mA 

Supply Drain + 5 V dc 

+ 18 

★ 

* 

mA 

TEMPERATURE RANGE 





Specification 

0 to + 70 

★ 

- 25 to + 85 

°C 

Operating (Derated Specs) 

- 25 to + 85 

Hr 

-25 to +125 

°C 

Storage 

-55 to +125 

Hr 

* 

°c 


NOTES 

1 Logic “0” = 0.8V, max. Logic“l” = 2.0V, min for inputs. For digital outputs Logic “0” = +0.4Vmax. Logic“l” - 2.4V min. 
Adjustable to zero. 

} Full Scale Range. 

4 For definition of “No Missing Codes”, refer to Theory of Operation. 

5 Conversion time may be shortened with “Short Cycle” set for lower resolution. 

6 CSB- Complementary Straight Binary. COB - Complementary Offset Binary. CTC - Complementary Two’s Complement. 

7 CTC coding obtained by inverting MSB (Pin 1 ). 

‘Specifications same as AD ADC71 JD, KD. 

Specifications subject to change without notice. 
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AD ADC71/AD ADC72 



TEMPERATURE - X 


Figure 1. Linearity Error vs. Temperature 



Figure 2. ADADC72 Gain Drift Error vs. Temperature 



TEMPERATURE - X 


Figure 3. ADADC7 1 Gain Drift Error vs. Temperature 


ORDERING GUIDE 


Model 


Linearity Error Specification 

(Max) Temp Range Package Option* 


AD ADC71JD 
AD ADC71KD 
AD ADC72JD 
ADADC72KD 
AD ADC72AD 
AD ADC72BD 


±0.006% of FSR 0 to + 70°C 
±0.003% of FSR Oto +70°C 
±0.006% of FSR 0 to + 70°C 
±0.003% of FSR 0 to ± 70°C 
±0.006% of FSR - 25°C to + 85°C 
±0.003% of FSR -25°Cto+85°C 


Ceramic (DH-32E) 
Ceramic (DH-32E) 
Ceramic (DH-32E) 
Ceramic (DH-32E) 
Ceramic (DH-32E) 
Ceramic (DH-32E) 


*See Section 14 for package outline information. 
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THEORY OF OPERATION 

The analog continuum is partitioned into 2 16 discrete ranges for 
16-bit conversion. All analog values within a given quantum are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is an inherent quantization 
uncertainty of ± 1/2LSB, associated with the resolution, in 
addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D con- 
verters are combinations of analog errors due to the linear circuitry, 
matching and tracking properties of the ladder and scaling net- 
works, reference error and power supply rejection. The matching 
and tracking errors in the converter have been minimized by the 
use of monolithic DACs that include the scaling network. The 
initial gain and offset errors are specified at ±0.2% FSR for 
gain and ± 0. 1% FSR for offset. These errors may be trimmed 
to zero by the use of external trim circuits as shown in Figures 
5 and 6. Linearity error is defined for unipolar ranges as the 
deviation from a true straight line transfer characteristic from a 
zero voltage analog input, which calls for a zero digital output, 
to a point which is defined as a full scale. The linearity error is 
based on the DAC resistor ratios. It is unaujustabie and is the 
most meaningful indication of A/D converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step size 
(Figure 4). 

Monotonic behavior requires that the differential linearity error 
be less than 1LSB, however a monotonic converter can have 
missing codes; the AD ADC71/AD ADC72 are specified as 
having no missing codes over temperature ranges as specified on 
the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. Statis- 
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS — \^€q^ + €q^ + 
e G = Gain Drift Error (ppm/°C) 
e 0 = Offset Drift Error (ppm of FSR/°C) 
e L = Linearity Error (ppm of FSR/°C) 



Figure 4. Transfer Characteristics for an Ideal Bipolar A/D 


DESCRIPTION OF OPERATION 

On receipt of a CONVERT START command, the AD ADC71/ 
AD ADC72 converts the voltage at its analog input into an 
equivalent 16-bit binary number. This conversion is accomplished 
as follows: the 16-bit successive-approximation register (SAR) 
has its 16-bit outputs connected both to the device bit output 
pins and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback DAC 
output, one bit at a time (MSB first, LSB last). The decision to 
keep or reject each bit is then made at the completion of each 
bit comparison period, depending on the state of the comparator 
at that time. 


GAIN ADJUSTMENT 

The gain adjust circuit consists of a 100ppm/°C potentiometer 
connected across ±V S with its slider connected through a 5 1(M! 
resistor to the gain adjust pin 29 as shown in Figure 5. 

If no external trim adjustment is desired, pins 27 (offset adj) 
and pin 29 (gain adj) may be left open. 


+15V 



Figure 5. Gain Adjustment Circuit 

OFFSET ADJUSTMENT 

The zero adjust circuit consists of a 100ppm/°C potentiometer 
connected across ± V s with its slider connected through a 1.8M11 
resistor to Comparator Input pin 27 for all ranges. As shown in 
Figure 6, the tolerance of this fixed resistor is not critical, and a 
carbon composition type is generally adequate. Using a carbon 
composition resistor having a - 1200ppm/°C tempco contributes 
a worst-case offset tempco of 32 LSBi 4 x 61ppm/LSBi 4 x 
1200ppm/°C = 2.3ppm/°C of FSR, if the OFFSET ADJ poten- 
tiometer is set at either end of its adjustment range. Since the 
maximum offset adjustment required is typically no more than 
± 16 LSBi 4 , use of a carbon composition offset summing resistor 
typically contributes no more than lppm/°C of FSR offset 
tempco. 


+15V 



-15V 


Figure 6. Offset Adjustment Circuit 


An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco <100ppm/°C) are 
used, is shown in Figure 7. 

In either adjust circuit, the fixed resistor connected to pin 27 
should be located close to this pin to keep the pin connection 
runs short (Comparator Input pin 27 is quite sensitive to external 
noise pick-up). 


+15V 



Figure 7. Low Tempco Zero Adjustment Circuit 
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Applying the AD ADC71/ADADC72 


TIMING 

The timing diagram is shown in Figure 8. Receipt of a CONVERT 
START signal sets the STATUS flag, indicating conversion in 
progress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 17 cycles. All the SAR parallel 
bits, STATUS flip-flops, and the gated clock inhibit signal are 
initialized on the trailing edge of the CONVERT START signal. 
At time to, Bx is reset and B 2 - Bi 6 are set unconditionally. At 
ti the Bit 1 decision is made (keep) and Bit 2 is reset uncondi- 
tionally. This sequence continues until the Bit 16 (LSB) decision 
(keep) is made at ti 6 . The STATUS flag is reset, indicating that 
the conversion is complete and that the parallel output data is 
valid. Resetting the STATUS flag restores the gated clock inhibit 
signal, forcing the clock output to the low Logic “0” state. 

Note that the clock remains low until the next conversion. 

Corresponding parallel data bits become valid on the same positive- 
going clock edge. 



NOTES: 

1 THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 50(is FOR 14 BITS AND 46^s FOR 13 BITS (MAX). 

3. MSB DECISION. 

4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 


Figure 8. Timing Diagram (Binary Code 0 1 100 11101111010) 


DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers is in 
negative true form (Logic “1” = 0V and Logic “0” = 2.4V). 
Parallel data output coding is complementary binary for unipolar 
ranges and complementary offset binary for bipolar ranges. 
Parallel data becomes valid at least 20ns before the STATUS 
flag returns to Logic *‘0”, permitting parallel data transfer to be 
clocked on the “1” to “0” transition of the STATUS flag (see 
Figure 9). 

BIT 16 
VALID 


BUSY 

(STATUS) 


Figure 9. LSB Valid to Status Low 



Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input ranges. 
Serial output is by bit (MSB first, LSB last) in NRZ (non-retum- 
to-zero) format. Serial and parallel data outputs change state on 
positive-going clock edges. Serial data is guaranteed valid 120ns 
after the rising clock edges, permitting serial data to be clocked 
directly into a receiving register on the negative-going clock 
edges as shown in Figure 10. There are 17 negative-going clock 
edges in the complete 16-bit conversion cycle. The first negative 
edge shifts an invalid bit into the register, which is shifted out 
on the last negative-going clock edge. All serial data bits will 
have been correctly transferred and be in the receiving shift 
register locations shown at the completion of the conversion 
period. 




■A h- 30ns TO 120ns MAX 


Figure 10. Clock High to Serial Out Valid 

Short Cycle Input: A Short Cycle Input, pin 32, permits the 
timing cycle shown in Figure 8 to be terminated after any number 
of desired bits has been converted, permitting somewhat shorter 
conversion times in applications not requiring full 16-bit resolution. 
When 10-bit resolution is desired, pin 32 is connected to Bit 11 
output pin 1 1 . The conversion cycle then terminates and the 
STATUS flag resets after the Bit 10 decision (ti 0 + 40ns in 
timing diagram of Figure 6). Short cycle connections and associated 
maximum 8-, 10-, 12-, 13-, 14-, and 15-bit conversion times are 
summarized in Table I. 


Connect Short 
Cycle Pin 32 to 
Pin: 

Resolution 

Bits (%FSR) 

Maximum 
Conversion 
Time (ps) 

Status Flag 
Reset 

N/C (Open) 

16 

0.0015 

57.0 

ti6 + 40ns 

16 

15 

0.003 

53.5 

tis + 40ns 

15 

14 

0.006 

50.0 

ti 4 + 40ns 

14 

13 

0.012 

46.5 

tn -1- 40ns 

13 

12 

0.024 

42.8 

ti 2 + 40ns 

11 

10 

0.100 

35.6 

tio + 40ns 

9 

8 

0.390 

28.5 

t 8 + 40ns 


Table I. Short Cycle Connections 
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INPUT SCALING 

The AD ADC71 and AD ADC72 inputs should be scaled as 
close to the maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D converter. 
Connect the input signal as shown in Table II. See Figure 11 
for circuit details. 



ANALOG (O i 
COMMON W 

Figure 1 1. ADADC7 VADADC72 Input Scaling Circuit 


Input 

Signal 

Line 

Output 

Code 

Connect 
Pin 26 
to Pin 

Connect 
Pin 24 
to 

For Direct 
Input, 
Connect 
Input 
Signal to 

±10V 

COB 

27 

Input 

Signal 

24 

±5V 

COB 

27 

Open 

25 

±2.5V 

COB 

27 

Pin 27 

25 

OV to + 5V 

CSB 

22 

Pin 27 

25 

OV to + 10V 

CSB 

22 

Open 

Input 

25 

OV to + 20V 

CSB 

22 

Signal 

24 


Note: Pin 27 is extremely sensitive to noise and must be shielded/guarded by 
analog common. 


Table II. ADADC7 1/ADADC72 Input Scaling Connections 


Output Code 


MSB 

LSB 

Range 

±10V 

±5V 

±2.5V 

Oto + lOV 

Oto +5V 

000 . . 

.000* 

+ Full Scale 

+ 10V 
-3/2LSB 

+ 5V 
-3/2LSB 

+ 2.5V 
-3/2LSB 

+ 10V 
-3/2LSB 

+ 5V 
-3/2LSB 

Oil . . 

. Ill 

Mid Scale 

0 

- 1/2LSB 

0 

-1/2LSB 

0 

- 1/2LSB 

+ 5V 
-1/2LSB 


Ill . . 

. 110 

-Full Scale 

-10V 
+ 1/2LSB 

— 5V 
+ 1/2LSB 

-2.5V 
+ 1/2LSB 

OV 

+ 1/2LSB 

OV 

+ 1/2LSB 


♦Voltages given are the nominal value for transition to the code specified. 

Note: For LSB value for range and resolution used, see Table IV. 

Table III. Transition Values vs. Calibration Codes 

Analog Input 


Voltage Range 


±10V 

±5V 

±2.5V 

OVto+lOV 

0V to + 5 V 

Code 


COB* 

COB* 

COB* 



Designation 


orCTC** 

orCTC** 

orCTC** 

CSB*** 

CSB*** 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

Significant 

Bit (LSB) 

2 n 

2 n 

2“ 

2“ 

2“ 

2” 


n = 8 

78.13mV 

39.06mV 

19.53mV 

39.06mV 

19.53mV 


n= 10 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n= 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 


n = 13 

2.44mV 

1.22mV 

0.61mV 

1.22mV 

0.61mV 


n = 14 

1.22mV 

0.61mV 

0.31mV 

0.61mV 

0.3 lmV 


n = 15 

0.61mV 

0.31mV 

0.1 5mV 

0.31mV 

0.15mV 


NOTES 

♦COB = Complementary Offset Binary. 

**CTC = Complementary Two’s Co mplem ent - achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

♦♦♦CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and LSB Values 
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AD ADC71/AD ADC72 




Figure 12. Analog and Power Connections for Unipolar Figure 13. Analog and Power Connections for Bipolar 

Oto+ 10V Input Range - 10V to + 10V Input Range 


CALIBRATION (14-Bit Resolution Examples) 

External ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figures 5 and 6 , are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and -FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 

0 to + 10V Range: Set analog input to 4 - ILSB 14 = 0.00061V. 
Adjust Zero for digital output = 11111111111110. Zero is now 
calibrated. Set analog input to 4-FSR - 2LSB = + 9.9987V. 
Adjust Gain for 00000000000001 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set analog 
input to + 5.00000V; digital output code should be 
01111111111111 . 

— I0V to + 10V Range: Set analog input to -9.99878V; adjust 
zero for 1111111111110 digital output (complementary offset 
binary) code. Set analog input to 9.99756V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 0. 00000 V; 
digital output (complementary offset binary) code should be 
01111111111111 . 

Other Ranges: Representative digital coding for 0 to + 10V and 

- 10V to + 10V ranges is given above. Coding relationships and 
calibration points for 0 to + 5V, -2.5V to -I- 2.5V and -5V to 
4 - 5V ranges can be found by halving proportionally the corres- 
ponding code equivalents listed for the 0 to + 10V and - 10V to 
4 - 10V ranges, respectively, as indicated in Table III. 

Zero and full-scale calibration can be accomplished to a precision 
of approximately ± 1/2LSB using the static adjustment procedure 
described above. By summing a small sine or triangular wave 
voltage with the signal applied to the analog input, the output 
can be cycled through each of the calibration codes of interest to 
more accurately determine the center (or end points) of each 


discrete quantization level. A detailed description of this dynamic 
calibration technique is presented in “A/D Conversion Hand- 
book”, D. Sheingold, Analog Devices, Inc., 1986, Part II, 
Chapter 4. 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (pins 19 and 22) must be tied together 
at one point for the AD ADC71/AD ADC72 as close as possible 
to the converter. Ideally, a single solid analog ground plane 
under the converter would be desirable. Current flows through 
the wires and etch stripes of the circuit cards, and since these 
paths have resistance and inductance, hundreds of millivolts can 
be generated between the system analog ground point and the 
ground pins of the AD ADC71/AD ADC72. Separate wide 
conductor stripe ground returns should be provided for high 
resolution converters to minimize noise and IR losses from the 
current flow in the path from the converter to the system ground 
point. In this way AD ADC71/AD ADC72 supply currents and 
other digital logic-gate return currents are not summed into the 
same return path as analog signals where they would cause 
measurement errors. 

Each of the AD ADC71/AD ADC72’s supply terminals should 
be capacitively decoupled as close to the AD ADC71/AD ADC72s 
as possible. A large value capacitor such as ljxF in parallel with 
a 0.1 pF capacitor is usually sufficient. Analog supplies are to be 
bypassed to the Analog Power Return pin and the logic supply 
is bypassed to the Logic Power Return pin. 

On the ceramic package the metal cover is internally grounded 
with respect to the power supplies, grounds and electrical signals. 
Do not externally ground the cover. 
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T/H REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 

The AD389 is a companion T/H designed for use with the AD 
ADC71/AD ADC72 family. The characteristics required for 
high resolution track-and-hold amplifiers are low feedthrough, 
low pedestal shifts with changes of input signal or temperature, 
high linearity, low temperature coefficients, and minimal droop 
rate. 

The aperture jitter is a result of noise within the switching 
network which modulates the phase of the hold command and is 
manifested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input. 

The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than 1LSB. The amplitude of 
1LSB of the companion A/D converter for a given input range 
will vary from 610|xV for a 14-bit A/D using a 0 to 10V input 
range to 4.88mV for a 12-bit A/D using a ± 10V input range. 
The hold mode droop rate should produce less than 1LSB of 
droop in the output during the conversion time of the A/D 
converter. For 610 jjlV/LSB, as noted in the example above, for 
a 50|xs 14-bit A/D converter, the maximum droop rate will be 
610 (xV/50|as or 12jxV/|xs during the 50jxs conversion period. 

Minimal thermal tail effects are another requirement of high 
resolution applications. The self-heating errors induced by the 
changing current levels in the output stages of T/H amps may 
cause more than 1LSB of error due to thermal tail effects. 

The linearity error should be less than 1LSB over the transfer 
function, as set by the resolution of the A/D converter. The 
T/H acquisition time, T/H settling time along, with the conversion 
time of the A/D converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle. 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in “under sampling” or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter placed in the signal path prior to the AD389 and 
A/D converter to eliminate aliasing. 

The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed- 
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more above + 70°C ( + 158°F). For commercial and industrial 
users, these shifts will only appear above the highest temperatures 
their equipment will ever expect to experience. Most precision 
instrumentation is installed only in human inhabitable work 
spaces or in controlled enclosures if the area has a hostile envi- 
ronment. Thus, the AD ADC71 or AD ADC72 used with a 
companion AD389T/H offers high accuracy sampling in high 
precision applications. 


Spec 

MBit 

I 

1 

Units 

Aperture Jitter (max) 

2.4 

0.4 

ns 

Slew Rate (max w/20V pk-pk signal) 

1.26 

30 

V/p.s 

Feedthrough ( 1 LSB max) 

-84.3 

-86 

dB 

Droop Rate(lLSB max in 15|xs) 

40.7 

0.1 

(xV/|iS 

Droop Rate ( 1 LSB max in 50|is) 

12.2 

0.1 

|i,V/ |JLS 

Acquisition Time (to ± 1LSB max) 

10 

3-5 

|1S 

for 20kHz Signal w/1 5p,s ADC 




Pedestal Shift (max) with Input Signal 

-84.3 

-86 

dB 

Gain Temperature Coefficient (max) 




for ± 10°C Ambient Operation 

6.1 

2.0 

ppm/°C 

Thermal Tail (max) within 50p,s after Hold 

1.2 

0.1 

mV 

Linearity Error (max) 

± 0.0061 j 

0.003 

%FSR 


Table V. T/H Amplifier Requirements vs. AD389 Specs 


AD389 in 

Maximum 

Maximum Nyquist 

Combination 

Throughput 

Input Frequency 

With an 

Rate 

Range 

ADADC71(13bit) 

22.2kHz 

dcto 11.1kHz 

AD ADC72(14bit) 

16.7kHz 

dc to 8.3kHz 


Table VI. T/H & ADC Combinations and Maximum 
Throughput Rate 


Using the AD ADC71/AD ADC72 at Slower Conversion 
Times 

The user may wish to run the AD ADC71/AD ADC72 at slower 
conversion times in order to synchronize the A/D with an external 
clock. This is accomplished by running a slower clock than the 
internal clock into the START CONVERT input. This clock 
must consist of narrow negative-going clock pulses, as seen in 
Figure 14. The pulse must be a minimum of 100ns wide but 
not greater than 700ns. Having a raising edge immediately after 
a falling edge inhibits the internal clock pulse. This enables the 
AD ADC71/AD ADC72 to function normally and complete a 
conversion after 16 clock pulses and serial out in 17 clock pulses. 
The STATUS command will function normally and switch high 
after the first clock pulse and will fall low after the 17th clock 
pulse. In this way an external clock can be used to control the 
AD ADC71/AD ADC72 at slower conversion times. 


START CONVERT 
(EXTERNAL CLOCK) 

CLOCK OUT 

~TJ U 

I 1 100ns MIN 

** 1500ns MAX 1 

_n_- -_n_ 

U LT" 

n n 


| to | t. 

i i t 1s 

i *i. i 

STATUS 

-J 


1 

SERIAL OUT 


J * * * ! 15 

"1 16 


NOTE 

’EXTERNAL CLK RATE CTRL (PIN 23) GROUNDED. 



Figure 14. Timing Diagram for Use with an External Clock 
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ANALOG 

DEVICES 


12-Bit Successive Approximation 
Integrated Circuit A/D Converter 


AD ADC80 


FEATURES 

True 12-Bit Operation: Max Nonlinearity ±0.012% 

Low Gain T.C.: ±30ppm/° C max 

Low Power: 800m W 

Fast Conversion Time: 25/jls 

Precision 6.3V Reference for External Application 

Short-Cycle Capability 

Serial or Parallel Data Outputs 

Monolithic DAC with Scaling Resistors for Stability 

Low Chip Count— High Reliability 

Industry Standard Pinout 

"Z" Models for ±12V Supplies 


AD ADC80 FUNCTIONAL BLOCK DIAGRAM 



BIT 7 
BIT 8 
BIT 9 
BIT 10 
BIT 11 
BIT 12 LSB 
SERIAL OUT 

-15V OR -12V 

REF OUT 
(6.3V) 

CLOCK OUT 

STATUS 

SHORT 

CYCLE 

CLOCK 

INHIBIT 

EXTERNAL 
CLOCK IN 

CONVERT 

START 

+15V OR +12V 


PRODUCT DESCRIPTION 

The AD ADC80 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer- 
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit mono- 
lithic DAC to provide modular performance and versatility with 
IC size, price and reliability. 

Important performance characteristics of the AD ADC80 in- 
clude a maximum linearity error at +25°C of ±0.012%, max 
gain T.C. of 30ppm/°C, typical power dissipation of 800mW 
and max conversion time of 25/is. Monotonic operation of the 
feedback D/A converter guarantees no missing codes over the 
temperature range of -25°C to +85°C. 

The design of the AD ADC80 includes scaling resistors that 
provide analog signal ranges of ±2.5, ±5.0, ±10, 0 to +5 or 0 
to +10 volts. The 6.3 V precision reference may be used for ex- 
ternal applications. All digital signals are fully DTL and TTL 
compatible; output data may be read in both serial and par- 
allel form. 

The AD ADC80 is available in two performance grades, the 
AD ADC80-12 (0.012% of FSR max) and the AD ADC80-10 
(0.048% of FSR max). Both grades are specified for use over 
the -25°C to +85°C temperature range and both are available 
in a 32-pin ceramic DIP. 


PRODUCT HIGHLIGHTS 

1. The AD ADC80 is a complete 12-bit A/D converter. No 
external components are required to perform a conversion. 

2. A monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 

3. The internal buried zener reference is laser trimmed to 6.3 
volts. The reference voltage is available externally and can 
supply up to 1.5mA beyond that required for the reference 
and bipolar offset current. 

4. The scaling resistors are included on the monolithic DAC 
for exceptional thermal tracking. 

5. The AD ADC80 directly replaces other devices of this type 
with significant increases in performance. 

6. The fast conversion rate of the AD ADC80 makes it an 
excellent choice for applications requiring high system 
throughput rates. 

7. The short cycle and external clock options are provided for 
applications requiring faster conversion speeds or lower 
resolutions. 
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SPECIFICATIONS 


(typical @ +25°C, ± 15V and +5V unless otherwise specified) 


MODEL AD ADC80-12 AD ADC80-10 


RESOLUTION 

12 Bits 10 Bits 

ANALOG INPUTS 


Voltage Ranges 


Bipolar 

±2.5V, ±5V, ±10V 

Unipolar 

0V to +5V, 0V to +10V 

Impedance (Direct Input) 


0V to +5V, ±2.5V 

2.5kQ * 

0V to +10V, ±5V 

5kQ 

±10V 

lOkQ 

DIGITAL INPUTS 1 


Convert Command 

Positive Pulse 100ns Wide (min) 


(“0” to “1” Initiates Conversion) 

Logic Loading 

1TTL Load 

External Clock 

1TTL Load 

TRANSFER CHARACTERISTICS ERROR 


Gain Error 2 

±0.1% of FSR 3 * 

Offset Error 2 


Unipolar 

±0.05% of FSR * 

Bipolar 

±0.1% of FSR * 

Linearity Error (max) 4 

±0.012% of FSR ±0.048% of FSR 

Inherent Quantization Error 

±1/2LSB * 

Differential Linearity Error 

±1/2LSB * 

No Missing Codes Temperature Range 

-25°C to +85°C 

Power Supply Sensitivity 


±15V 

±0.0030% of FSR/% V s * 

+5V 

±0.0015% of FSR/% V s * 

DRIFT 


Specification Temperature Range 

-25°C to +85°C 

Gain (max) 

±30ppm/°C 

Offset 


Unipolar 

±3ppm of FSR/°C 

Bipolar (max) 

±15ppm of FSR/°C * 

Linearity (max) 

±3ppm of FSR/°C 

Monotonicity 

GUARANTEED 

CONVERSION SPEED 5 

22jus typ, 25/xs max 21jus max 

DIGITAL OUTPUT 


(all codes complementary) 


Parallel 


Output Codes 6 


Unipolar 

CSB 

Bipolar 

COB, CTC 

Output Drive 

2TTL Loads 

Serial Data Codes (NRZ) 

CSB, COB 

Output Drive 

2TTL Loads 

Status 

Logic “1” During Conversion 

Status Output Drive 

2TTL Loads 

Internal Clock 


Clock Output Drive 

2TTL Loads 

Frequency 7 

575kHz 

INTERNAL REFERENCE VOLTAGE 

6.3V ±10mV 

Max. External Current (with no 


degradation of specifications) 

1.5mA 

Tempco of Drift 

±10ppm/°C typ, ±20ppm/°C max 

POWER REQUIREMENTS 


Rated Voltages 

±15V, +5V 

Range for Rated Accuracy 

4.75V to 5.25V and ±14.0V to ±16.0V 

Z Models 8 

4.75V to 5.25V and ±11.4V to ±16.0V 

Supply Drain +15 V 

+ 10mA 

-15V 

-20mA 

+5V 

+70mA 

TEMPERATURE RANGE 


Specification 

-25°C to +85°C 

Operating (Derated Specs) 

-55°C to +100°C 

Storage 

-55°C to +125°C 

PACKAGE OPTION 9 


DH-32D AD ADC80-12 AD ADC80-10 



BIT 7 
BIT 8 
BIT 9 
BIT 10 
BIT 11 
BIT 12 LSB 
SERIAL OUT 


-15V OR -12V 

REF OUT 
(6.3V) 

CLOCK OUT 


STATUS 


CLOCK 

INHIBIT 


EXTERNAL 
CLOCK IN 


START " ' 


+15V OR +12V 


Figure 1. AD ADC80 Functional Diagram and Pinout 


NOTES 

1 DTL/TTL compatible i.e., Logic “0” =0.8V max, Logic “1” = 2.0V min for digital inputs. 
Logic “0” = +0.4V max and “1” = 2.4V min digital outputs. 

* Adjustable to zero with external trimpots. 

3 FSR means Full Scale Range- for example, unit connected for +10V range has 20V FSR. 

4 Error shown is the same as ±1/2LSB max for resolution of A/D converter. 

3 Conversion time with internal clock. 

6 See Table 1 . CSB - Complementary Straight Binary 

COB — Complementary Offset Binary 
CTC — Complementary Two’s Complement 

7 For conversion speeds specified. 

8 For Z models order AD ADC80Z-12 or AD ADC80Z-10. 

9 See Section 14 for package outline information. 


♦Specifications same as AD ADC80-12. 
Specifications subject to change without notice. 
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Typical Performance Curves - AD ADC80 


Figure 2. Linearity Error vs. Conversion 
Time (Normalized) 



CONVERSION TIME ~/xs 


1LSB 


_jg 3/4LSB 
< cc 

in V 

(El- 1/2LSB 

a | 

3 1/4LSB 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 

CONVERSION TIME -jis 



Figure 3. Differential Linearity Error vs. 
Conversion Time (Normalized) 


Figure 4. Maximum Gain Drift Error — %of 
FSR vs. Temperature 



TEMPERATURE - °C 
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The analog continuum is partitioned into 2 12 discrete ranges 
for 12-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of ±1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the AD ADC80 have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at ±0.1% FSR for gain and ±0.05% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 7 and 9. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
fropi a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of A/D 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in staircase step width between codes from the 
ideal least significant bit step size (Figure 6). 

Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD ADC80 is specified as having no 
missing codes over the entire temperature range from -25°C 
to +85°C. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac- 
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 


RSS = V^G 2 + e Q 2 + 6 L 2 


OFFSET ADJUSTMENT 

The zero adjust circuit consists of a potentiometer connected 
across ±V§ with its slider connected through a 1.8M12 resistor 
to Comparator Input pin 11 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car- 
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppm/°C tempco contributes 
a worst-case offset tempco of 8X 244 X 10 -6 X 1200ppm/° C = 
2.3ppm/°C of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off- 
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con- 
tributes no more than lppm/°C of FSR offset tempco. 


10kft 

TO 

lOOkfi 


J 1.8MS2 






Figure 7. Offset Adjustment Circuit 


An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 
ppm/°C) are used, is shown in Figure 8. 


+15V 



Figure 8. Low Tempco Zero Adjustment Circuit 


In either zero adjust circuit, the fixed resistor connected to 
pin 11 should be located close to this pin to keep the pin 11 
connection runs short (Comparator Input pin 1 1 is quite 
sensitive to external noise pick-up). 


= Gain Drift Error (ppm/°C) 
eo = Offset Drift Error (ppm of FSR/°C) 
Cl = Linearity Error (ppm of FSR/°C) 



Figure 6. Transfer Characteristic for an Ideal Bipolar A/D 


GAIN ADJUSTMENT 

The gain adjust circuit consists of a potentiometer connected 
across ±V§ with its slider connected through a 10MS2 resistor 
to the gain adjust pin 16 as shown in Figure 9. 


10kft 

TO 

iookn 


L 10Mft 16 


f 0.01/iF^= 

O \7 



Figure 9. Gain Adjustment Circuit 


An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco <100ppm/°C) are 
used is shown in Figure 10. 


lOkft , 
TO < 
lOOkfi' 


Ls? 

270k 16 


\ I 1 

6 S 6.8ki2 V7 1 



Figure 10. Low Tempco Gain Adjustment Circuit 


3-542 ANALOG-TO-DIGITAL CONVERTERS 




Applying the AD ADC80 


THEORY OF OPERATION 

On receipt of a CONVERT START command, the AD ADC80 
converts the voltage at its analog input into an equivalent 12- 
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 

TIMING 

The timing diagram is shown in Figure 11. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 


B x is reset and B 2 . -B 12 are set unconditionally. At the Bit 1 
decision is made (keep) and Bit 2 is unconditionally reset. At 
t 2 , the Bit 2 decision is made (keep) and Bit 3 is reset uncon- 
ditionally. This sequence continues until the Bit 12 (LSB) de- 
cision (keep) is made at ti 2 - After a 40ns delay period, the 
STATUS flag is reset, indicating that the conversion is com- 
plete and that the parallel output data is valid. Resetting the 
STATUS flag restores the gated clock inhibit signal, forcing the 
clock output to the Logic “0” state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 11). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic “1” to “0” transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 


MAXIMUM THROUGHPUT TIME 


CONVERT 1 

START 


JL 


CONVERSION TIME (2) 


JL 



NOTES: 

1. THE CONVERT START PULSE WIDTH IS 100ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "RISING EDGE" OF THE 
CONVERT COMMAND. 

2. 25pts FOR 12 BITS AND 2*\ixs FOR 10 BITS (MAX). 

3. MSB DECISION 

4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 
*BIT DECISIONS 


Figure 1 1. Timing Diagram (Binary Code 011001110110) 
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DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen- 
tary binary for unipolar ranges and either complementary off- 
set binary or complementary two’s complement binary, de- 
pending on whether BIT 1 (pin 6) or its logical inverse BIT 1 
(pin 8) is used as the MSB. Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic “0”, 
permitting parallel data transfer to be clocked on the “1” to 
“0” transition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on these 
edges as shown in Figure 11. There are 13 negative-going clock 
edges in the complete 12-bit conversion cycle, as shown in Fig- 
ure 1 1 . The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. All 
serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion 
of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 21, permits the 
timing cycle shown in Figure 11 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring full 
12 -bit resolution. When 10-bit resolution is desired, pin 21 is 
connected to Bit 11 output pin 28. The conversion cycle then 
terminates, and the STATUS flag resets after the Bit 10 de- 
cision (tio +40ns in timing diagram of Figure 11). Short 
Cycle pin connections and associated maximum 12-, 10- and 
8-bit conversion times are summarized in Table I. When 12- 
bit resolution is required, pin 21 is connected to +5V (pin 9). 


Connect Short 
Cycle Pin 21 to 
Pin: 

Bits 

Resolution 
(% FSR) 

Maximum 
Conversion 
Time (ps) 

Status Flag 
Reset 

9 

12 

0.024 

25 

ti 2 +40ns 

28 

10 

0.100 

21 

tj 0 +40ns 

30 

8 

0.390 

17 

t 8 + 40ns 


Table I. Short Cycle Connections 


INPUT SCALING 

The AD ADC80 input should be scaled as close to the maxi- 
mum input signal range as possible in order to utilize the 
maximum signal resolution of the A/D converter. Connect the 
input signal as shown in Table II. See Figure 12 for circuit 
details. 



analog 

COMMON 


Figure 12. AD ADC80 Input Scaling Circuit 


Input 


Connect 

Connect 

Connect 

Input 

Signal 

Output 

Pin 12 

Pin 14 

Signal 

Range 

Code 

To Pin 

To 

To 

±10V 

COB or CTC 

11 

Input Signal 

14 

±5V 

COB or CTC 

11 

Open 

13 

±2.5V 

COB or CTC 

11 

Pin 11 

13 

0V to +5V 

CSB 

15 

Pin 11 

13 

0V to +10V 

CSB 

15 

Open 

13 


Table II. AD ADC80 Input Scaling Connections 


Binary (BIN) 
Output 


INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input 


Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

0V to +10V 

0V to +5V 

Code 


COB* 

COB* 

COB* 



Designation 


or CTC** 

or CTC** 

or CTC** 

CSB*** 

CSB*** 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

Significant 

2 n 

2 n 

2 n 

2 n 

2 n 

2 n 

Bit (LSB) 

CO 

ii 

G 

78.13mV 

39.06mV 

19.53mV 

3 9.06m V 

19.53mV 


n = 10 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n = 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 

Transition Values 







MSB LSB 







000 .. . 000**** 

+Full Scale 

+10V -3/2LSB 

+5V -3/2LSB 

+2.5V -3/2LSB 

+10V -3/2LSB 

+5V -3/2LSB 

011 . . . Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

111 .. . 110 

-Full Scale 

-10V +1/2LSB 

-5V +1/2LSB 

-2.5V +1/2LSB 

0 + 1/2LSB 

0 +1/2LSB 


NOTES: 

*COB = Complementary Offset Binary 

* *CTC = Complementary Tw o’s complem ent— obtained by using the complement 
of the most.significant bit (MSB). MSB is available .on pin 8. 

***CSB = Complementary Straight Binary. 

**** Voltages given are the nominal value for transition to the code specified. 


Table III. Input Voltages and Code Definitions 
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GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC80. Therefore, separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point and the two device grounds should be tied together. In 
this way supply currents and logic-gate return currents are not 
summed into the same return path as analog signals where 
they would cause measurement errors. 

Each of the AD ADC80’s supply terminals should be capaci- 
tively decoupled as close to the AD ADC80 as possible. A 
large value capacitor such as lpF in parallel with a O.lpF 
capacitor is usually sufficient. Analog supplies are bypassed 
to the Analog Power Return pin and the logic supply is by- 
passed to the Logic Power Return pin. 


A 


AD ADC80 1 

CONV 

COM 

BIT 11 


SHORT 

CYCLE 


CLOCK 

INHIBIT 


EXTERNAL 

CLOCK 



Figure 14. Internal Clock-Normal Operating Mode. 
Conversion Initiated by the Rising Edge of the Convert 
Command. The Internal Clock Runs Only During 
Conversion. 



Figure 15. Continuous Conversion with External Clock. 
Conversion is Initiated by 14th Clock Pulse. Clock Runs 
Continuously. 




Figure 16. Continuous External Clock. Conversion Initiated 
by Rising Edge of Convert Command. The Convert Command 
must be Synchronized with Clock. 


*IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 


Figure 13. Basic Grounding Practice 
CONTROL MODES 

The timing sequence of the AD ADC80 allows the device to 
be easily operated in a variety of systems with different con- 
trol modes. The most common control modes are illustrated in 
Figures 14-16. 
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CALIBRATION 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 17 and 18, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 

0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output =111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9. 9952V. 
Adjust Gain for 000000000001 digital output code ; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V ; digital output code should be 
011111111111 . 

-loV to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V: adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 0.0000V ; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 
+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10V ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in “A/D Conversion Notes”, D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 3. 



Figure 17. Analog and Power Connections for Unipolar 
0-1 0V Input Range 




Figure 18. Analog and Power Connections for Bipolar ±10V 
Input Range 


MULTICHANNEL CONVERSION 

In multichannel conversion systems, elements of the acquisi- 
tion chain may be shared by two or more input sources. This 
sharing may occur in a number of ways, depending on the 
desired properties of the multiplexed system. 

The data acquisition system shown in Figure 19 is a low cost 
solution to digitizing data from many analog channels. For 
most efficient use of time, the multiplexer is acquiring the next 
channel to be converted while the sample-hold is holding the 
previous output level for conversion. When conversion is com- 
plete, the status line from the converter causes the S/H to 
return to the sample mode and acquire the new data. After the 
acquisition time is completed, the sample hold can be switched 
to hold. A conversion can then begin and the multiplexer can 
be switched to the next channel. 



Figure 19. Data Acquisition System 
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ANALOG 

DEVICES 


Fast, Complete 
12-Bit A/D Converters 


AD ADC84/AD ADC85/AD5240 


FEATURES 

Performance 

Complete 12-Bit A/D Converter with Reference and Clock 
Fast Successive Approximation Conversion: 10/is or 5/zs 
Buried Zener Reference for Long Term Stability and Low 
Gain T.C.: 10ppm/°C 
Max Nonlinearity: <±0.012% 

Low Power: 880mW Typical 
Low Chip Count — High Reliability 
Industry Standard Pin Out 
“ Z " Models for ±12V Operation Available 
MIL-STD-883B Processing Available 

Versatility 

Negative-True Parallel or Serial Logic Outputs 
Short Cycle Capability 

Precision +6.3V Reference for External Applications 


PRODUCT DESCRIPTION 

The AD ADC84/AD ADC85/AD5240 series devices are high- 
speed, low-cost 10- and 12-bit successive approximation 
analog-to-digital converters that include internal clock, refer- 
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit 
monolithic DAC to provide modular performance and versa- 
tility with IC size, price and reliability. 

Important performance characteristics of the AD ADC84/ 

AD ADC85/AD5240 series include a maximum linearity error 
at +25°C of ±0.012%, gain T.C. below 15ppm/°C, typical 
power dissipation of 880mW, and conversion time of less than 
10/is for the 12-bit versions. Of considerable significance in 
severe and aerosgace applications is the guaranteed perfor- 
mance from -55 C to +125°C of the AD ADC85S which is 
also available with environmental screening. Monotonic 
operation of the feedback D/A converter guarantees no 
missing codes over temperature ranges of 0 to +70 C, -25 C 
to +85 C, and -55°C to +125°C. 

The design of the AD ADC84/AD ADC85/AD5240 includes 
scaling resistors that provide analog input signal ranges of 
±2.5, ±5, ±10, 0 to +5, or 0 to +10 volts. Adding flexibility 
and value are the +6.3V precision reference, which also can 
be used for external applications, and the input buffer ampli- 
fier. All digital signals are fully DTL and TTL compatible, 
and the data output is negative-true and available in either 
serial or parallel form. 

The AD ADC84/AD ADC85/AD5240 series devices are avail- 
able in two different performance grades. The devices are 
specified for either 10-bit accuracy (±0.048% FSR max) or 
12-bit accuracy (±0.012% FSR max) with 8.4jxs, 10/Lts 
(AD ADC84/AD ADC85) and 4.1 /is, 5/is (AD5240) max 
conversion times respectively. 


AD ADC84/AD ADC85/AD5240 
FUNCTIONAL BLOCK DIAGRAM 


BIT 12 
(LSB FOR 12 BITS) 

BIT 11 

BIT 10 
(LSB FOR 10 BITS) 

BIT 9 

BIT 8 

BIT 7 

BIT 6 

BIT 5 

BIT 4 

BIT 3 

BIT 2 

BIT 1 

BIT 1 

SHORT 

CYCLE 

DIGITAL 

GROUND 

+5V SUPPLY 



SERIAL OUT 
-15V SUPPLY 
BUFFER IN 
BUFFER OUT 
+15V SUPPLY 
GAIN ADJUST 

ANALOG 

GROUND 

20V 

SPAN INPUT 
10V 

SPAN INPUT 

BIPOLAR 

OFFSET 

COMPARATOR 

IN 

CONVERT 

COMMAND 

STATUS 

CLOCK OUT 

REF OUT 6.3V 

CLOCK RATE 
CONTROL 


The AD ADC84 and AD ADC85C specified for operation over 

the 0 to +70°C temperature range. The AD ADC85 and 

AD ADC85S are specified for the -25°C to +85°C, -55°C to 

+125°C ranges respectively. 

PRODUCT HIGHLIGHTS 

1. The AD ADC84/AD ADC85/AD5240 series devices are 
complete 12-bit A/D converters. No external components 
are required to perform a conversion. 

2. The AD ADC84/AD ADC85/AD5240 directly replaces 
other devices of this type with significant increases in 
performance. 

3. The fast conversion rates of the AD ADC84/AD ADC85 
(lOpis) and ADS 240 (5/xs) make them an excellent choice 
for applications requiring high system throughput rates. 

4. The internal buried zener reference is laser trimmed to 
6.3V ±0.1% and ±10ppm/°C typical T.C. The reference 
is available externally and can provide up to 1mA. 

5. The integrated package construction provides high quality 
and reliability with small size and weight. 

6. The monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 

7. The AD ADC85S/883B and AD524BD/883B come 
processed to MIL-STD-883, Class B requirements (see 
ADI Military Products Databook). 
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SPECIFICATIONS 


(typical @ + 25°C, ± 15V and + 5V unless otherwise noted) 


MODEL 

AD ADC84 

AD ADC85C 

AD ADC85 

AD ADC85S 

AD5249KD/ 

AD5240BD 

UNITS 

RESOLUTION 

10/12 

10/12 

10/12 

10/12 

12 

Bits 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 

±2.5, ±5, ±10 


* 



Volts 

Unipolar 

0 to +5, 0 to +10 

* 

* 


* 

Volts 

Impedance (Direct Input) 

OV to +5V, ±2.5V 

2.5(±20%) 

* 

* 


. 

kfi 

OV to+lOV, ±5V 

5(±20%) 

♦ 

* 


4 

k£2 

±10V 

10(±20%) 

* 



* 

kQ 

Buffer Amplifier 1 

Impedance (min) 

100 

* 



. 

Mft 

Bias Current 

50 

* 



* 

nA 

Settling Time 

To 0.01% for 20V Step 

2 

* 


♦ 

* 

/is 

DIGITAL INPUTS 2 

Convert Command 

Logic Loading 

Positive Pulse 100ns min Trailing 
Edge Initiates Conversion 

1 

♦ 

* 


* 

* 


TTL Load 

TRANSFER CHARACTERISTICS ERROR 
Gain Error 3 

±0.1(±0.25% max) 

* 

* 

* 

±0.2 

% 

Offset Error 3 

Adjustable to Zero 


* 

♦ 

* 


Unipolar 

±0.05(±0.2% max) 



* 

±0.1 

% of FSR 4 

Bipolar 5 

±0.1 (±0.2 5% max) 




±0.2 

% of FSR 

Linearity Error (max) 6 

±0.048/±0.012 


* 


±0.012 

% of FSR 

Inherent Quantization Error 

±0.5 


♦ 


* 

LSB 

Differential Linearity Error 

±0.5 


♦ 


* 

LSB 

No Missing Codes Temperature Range 

0 to +70 

0 to +70 

-25 to +85 

-55 to +125 

0 to +70/-25 to +85 

°C 

Power Supply Sensitivity 
±15V 

±0.004 

* 

* 

« 

* 

% of FSR/%V 

+5V 

±0.001 

• 

* 

* 

* 

% of FSR/%V 

DRIFT 

Specification Temperature Range 

0 to +70 

* 

-25 to +85 

-55 to +125 

0 to +70/-25 to +85 

°C 

Gain (max) 

±30 

±40/±25 

±20/±15 

±25 

±30/±25 

ppm/°C 

Offset 

Unipolar 

±3 

* 

* 

±5 max 

* 

ppm/°C 

Bipolar (max) 5 

±15 

±20/±12 

±10/±7 

±10 

±15/±7 

ppm/°C 

Linearity (max) 

±3 

« 

±3/±2 

* 

±2 

ppm/°C 

Monotonicity 

GUARANTEED 

* 

* 

* 

GUARANTEED 


CONVERSION SPEED (MAX) 

8.4/10 


* 

* 

5 

/is 

DIGITAL OUTPUT 

(all codes complementary) 

Parallel 

Output Codes 7 

Unipolar 

CSB 






Bipolar 

COB, CTC 

* 

* 

* 

* 


Output Drive 

2 

* 

* 

* 

* 

TTL Loads 

Serial Data Codes (NRZ) 

CSB, COB 

* 

♦ 

* 

* 


Output Drive 

2 

* 

* 

* 

• 

TTL Loads 

Status 

Logic “1" during Conversion 

* 

* 

* 

• 


Status Output Drive 

2 

* 

* 

* 

• 

TTL Loads 

Internal Clock 

Clock Output Drive 

2 

• 

* 

. 

. 

TTL Loads 

Frequency 

1.9/1.22 

* 

* 

* 

2.6 

MHz 

INTERNAL REFERENCE VOLTAGE 

6.3/±15mV max 

* 

* 

* 

* 

Volts 

Max. External Current (with no 
degradation of specifications) 

1.0 

* 

* 

* 

* 

mA 

Tempco of Drift, (max) 

±20/max 

±10 typ 

±5 typ 

±5 typ 

±10 

ppm/°C 

POWER REQUIREMENTS 

Rated Voltages 

+5, ±15 

V 

. 

• 

. 

Volts 

Range for Rated Accuracy 

4.75 to 5.25 and ±13.5 to ±16.5 

♦ 

4* 

* 

* 

Volts 

Z Models 8 

4.75 to 5.25 and ±11.4 to ±16.5 

♦ 

• 

* 

* 

Volts 

Supply Drain +15V 

25 max 

♦ 

* 

• 

15 max 

mA 

-15V 

35 max 

* 

* 

* 

35 max 

mA 

+5V 

140 max 

* 

♦ 

* 

100 max 

mA 

Total Power Dissipation 

1500 max 

♦ 

* 

* 

1100 max 

mW 

TEMPERATURE RANGE 

Specification 

0 to +70 

* 

-25 to +85 

-55 to +125 

0 to +70/-25 to +85 

°C 

Operating (Derated Specs) 

-25 to +85 

* 

-55 to +125 

-55 to +125 

-25 to +85 

°C 

Storage 

-55 to +125 

* 

* 

* 

-65 to +150 

°C 

PACKAGE OPTION 9 

DH-32D 

Ceramic 

Ceramic 

Ceramic 

Ceramic 

Ceramic 



NOTES 

1 Buffer Settling time adds to conversion speed when buffer is connected to input. 1 See Table 1. 

* DTL/TTL compatible Logic “0" = 0.8V max, Logic “1" * 2.0V min for 8 For ±12V operation add “Z” to model number. Input range limited to a 

digital output, Logic “0” = 0.4V max, Logic “1” = 2.4V min. maximum of ±5V. 

* Adjustable to zero. 9 See Section 14 for package outline information. 

4 FSR means Full Scale Range. 

’Guaranteed at V^ = 0 volts. ‘Specifications same as AD ADC84. 

6 Error shown is the same as ± 1/2LSB max error in % of FSR. Specifications subject to change without notice. 
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Typical Performance Curves - AD ADC84/AD ADC85/AD5240 



Figure la. Linearity Error vs. Conversion Speed 
(AD ADC84/AD ADC85) 



Figure 3a. Gain Drift Error (% FSR) vs. Temperature 
(AD ADC84/AD ADC85) 




Figure 1b. Linearity Error vs. Conversion Speed (AD5240) 



Figure 2a. Change in Differential Linearity vs. Conversion 
Speed (AD ADC84/AD ADC85) 



Figure 3b. Gain Drift Error (% FSR) vs. Temperature 
(AD5240) 



Figure 4a. Conversion Speed vs. Control Voltage 
(AD ADC84/AD ADC85) 



Figure 2b. Change in Differential Linearity vs. Conversion Figure 4b. Conversion Speed vs. Control Voltage 

Speed (AD5240) (AD5240) 
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OFFSET ADJUSTMENT 

The zero adjust circuit consists of a potentiometer connected 
across ±V$ with its slider connected through a 1.8M£2 resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
5 the tolerance of this fixed resistor is not critical, and a car- 
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1 200ppm/°C tempco contributes 
a worst-case offset tempco of 8X 244 X 10' 6 X 1200ppm/° C = 
2.3ppm/°C of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off- 
set adjustment required is typically no more than ±4LSB, use 
of a carbon composition offset summing resistor typically con- 
tributes no more than lppm/°C of FSR offset tempco. 


GAIN ADJUSTMENT 

The gain adjust circuit consists of a potentiometer connected 
across ±Vs with its slider connected through a 10Mf2 resistor 
to the gain adjust pin 27 as shown in Figure 7. 


lOkft , 
TO 

iookn 



O.OImF 


AD ADC84/ 
AD ADC85/ 
AD5240 


Figure 7. Gain Adjustment Circuit 


+15 v 


iOkn 

TO 

lOOkft 


AD ADC84/ 
AD ADC85/ 
AD5240 


-15V 


Figure 5. Offset Adjustment Circuit 

An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 
ppm/°C) are used, is shown in Figure 5. 


An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco < 100ppm/°C) 
are used is shown in Figure 8. 


+15V 



OFFSET 

ADJ 


10kn 

TO 

lOOkft 


l 180kft M.F. 180k£2 M.F. JL 
VA ♦ WV — (22) 

6 £22kS2M.F. L 

15V f 


AD ADC84/ 
AD ADC85/ 
AD5240 


Figure 8. Low Tempco Gain Adjustment Circuit 


Figure 6. Low Tempco Zero Adjustment Circuit 


In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 
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Applying the AD ADC84/AD ADC85/AD5240 


THEORY OF OPERATION 

On receipt of a CONVERT START command, the AD ADC84/ 
AD ADC85/AD5240 converts the voltage as its analog input 
into an equivalent 12-bit binary number. This conversion is 
accomplished as follows: the 12-bit successive-approximation 
register (SAR) has its 12-bit outputs connected both to the 
device bit output pins and to the corresponding bit inputs of 
the feedback DAC. The analog input is successively compared 
to the feedback DAC output, one bit at a time (MSB first, 

LSB last). The decision to keep or reject each bit is then 
made at the completion of each bit comparison period, 
depending on the state of the comparator at that time. 

TIMING 

The timing diagram is shown in Figure 9. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time to, Bj is reset and B 2 - 


B 12 are set unconditionally. At ti the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At t 2 , the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 

This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at tj 2 - After a 40ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re- 
stores the gated clock inhibit signal, forcing the clock output 
to the Logic “0” state. 

Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking into a 
receiving shift register on these edges (see Figure 9). 

Incorporation of this 40ns delay guarantees that the parallel 
(and serial) data are valid at the Logic “1” to “0” transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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NOTES 

1. THE CONVERT START PULSE WIDTH IS 100ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 10|xs FOR 12 BITS AND 8 . 4 *jis FOR 10 BITS (AD ADC84/AD ADC85) OR 5^s FOR 12 BITS 
AND 4.1 ns FOR 1 0 BITS (AD5240). 

3. MSB DECISION. 

4. LSB DECISION 20ns PRIOR TO THE STATUS GOING LOW. 

*BIT DECISIONS. 


Figure 9. Timing Diagram (Binary Code 011001110110 ) 
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DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen- 
tary binary for unipolar ranges and either complementary off- 
set binary or complementary two’s complement binary, de- 
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic “0”, 
permitting parallel data transfer to be clocked on the “1” to 
“0” transition of the STATUS flag. 

Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 9. There are 1 3 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 9. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative- 
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 

Short Cycle Input: A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 9 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications net requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16). When 10-bit resolution is desired, 
pin 14 is connected to Bit 1 1 output pin 2. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (tio +40ns in timing diagram of Figure 9). 
Short Cycle pin connections and associated maximum 12-, 

10- and 8-bit conversion times are summarized in Table I. 


AD ADC84/ 
AD ADC85 


Connect Short 
Cycle Pin 14 To 
Pin: 

Connect Clock 
Rate Control 
Pin 17 To 

Bits 

Resolution 
(% FSR) 

(AD5240) 
Conversion 
Time (fjs) 

Status Flag 
Reset 

16 

15 

12 

0.024 

10(5) 

1 12 +40ns 

2 

16 

10 

0.100 

8.5 (4.1) 

tio +40ns 

4 

28 

8 

0.390 

6.8 (3.3) 

t 8 + 40ns 


Table I. Short Cycle Connections 

INPUT SCALING 

The AD ADC84/AD ADC85/AD5240 inputs should be scaled 
as close to the maximum input signal range as possible in 
order to utilize the maximum signal resolution of the A/D 
converter. Connect the input signal as shown in Table II. See 
Figure 10 for circuit detail. 



ANALOG /C N 
COMMON Klx 



Figure 

W. Input 

1 Scaling Circuit 






For Direct 

For Buffered 





Input 

Input Pin 30 

Input 


Connect 

Connect 

Connect 

Connect 

Signal 

Output 

Pin 23 

Pin 25 

Input 

Pin 29 

Range 

Code 

To Pin 

To 

Signal To 

To Pin 

±10V 

COB or CTC 

22 

Input Signal 

25 

25 

±5V 

COB or CTC 

22 

Open 

24 

24 

±2.5V 

COB or CTC 

22 

Pin 22 

24 

24 

0V to +5V 

CSB 

26 

Pin 22 

24 

24 

0V to +10V 

CSB 

26 

Open 

24 

24 


Table II. Input Scaling Connections 


INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 


Voltage Range 


±10V 

±5V 

±2.5V 

0V to +10V 

0V to +5V 

Code 


COB* 

COB* 

COB* 



Designation 


or CTC** 

or CTC** 

or CTC** 

CSB*** 

CSB*** 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

Significant 

2 n 

2 n 

2 n 

2 n 

2 n 

2 n 

Bit (LSB) 

n = 8 

78.13mV 

39.06mV 

19.53mV 

39.06mV 

19.53mV 


o 

ii 

c 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n = 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 

Transition Values 







MSB LSB 







000 .. . 000**** 

+Fuil Scale 

+ 10V -3/2LSB 

+5V -3/2LSB 

+2.5V -3/2LSB 

+ 10V -3/2LSB 

+5V -3/2LSB 

011 . . . Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

111 ... 110 

-Full Scale 

-10V +1/2LSB 

-5V +1/2LSB 

-2.5V +1/2LSB 

0+ 1/2LSB 

0 +1/2LSB 


NOTES: 

*COB = Complementary Offset Binary 

**CTC = Complementary Tw o’s complem ent-obtained by using the complement 
of the most significant bit (MSB). MSB is available to pin 1 3. 

***CSB = Complementary Straight Binary. 

• ♦•♦Voltages given are the nominal value for transition to the code specified. 


Table III. Input Voltages and Code Definition 
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AD ADC84/AD ADC85/AD5240 


CALIBRATION 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 11 and 12, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 



Figure 1 1. Analog and Power Connections for Unipolar 
0 to + 10V Input Range with Buffer Follower 



Figure 12. Analog and Power Connections for Bipolar 
- 10V to -h 10V Input Range with Buffer Follower 


0 to +10V Range: Set analog input to +1LSB = +0. 0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.995 2V. 
Adjust Gain for 000000000001 digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111 . 

-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 0.0000V ; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 


+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to + 10V ranges, 
respectively. 

Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately ±1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. 

GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC84/AD ADC85/AD5240. 
Separate ground returns should be provided to minimize the 
current flow in the path from sensitive points to the system 
ground point. In this way supply currents and logic-gate 
return currents are not summed into the same return path 
as analog signals where they would cause measurement errors. 

Each of the AD ADC84/AD ADC85/AD5 240’s supply term- 
inals should be capacitively decoupled as close to the device 
as possible. A large value capacitor such as lpF in parallel 
with a 0.1/iF capacitor is usually sufficient. Analog supplies 
are bypassed to the Analog Power Return pin and the logic 
supply is bypassed to the Logic Power Return pin. 


CLOCK RATE CONTROL ALTERNATE CONNECTIONS 


If adjustment of the CLOCK RATE is desired for faster con- 
version speeds, the CLOCK RATE CONTROL may be con- 
nected to an external multi-turn trim potentiomer with a 
TCR of ±100ppm/°C or less as shown in Figures 13 and 14. 
If the potentiometer is connected to -15V, conversion time 
can be increased as shown in Figure 9. If these adjustments 
are used, delete the connections shown in Table I for pin 17. 
See Figures la or lb for nonlinearity error vs. conversion 
speed and Figures 4a or 4b for the effect of the control 
voltage on clock speed. 

+5V 


CLOCK 

RATE 

CONTROL 


®— 



CLOCK 

FREQUENCY 

ADJUST 


(12-BIT RESOLUTION) 

Figure 13. 12-Bit Clock Rate Control Optional Fine Adjust 


CLOCK 

RATE 

CONTROL 


© 


+ 15V 



CLOCK 

FREQUENCY 

ADJUST 


(8- OR 10-BIT RESOLUTION) 


Figure 14. 8-Bit Clock Rate Control Optional Fine Adjust 
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MICROPROCESSOR INTERFACING 
The fast conversion times of the AD ADC84/AD ADC85 and 
AD5240 suggest several different methods of interface to 
microprocessors. In systems where the ADC is used for high 
sampling rates on a single signal which is to be digitally pro- 
cessed, CPU-controlled conversion may be inefficient due to 
the slow cycle times of most microprocessors. It is generally 
preferable to perform conversions independently, inserting 
the resultant digital data directly into memory. This can be 
done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hard- 
ware is facilitated by the guaranteed data validity on the fall- 
ing edge of the EOC signal. 

Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible formats-, right- 
justified and left-justified. In a right-justified system, the 
least-significant 8 bits occupy one byte and the four MSB’s 
Teside in the low nybble of another byte. This format is use- 
ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup- 
plies the eight most-significant bits in one byte and the 
4LSB’s in the high nybble of another byte. The data now re- 
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza- 
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. 

Figure 15 shows a typical connection of an 8085-type bus, 
using a left-justified data format for unipolar inputs. Status 
polling is optional, and can be read simultaneously with the 
4LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD ADC84/AD ADC85/AD5240 should be reversed, 


+5V +15V -15V 



Figure 15. AD ADC84/AD ADC85/AD5240 - 8085A Interface 
Connections 


as well as the connections to the data bus high and low byte 
address signals. 

When dealing with bipolar inputs (±5V, ±10V ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two’s complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 


ORDERING GUIDE 




Temperature 

Gain 

Conversion 

Model 1 

Linearity 

Range 

T. C. — ppm/°C 

Time 

AD ADC84-10 

±0.048% 

0 to +70° C 

±30 

10 /is 

AD ADC84-12 

±0.012% 

0 to +70° C 

±30 

lOpts 

AD ADC85C-10 

±0.048% 

0 to +70° C 

±40 

10/is 

AD ADC85C-12 

±0.012% 

0 to +70° C 

±25 

10/is 

AD ADC85-10 

±0.048% 

-25°C to +85°C 

±20 

10jus 

AD ADC85-12 

±0.012% 

-25°C to +85°C 

±15 

10/is 

AD ADC85S-10 

±0.048% 

-55°C to +125°C 

±25 

10/is 

AD ADC85S-12 

±0.012% 

~55°C to +125°C 

±25 

10/is 

AD5240KD 

±0.012% 

0 to +70°C 

±30 

5jus 

AD5240BD 

±0.012% 

-25°C to +85°C 

±25 

5 /is 

AD ADC85S-12/883B 

±0.012% 

-55°C to +125°C 

±25 

10/is 

AD5 240BD/883 B 

±0.012% 

-25°C to +85°C 

±25 

5/is 

1 For complete model number suffixes must be added ‘Model Number 

Typical Part Numbers 

for “Z” option (±12V operation), linearity. The **“Z” 

Version Designator 

AD ADC84-12 

following guide shows the proper suffix order. ** ’Linearity 

AD ADC (*)(**)-(”*) 

AD ADC85SZ-12 
AD5240ZKD 
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□ ANALOG 
DEVICES 


14-Bit High Speed, 
Analog-to- Digital Converters 


ADC1130/ADC1131 


FEATURES ADC1130/ADC1131 FUNCTIONAL BLOCK DIAGRAM 

14-Bit Resolution and Accuracy 
Fast 12/is Conversion Time (ADC1131J/K) 

Low 10ppm/°C Maximum Gain TC 
User Choice of Input Range 
No Missing Codes 


APPLICATIONS 

Wide Band Data Digitizing 

Multichannel Computer Interface 

High Accuracy Data Acquisition 

X-Ray Tomography 

Nuclear Accelerator Instrumentation 


GENERAL DESCRIPTION 

The ADC1130 and ADC1131 are high speed analog-to-digital 
converters packaged in a small 2” x 4 ' x 0.4” (5 1 x 102 x 10mm) 
module, which perform complete 14-bit conversions in 25jus 
and 12/xs respectively. Using the successive approximations 
technique, they convert analog input voltages into natural 
binary, offset binary, or two’s complement coded outputs. 

Data outputs are provided in both parallel and non-return-to- 
zero serial form. 

Four analog input ranges are available: 0 to +20 V, 0 to +10V, 
±10V, ±5V. The user selects the desired range by making ap- 
propriate connections to the module terminals. The ADC 11 30 
and ADC1 131 can also be connected so as to perform conver- 
sions of less than 14 bit resolution with a proportionate de- 
crease in conversion time. 

TIMING 

As shown in Figure 1 , the leading edge of the convert command 
set the MSB output to Logic “0” and the CLOCK OUT, 

STATUS, MSB, and BIT 2 through BIT 12 outputs to Logic 
“1”. Nothing further happens until the convert command re- 
turns to Logic “0”, at which time the clock starts to run and 
the conversion proceeds. 

With the MSB in the Logic “0” state, the internal digital-to- 
analog converter’s output is compared with the analog input. 

If the D/A output is less than the analog input, the first “0” to 
“1” clock transition resets the MSB to Logic “1”. If the D/A 
output is greater than the analog input, the MSB remains at 
Logic “0”. 

The first “0” to “1” clock transition also sets the BIT 2 output 
to Logic “0” and another comparison is made. This process con- 
tinues through each successive bit until the BIT 14 (LSB) com- 
parison is completed. At this point the STATUS and CLOCK 
OUT return to Logic “0” and the conversion cycle ends. 

The serial data output is of the non-return-to-zero (NRZ) format 
The data is available, MSB first, 20ns after each of the four- 
teen “0” to “1” clock transitions. 



jum 



u 


BIT 2 

_n_r ■ 

MSB BIT 3 


BIT 13 

• | LSB 


Figure 1. Timing Diagram 
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SPECIFICATIONS 


+ 25°D unless otherwise noted) 



RESOLUTION, BITS 


CONVERSION TIME (max) 


ACCURACY 

Integral Nonlinearity Error (LSB) 
Differential Nonlinearity 
Error (LSB) 

Missing Codes 


HIGH SPEED 12jus 
ADC1131 


±1/2 (max) 

±1/2 (1 max) 

No missing codes 



TEMPERATURE COEFFICIENTS 
Gain ppm/°C 
Unipolar Offset 
Bipolar Offset 

Input voltage ranges 

INPUT IMPEDANCE (10V RANGE) 
CONVERT COMMAND 


±12 (max) 

±0.7 (±3 max) 

±3 (±7 max) 

±5V, ±10V, +10V, +20V 


Positive Pulse, 200ns min, 
400ns max Leading Edge 
Resets, Trailing Edge Starts, 


±7 (+10 max) 


PARALLEL DATA OUTPUT 
Unipolar 
Bipolar 

SERIAL DATA OUTPUT 
Unipolar 
Bipolar 

STATUS OUTPUT 


LOGIC FANOUTS AND LOADINGS 
Convert Command Input 
Clock Input 
Short Cycle Input 
Parallel Data Outputs 
Serial Data Output 
STATUS Output 
STATUS Output 
Clock Output 
POWER REQUIREMENTS 


POWER SUPPLY SENSITIVITY 
To ±15 V Tracking Supplies 
Gain 
Zero 

To ±15V Non-Tracking Supplies 
Gain 
Zero 

TEMPERATURE RANGE 
Operating 
Storage 


Positive True Binary 
Positive True Offset Binary, 
Two’s Complement 

Positive True Binary 
Positive True Offset Binary 
“1” During Conversion. 
Complement also available 
TTL/DTL Compatible. 

1TTL Unit Load 
3TTL Unit Loads 
1TTL Unit Load 
3TTL Unit Loads/Bit 
8TTL Unit Loads 
2TTL Unit Loads 
12TTL Unit Loads 
4TTL Unit Loads 

+ 15V ±5% @ 40mA 
-15V ±5% @ 60mA 
+5V ±5% ® 250mA 


±4.5ppm/%AV s 
±4.5ppm/%A V s 

±10ppm/%AV s 
±7ppm/%A V s 

0 to +70° C 
-55°C to +85°C 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




BOTTOM VIEW -HI— GRID 0.1" (2.5) 

NOTE: 

Terminal pins installed only in shaded hole 
locations. 

Module weight: 3.5 ounces (99.3 grams). 
All pins are gold plated half-hard brass 
(M I L—G— 45204) , 0.019" ±0.001" (0.48 
±0.03mm) dia. 


•Same Specifications as ADC1131J. 

NOTES: 

1 Offset (zero) and gain errors are adjustable to zero by means of external 
potentiometers. See Figure 5 for proper connection. 

’Recommended power supply: Analog Devices model 923. 

Specifications subject to change without notice. 
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Applying the ADC1 1 30/ADC1 1 31 


ANALOG INPUT CHARACTERISTICS 

The input circuit of the ADC1130 and ADC1131 are shown 

in block diagram form. 



ANALOG INPUT | 

DIGITAL OUTPUT 

0 to +10V 
Range 

0 to +20V 
Range 

Binary Code 

+9. 9994V 

+ 19. 9988V 

11111111111111 

+ 5.0000V 

+ 10. 0000 V 

10000000000000 

+ 1. 2500V 

+2. 5000V 

00100000000000 

+0. 0006V 

+0.001 2V 

00000000000001 

+0.0000V 

+0.0000V 

00000000000000 


±5V 

Range 

±10V 

Range 

Offset Binary 

Code 

Two’s Complement 
Code 

+4.9994V 

+9. 9988V 

11111111111111 

01111111111111 

+2. 5000V 

+ 5.0000V 

1 1000000000000 

01000000000000 

+0. 0006V 

+0.001 2 V 

10000000000001 

00000000000001 

+0.0000V 

+0.0000V 

10000000000000 

00000000000000 

-5.0000V 

- 10. 0000 V 

00000000000000 

10000000000000 


Figure 2. Input Circuit Block Diagram 

When the converters are connected as a unipolar device, Pin 19 
is left open circuit and, thus, no offset current is applied to the 
comparator input. The 0 to +10V input signal applied to Pin 6 
(or the 0 to +20V input signal applied to Pin 5) develops a 0 to 
+4mA current which is compared to the 0 to -4mA output of 
the D/A converter. A voltage between +15V and -15 V can be 
applied to Pin 20 from the wiper of a 100kS2 potentiometer 
to adjust the zero point by ±40LSB. To reduce the range of 
this trim padding resistors should be used. 

With the offset output, Pin 22, connected to Pin 19, a +2mA 
offset current is applied to the comparator input. The 
ADC1130 and ADC1131 will then accept bipolar inputs of 
±5V at Pin 6, or ±10V at Pin 5 and compare the 0 to +4mA 
sum of the offset and input signal currents to the 0 to -4mA 
D/A converter output. The offset adjustment potentiometer 
is once again used as described in the preceding paragraph. 

Signal ground sense, Pin 23, should normally be jumpered to 
analog ground, Pin 3. In the event that an offset voltage is 
developed in the ground wiring, it may be possible to elimi- 
nate its effect by connecting Pin 23 directly to the signal or 
analog ground of the device feeding the analog input signal 
to the ADC. In any case, Pin 23 must not be left open. 

If a high input impedance is required, it can be achieved by 
using a high speed operational amplifier as an input buffer. 

PARALLEL DATA OUTPUT 

These converters produce natural Binary Coded outputs when 
configured as a unipolar device. As a bipolar device, they can 
produce either Offset Binary or Two’s Complement output 
codes. The most significant bit is represented by Pin 72 
(MS B ou tput) for Binary and Offset Binary codes, or by Pin 
70 (MSB output) for the Two’s Complement code. Tables I 
and II illustrate the relationship between analog input and 
digital output for all three codes. 


Table II. Nominal Bipolar Input-Output Relationships 
SERIAL DATA OUTPUT 

The serial data output, available on Pin 32, is of the non-return- 
to-zero format. The data is transmitted MSB first and is Binary 
coded for unipolar units and Offset Binary coded for bipolar units. 

Figure 3, shown below, indicates one method for transmitting 
data serially using only three wires (plus a digital ground). The 
data is clocked into a receiving shift register using the delayed 
clock output of the converter. 


12-BIT SHIFT 
REGISTER 




r 1 ' 


tc 


O 32 SERIAL OUT 
■O 33 STATUS 


35 CLOCK IN 

36 CLOCK OUT 


MSB LSB STATUS 

Figure 3. Serial Data Transmission 
The timing diagram presented in Figure 4 shows that the con- 
verter’s clock output must be delayed by an amount of time 
greater than or equal to the sum of the receiving shift register 
setup time plus the 20ns clock output to serial output delay. 
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Figure 4. Serial Data Timing Diagram 
The 50ns span between the time that the last serial output bit 
is available and the time that the STATUS output returns to 
zero insures that the data in the shift register will be valid on 
the “1” to “0” transition of the STATUS signal. 

GAIN AND OFFSET ADJUSTMENTS 

The potentiometers used for making gain and offset adjust- 
ments are connected as shown in Figure 5. Note that a jumper 
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OFFSET 
ADJUST 
lOOktt 


L 30kfi 

15V 

15V r 

h-i 


JUMPER CONNECTED 
FOR BIPOLAR 
OPERATION ONLY 
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ADJUSTMENT RANGES 
GAIN: ±48LSB 
OFFSET: ±40LSB 


Table /. Nomina! Unipolar Input-Output Relationships 


Figure 5. Adjustment Connections 
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is connected between Pin 19 and Pin 22 for bipolar operation; 
these pins must be left open for unipolar operation. 

Proper gain and offset calibration requires great care and the 
use of extremely sensitive and accurate reference instruments. 
The voltage standard used as a signal source must be very stable. 
It should be capable of being set to within ljuV of the de- 
sired value at both ends of its range. 

The gain and offset calibrations will be independent of each 
other if the offset adjustment is made first. These adjustments 
are not made with zero and full scale input signals and it may 
be helpful to understand why. An A/D converter will produce 
a given digital output for a small range of input signals, the 
nominal width of the range being one LSB. If the input test 
signal is set to a value which should cause the output of the 
converter to be on the verge of switching from one digital value 
to the adjacent digital value, the unit can be calibrated so that 
it does change values at just that point. With a high speed con- 
vert command rate and a visual display, these adjustments can 
be performed in a very accurate and sensitive way. Analog 
Devices’ Analog-Digital Conversion Notes gives more detailed 
information on testing and calibrating A/D and D/A converters. 
OFFSET CALIBRATION 

For the 0 to +10V unipolar range set the input voltage precise- 
ly to +0.0003V; for 0 to +20V units set it to +0.0006V. Ad- 
just the zero potentiometer until the converter is just on the 
verge of switching from 00 .... 0 to 00 ... . 1. 

For the ±5V bipolar range set the input voltage precisely to 
-4.9997V; for ±10V units set it to -9.9994V. Adjust the 
zero potentiometer until offset binary coded units are just 
on the verge of switching from 00 .... 0 to 00 .... 1 
and two’s complement coded units are just on the verge of 
switching from 100 ... 0 to 100 ... 1. 

GAIN CALIBRATION 

Set the input voltage precisely to +19. 9982V for 0 to +20V 
units, +9.9991V for 0 to +10V units, +4. 9991V for ±5V 
units, or +9. 9982V for ±10V units. Note that these values 
are lHLSB’s less than nominal full scale. Adjust the gain 
potentiometer until binary and offset binary coded units are 
just on the verge of switching from 11. ..0 to 11... 1 
and two’s complement coded units are just on the verge of 
switching from Oil ... 10 to Oil ... 11. 

POWER SUPPLY AND GROUNDING CONNECTIONS 

These converters do not have an internal connection between 
analog power ground and digital ground and, thus, a connec- 
tion must be provided in the external circuitry. The choice of 


an optimum “star” point for these grounds is an important 
consideration in the performance of the system. No strict rules 
can be given, only the general guidelines that the grounding 
should be arranged in such a manner as to avoid ground loops 
and to minimize the coupling of voltage drops (on the high 
current carrying logic supply ground) to the sensitive analog 
circuit sections. One suggested approach is shown in Figure 6. 



Figure 6. Power Supply and Grounding Connections 


The ±15V and +5V power supplies must be externally bypassed 
with 15juF (+3 5 V tantalum) capacitors. These capacitors should 
be connected between Pin 27 and Pin 3, between Pin 25 and 
Pin 3, and between Pin 29 and Pin 30. Capacitor connections 
should be made as close to the module pins as possible. 
CLOCK CONNECTIONS 

When the converters are used with their own internal clock, 
Pin 36 is simply jumpered to Pin 35. When the internal clock 
is not used, Pin 36 is grounded and an external clock capable 
of driving three TTL loads is connected to Pin 35. The convert 
command should be synchronized with the external clock. 
REPETITIVE CONVERSIONS 

When making repetitive conversions, a new convert command 
may be initiated any t ime after the “1” to “0” transition of the 
STATUS output. The STATUS output may not, however, be 
connected directly to the CONVERT COMMAND input for the 
purpose of automatically generating convert command pulses. 
SHORT CYCLE CONNECTIONS 

When the converters are operated as a 14-bit device, Pin 37 
is left open. If, however, it is to perform conversions of less 
than 14 bits, Pin 37 is connected to the N+l bit output 
(where N is the number of bits in the conversion). The con- 
version time in this mode of operation is T c x N/14 where 
Tc is the conversion time of the particular model when oper- 
ated at 14-bit resolution. 
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ANALOG 

DEVICES 


Low Cost, 1 6-Bit 
Analog-to-Digital Converter 


ADC1140 


FEATURES 

Guaranteed Nonlinearity: ±0.003% FSR max 
35/xs Maximum Conversion Time 
Small Size 2" X 2" X 0.4" 

Wide Power Supply Operation: ±12V to ±17V 

APPLICATIONS 
Process Control Data Acquisition 
Seismic Data Acquisition 
Nuclear Instrumentation 
Medical Instrumentation 
Pulse Code Modulation Telemetry 
Industrial Scales 
Robotics 


GENERAL DESCRIPTION 

The ADC1140 is a low cost 16-bit successive-approximation 
analog-to-digital converter having a 3 5jUs maximum conversion 
time. This converter provides high accuracy, hi^h stability and 
low power consumption all in a 2” X l" X 0.4' module. 

High accuracy performance such as integral and differential 
nonlinearity of ±0.003% FSR max are both guaranteed. Guar- 
anteed stability such as differential nonlinearity TC of ±2ppm/ 
°C maximum, offset TC of ±30juV/°C maximum, gain TC of 
±12ppm/ C maximum and power supply sensitivity of 
±0.002% of FSR/% V§ are also provided by the ADC1140. 

The ADC1140 makes extensive use of both integrated circuit 
and thin-film components to obtain excellent performance, 
small size and low cost. The internal 16-bit DAC incorporates 
Analog Devices’ proprietary thin-film resistor technology and 
proprietary CMOS current-steering switches. A low noise ref- 
erence, low power comparator and low power successive-ap- 
proximation register are also used to optimize the ADC 1140’s 
design (shown in Figure 1). 


ADC1140 FUNCTIONAL BLOCK DIAGRAM 



+10V 
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LSB 
BIT 15 
BIT 14 
BIT 13 
BIT 12 
BIT 11 
BIT 10 
BIT 9 
BIT 8 
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BIT 3 
BIT 2 
MSB 


MSB 


STATUS 


The ADC1 140 can operate with power supplies ranging from 
±12V to ±17V and has provisions for a user supplied ex- 
ternal reference. Four analog input voltage ranges are selectable 
via pin programming: ±5V, ±10V, 0 to +5V and 0 to + 10V. 
Bipolar coding is provided in the offset binary and two’s com- 
plement formats with unipolar coding displayed in true binary. 
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SPECIFICATIONS 


(typical @ + 25°C ±V S = ± 15V, V cc = + 5V, V REF = + 1 0.0V unless otherwise specified) 


Model 

ADC1140 

RESOLUTION 

16 Bits 

CONVERSION TIME 

35jus max 

ACCURACY 1 


Nonlinearity Error 

±0.003% FSR 2 max 

Differential Nonlinearity Error 

±0.003% FSR 2 max 

STABILITY 


Differential Nonlinearity 

±2ppm/°C max 

Gain (with internal reference) 

±12ppm/°C max 

(without internal reference) 

±4ppm/°C max 

Unipolar Offset 

±30juV/°C max 

Bipolar Offset 

±7ppm/°C max 

POWER SUPPLY SENSITIVITY 

±0.002% FSR/% V s 

ANALOG INPUT 


Voltage Ranges 


Bipolar 

±5V, ±10V 

Unipolar 

0 to +5 V, 0 to +10V 

Input Resistance 


0 to +5V 

2.5k£2 

Oto +10V, ±5V 

5.0k£2 

±10V 

lO.Okft 

External Reference Input 3 


Voltage Range 

Oto +12V 

Input Resistance 

2.5k£2 

DIGITAL INPUT 


Convert Command 

Positive Pulse, 100ns Width min 

Negative Edge Triggered 

Logic Loading 

1TTL Load 

DIGITAL OUTPUT 


Parallel Output Data 


Unipolar 

Binary (BIN) 

Bipolar 

Offset Binary (OBIN) Two’s Complement 

Output Drive 

1TTL Load 

Status 

Logic “1” During Conversion 

Output Drive 

1TTL Load 

INTERNAL REFERENCE VOLTAGE 

+10V, ±0.3% 

External Load Current 


(Rated Performance) 

2mA max 

Temperature Stability 

±8.5ppm/°C max 

POWER REQUIREMENTS 4 


Voltage (Rated Performance) 

±15V ±3%, +5V ±3% 

Voltage (Operating) 

±12V to ±17V, +4. 75V to +5.25V 

Supply Current Drain ± 1 5 V 

±25mA 

+5V 

150mA 

TEMPERATURE RANGE 


Specified 

0 to +70° C 

Operating 

-25°C to +85°C 

Storage 

-55°C to +85°C 

SIZE 

2" X 2" X 0.4" (51 X 51 X 10.4mm) 

Weight 

1.2 oz (33g) 


OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 


- 2.01 (51.1) MAX- 


0.41 

(10.4) 

MAX 


"CL 


0.019 (0.48) DIA 
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MATING CONNECTORS 
AC1577 (2 REQUIRED) 

PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+5V 

32 

+15V 

2 

DIGITAL GROUND 

31 

-15V 

3 

MSB 

30 

ANALOG GROUND 

4 

MSB 

29 

ANALOG IN 1 

5 

BIT 2 

28 

ANALOG IN 2 

6 

BIT 3 

27 

ANALOG IN 3 

7 

BIT 4 

26 

+10V REF OUT 

8 

BIT 5 

25 

REFERENCE IN 

9 

BIT 6 

24 

OFFSET ADJUST 

10 

BIT 7 

23 

NOT USED 

11 

BIT 8 

22 

STATUS 

12 

BIT 9 

21 

CONVERT COMMAND 

13 

BIT 10 

20 

NOT USED 

14 

BIT 11 

19 

LSB 

15 

BIT 12 

18 

BIT 15 

16 

BIT 13 i 

17 

BIT 14 


NOTES 


OTHER HIGH RESOLUTION PROD- 
UCTS FROM ANALOG DEVICES: 

• 14-Bit/ 15 -Bit Sampling A/D Con- 
verters; DAS1 152/5 3 

- 25kHz (14-Bit)/20kHz (15-Bit) 
throughput rates 

— Second Source to A/D/A/M824 
and A/D/A/M825 Modules 

• 14-Bit/15-Bit Low Level Data 

Acquisition Systems: DAS1155/56 

- 25kHz (14-Bit)/20kHz (15-Bit) 
throughput rates 

— High Performance PGIA (1V/V— 
1000V/V), SHA and A/D 
Converter 

• 14-Bit Sample-Hold Amplifier: 

SHA1144 

— Acquisition Time: 8jus max to 
±0.003% (20V step) 


1 Offset and gain error are adjustable to zero by means of external 
potentiometers. See Figure 3 for proper connection. 

3 FSR means Full Scale Range. 

3 Rated performance is specified with +10.0V reference. 

4 Recommended Power Supply: Analog Devices Model 923. 
Specifications subject to change without notice. 
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Applying the ADC1 140 


OPERATION 

For operation, the only connections to the ADC1 140 that are 
necessary are the power supplies, internal or external reference, 
input voltage pin programming, convert command and digital 
output. Refer to Table I for input pin programming and 
Figure 3 for offset and gain calibration. 


ANALOG 
GROUND 

ANALOG 
IN #1 

ANALOG 
IN #2 
ANALOG 
IN #3 

■ +10V 

J REF OUT 

• REF IN 

OFFSET 
ADJ 

Figure 2. Analog Input Block Diagram 
ANALOG INPUT PROGRAMMING 

The analog input section consists of three analog input termi- 
nals. Analog input range selection is accomplished by pin pro- 
gramming as shown in Table I. 

In the unipolar mode, a 0 to +10V or a 0 to +5V input signal 
develops a 0 to +2mA current that is compared to the 0 to 
-2mA (shown in Figure 2) current output of the DAC. 

In the bipolar mode, a +lmA offset current from the reference 
is applied to the comparator input via pin programming con- 
nections. The ADC 1140 can then accept either ±5V or ±10V 
inputs. These inputs again will be converted to current and 
compared with the DAC’s 0 to -2mA current output. 


Input Signal 
Range 

Coding 

Connect Input 
Signal To 

Pin(s) 

Connect 
Pin 26 To 
Pin* 

Connect 
Pin 30 To 
Pin(s) 

±10V 

OB1N, Two’s Comp 

28 

27 

29, 2 

±5V 

OBIN, Two’s Comp 

29 

27 

28, 2 

0 to +5V 

BIN 

27, 28, 29 

Open 

2 

0 to +10V 

BIN 

27, 28 

Open 

29, 2 


•If Internal Reference is used, Pins 25 and 26 must be connected together through 
a 50f2 potentiometer or 24.90 fixed resistor (see Figure 3 and the gain calibration 
section) . 

Table I. Analog Input Voltage Pin Programming 

OPTION OFFSET & GAIN CALIBRATION 
Initial offset and gain errors can be adjusted to zero by poten- 
tiometers as shown in Figure 3. Proper offset and gain calibra- 
tion requires great care and the use of an accurate and stable 
voltage reference. The voltage standard used as a signal 
source must be very stable. It should be capable of being set 
to within ljuV of the desired value at both ends of its range. 
The potentiometers selected should be of the good quality 
Cermet type. Multi-turn potentiometers having ten to fifteen 
turns and 100ppm/°C temperature coefficients will be 
adequate. The temperature coefficients contributed by these 
Cermet potentiometers will be less than 0.1ppm/°C. 

By adjusting the offset first, gain and offset adjustments will 
remain independent of each other. 




-15 V 


Figure 3. Offset and Gain Calibration 
OFFSET CALIBRATION 

For 0 to +10V range, set the input voltage precisely to +76juV; 
for 0 to +5V range, set it at +38juV. Adjust the zero potentio- 
meter until the binary coded converter is just on the verge 
of switching from 000 ... 00 to 000 ... 01. 

For ±5V range, set the input voltage precisely to -4.999924V; 
for ±10V range, set it at -9.999847V. Adjust the zero poten- 
tiometer until the offset binary coded units are just on the 
verge of switching from 000 ... 00 to 000 ... 01 and the 
two’s comp, coded units are just on the verge of switching 
from 100 ... 0 to 100 ... 1. 



GAIN CALIBRATION 

Set the input voltage precisely at +9.99977V for 0 to +10V 
input range, +4. 99977V for ±5V input range, +9. 99954V for 
±10V input range, or +4. 99988V for 0 to +5V input range, 
adjust the gain potentiometer until binary and offset binary 
coded units are just on the verge of switching from 111 ... 0 
to 11 1 ... 1 and two’s comp, coded units are just on the verge 
of switching from Oil ... 10 to 011 ... 11. Note that these 
values are 11/2 LSBs less than nominal full scale. 


POWER SUPPLY AND GROUNDING CONNECTIONS 
The analog power ground (pin 30) and digital ground (pin 2) 
are not connected internally. The connection must be made 
externally. The choice of an optimum “star” point is an 
important consideration in avoiding ground loops and to 
minimize coupling between the analog and digital sections. 
One suggested approach is shown in Figure 4. 

Because the ADC 1140 contains high quality tantalum capaci- 
tors on each of the power supply inputs to ground, external 
bypass capacitors are not required. 



Figure 4. Power Supply and Grounding Techniques 


ADC1140 TIMING 

Conversion is initiated with the negative going edge of the 
Convert Command pulse as shown in Figure 5. The Convert 
Command pulse width must be a minimum of 100ns. Once the 
conversion process is initiated, it cannot be retriggered until 
after the end of conversion. 

With the negative edge of the Convert Command pulse, all 
internal logic is reset. The MSB is set low with the remaining 
digitial outputs set to logic high state, and the status line is 
set high and remains high thru the full conversion cycle. 
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During conversion each bit, starting with the MSB, is sequen- 
tially switched low at the rising edge of the internal clock. The 
DAC output is then compared to the analog input and the bit 
decision is made. Each comparison lasts one clock cycle with 
the complete 16-bit conversion taking 35jus maximum. At this 
time, the STATUS line goes low signifying that the low con- 
version is complete. 

H h— 100ns (min) 

CONVERT 

COMMAND 

INTERNAL 
CLOCK 

STATUS 






negative edge of the convert command pulse. At this time the 
STATUS pulse goes low causing the SHA1144 to go from the 
sample mode to the hold mode. When the conversion is com- 
plete, 35//S later, the STATUS pulse goes low, thus placing 
the SHA1144 in the sample mode. 


ANALOG 

INPUT 


CONVERT 



Figure 6. High Resolution Data Acquisition System 


EXTERNAL REFERENCE 

The ADC1 140 is capable of operating with an external +10.0V 
reference. Simply disconnect the gain trim potentiometer from 
pin 26 and connect it to the external reference as shown in 
Figure 7. The external reference output must appear as a low 
impedance and must remain very stable during conversion 
to insure that accuracy is maintained. Gain error is adjusted 
as previously discussed in the gain calibration section. 



ANALOG INPUT/OUTPUT RELATIONSHIPS 
The ADC1140 produces a true binary coded output when 
configured as a unipolar device. Configured as a bipolar device, 
it can produce either offset binary or two’s complement out- 
put codes. The most significant bit (MSB) is displayed on pin 
4 for the binary and offset binary codes or on pin 3 for the 
two’s complement code. Table II shows the unipolar analog 
input/digital output relationships. Table III shows the bipolar 
analog input/digital output relationships for offset binary 
code and two’s complement codes. 

Analog Input Digital Output 

0 to +5V Oto+lOV 

Range Range Binary Code 

+4. 999924V +9.99985 V 1111 1111 1111 1111 

+2. 50000V +5. 00000 V 1000 0000 0000 0000 

+ 1. 25000V +2. 50000V 0100 0000 0000 0000 

+0. 62500V +1. 25000V 0010 0000 0000 0000 

+0. 000076V +0.000153 V 0000 0000 0000 0001 

+0.00000 V +0. 00000 V 0000 0000 0000 0000 

Table II. Unipolar Input/Output Relationships 

Analog Input Digital Output 

±5V Range ±10V Range Offset Binary Code 2’s Complement Code 
+4. 99985V +9. 99970V 1111111111111111 0111111111111111 

+2. 50000V + 5.00000V 1100 0000 0000 0000 0100 0000 0000 0000 

+0. 000153 V +0. 000305V 1000 0000 0000 0001 0000 0000 0000 0001 

+0.00000V +0.00000V 1000 0000 0000 0000 0000 0000 0000 0000 

-5.00000V -10.00000V 0000 0000 0000 0000 1000 0000 0000 0000 

Table III. Bipolar Input/Output Relationships 

HIGH RESOLUTION DATA ACQUISITION SYSTEM 
Shown in Figure 6 is a high resolution data acquisition system. 
Here the SHA1144, a high resolution sample-hold amplifier, 
is used to drive the ADC1140. Conversion is initiated by the 


Figure 7. External Reference 

The ADC1 140 is factory tested and calibrated with the in- 
ternal + 10.0V reference voltage but nonstandard external 
voltages can be used with the digital output coding being 
determined by the formula shown in Figure 7. 

PIA INTERFACE 

The ADC1140 can be used with a PIA to interface directly to 
a microprocessor. As shown in Figure 8 the 16-bit output of 
the ADC1140 is split into two 8-bit bytes. Part A of the PIA 
is programmed to read the eight most-significant-bits while 
Part B reads the eight least-significant-bits. Output CB2 is used 
to start the ADC1 140 conversion process. CB1, of the PIA, is 
used to sense the STATUS of the ADC1140 so that the end of 
conversions can be determined. The control bus, address bus, 
and data bus are then connected directly to the microprocessor. 

With the use of PIAs, control of one or more ADC 1140s can 
be accomplished in many different configurations. 



Figure 8 . ADC1 140 Interface to PIA 
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ANALOG 

DEVICES 


10-Bit Video 
Analog-to-Digital Converter 


CAV-1040 


FEATURES 

10-Bit Resolution 

40MHz Word Rate 

Single 35-In 2 PC Board 

ECL Compatible 

No External Circuits Required 

APPLICATIONS 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
Transient Analysis 


CAV-1040 FUNCTIONAL BLOCK DIAGRAM 
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BlT9 
BIT 10 
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GENERAL DESCRIPTION 

The Analog Devices Model CAV-1040 A/D converter is a “system 
solution” which combines 10-bit resolution, 40MHz word rates, 
and small size to solve high-speed digitizing problems. Its design 
is based on proven concepts introduced in the MOD- 1020 and 
MOD- 1205 A/D Converters and takes advantage of recent advances 
in technology to achieve a new level of performance in high-resolu- 
tion converters. 

It is pin-for-pin compatible with the industry’s first 10-bit, 
20MHz A/D, the MOD- 1020. But it doubles the word rate of its 
predecessor, making it possible for system designers to upgrade 
their systems without new layouts. 

This remarkable converter is a complete answer to the question 
of digitizing radar, video, and/or other high-frequency inputs; it 


includes a track-and-hold, along with encoding and timing circuits. 
The CAV-1040 is an ideal choice for the designer who needs 
state-of-the-art performance in high-resolution, ultra-high-speed 
A/D conversion. 

For applications requiring maximum analog bandwidth, the 
CAV-1040 A is the choice. In this version, the input operational 
amplifier and its associated offset and gain controls have been 
eliminated; this effectively doubles the analog input bandwidth. 

All inputs and outputs are ECL compatible. Analog input im- 
pedance is 250 ohms on IV range; 500 ohms on 2V range. The 
A/D requires only an encode command and external power 
supplies for operation. The CAV-1040 is repairable and backed 
by Analog Devices’ limited one-year warranty. 


ANALOG-TO-DIGITAL CONVERTERS 3-563 














SPECIFICATIONS (typical at +25°C with nominal power supplies unless otheiwise noted) 


Model 

Units 

CAV-1040 

CAV-1040A 

RESOLUTION (FS = Full Scale) 

Bits 

10 

* 


%FS 

0.1 

* 

LSB WEIGHT 

lVp-pFS 

mV 

1 

N/A 

2 V p-p FS 

mV 

2 

* 

ACCURACY 

(Including Linearity) @ dc 

Monotonicity 

%FS ± 1/2LSB 

0.05 

Guaranteed 

* 

Nonlinearity Vs. Temperature 

ppm/°C 

10 

* 

Offset vs. Temperature 

ppm/°C(max) 

200(300) 

* 

Gain vs. Temperature 

ppm/°C(max) 

50(100) 

* 

DYNAMIC CHARACTERISTICS 

In-Band Harmonics 1 

500kHz input 

dB below FS, min 

65 

* 

2.3MHz input 

dB below FS, min 

55 

* 

9.3MHz input 

dB below FS, min 

48 

* 

Conversion Time 2 

ns 

100 + 1 clock period 

* 

Conversion Rate 

MHz, max 

40 

* 

Aperture Uncertainty (Jitter) 

ps, rms max 

20 

* 

Effective Aperture Delay Time 3 

ns 

-2 

8 

( ± 2ns tolerance unit-to-unit) 

Signal to Noise Ratio (SNR) 4 

dB,min 

56 

* 

Noise Power Ratio (NPR) 5 

dB(min) 

50(47) 

* 

Transient Response 6 

ns 

50 

* 

Overvoltage Recovery 7 

ns 

50 

* 

Input Bandwidth 

Small Signal, 3dB 8 

MHz 

30 

60 

Large Signal, 3dB 9 

Two-Tone Linearity (@Input Frequencies) 1 ' 

MHz 

20 

40 

(360kHz; 390kHz) 

dB below FS, min 

67 

* 

Differential Phase 11 


0.5 

* 

Differential Gain 11 

7o 

1 

* 

ANALOG INPUT 

Voltage Range 

Input Pins 9 & 10 Connected 

V,p-pFS 

1 

N/A 

Input Pin 9 or 10 

V,p-pFS 

2 

N/A 


V,max 

±4 

* 

Input Pin 9 

V,p-p FS 

N/A 

2 ±2% 

Input Type 


Either Unipolar or Bipolar 

Bipolar only 

Impedance 

IV Input Range 

Ohms 

250 

N/A 

2V Input Range 

Ohms 

500 

* 

Offset 

mV 

Adjustable to Zero with 
On-Card Potentiometer 

±4 

(Not adjustable) 

vs. Temperature 

ppm/°C (max) 

200(300) 

* 

ENCODE COMMAND INPUT 12 

Logic Levels, ECL-Compatible 

V 

“0” = -1.7 

* 

(Balanced Input) 

V 

“1”= -0.9 

* 

Impedance (Line-to-Line) 

Ohms, max 

100 

* 

Rise and Fall Times 

ns, max 

5 

* 

Width 

Min 

ns 

10 

* 

Max 


70% of Encode Command period * 

Frequency 13 

MHz 

dcto40 

* 

DIGITAL OUTPUT 

Format 

Bits 

lOParallel; NRZ 

* 

Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

* 

(Balanced Output) 

V 

“1" = -0.9 

* 

Drive (Line-to-Line) 

Ohms, min 

75 

* 

Time Skew 

ns, max 

5 

* 

Coding 


Binary (BIN); 

2’s Complement (2SC) 

Compl. Binary (CBIN) 
Compl. 2’s Compl. (C2SC) 

DATA READY OUTPUT 

Logic Levels, ECL-Compatible 

V 

“0” = -1.7 

* 

(Balanced Output) 

V 

“1” = -0.9 

* 

Drive (Line-to-Line) 

Ohms, min 

75 

* 

Rise and Fall Times 

ns, max 

5 

* 

Duration 

ns (max) 

10(±2) 

* 

POWER REQUIREMENTS 14 

+ 15V ±5% 

mA, max 

375 

* 

-15V ±5% 

mA, max 

200 

* 

+ 5V ±5% 

mA, max 

25 

* 

-5.2V ±5% 

A, max 

2.5 

* 

Power Consumption 

W (max) 

20(22) 

* 

TEMPERATURE RANGE 

Operating 

°C 

Oto +70 

* 

Storage 

°c 

-55 to +85 

* 

Cooling Air Requirements 

LFPM 

(Linear Feet Per Minute) 

500 


CONSTRUCTION 

Single Printed Circuit Card 

Inches 

7.0 x 5.0 x 0.5 

* 

MEAN TIME BETWEEN FAILURES 15 

Hours 


3.22 xlO 4 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


COMPONENT Al 


' (7.89 10.511 

=J_J_ 


0.2 (5.08) — 
TO PIN 
CENTERLINE 



PIN DESIGNATIONS 


For applications assistance, call Computer Labs Division at (919) 668-95 1 1 . 


PIN 

FUNCTION 

PIN 

FUNCTION 


GROUND 

19 

BTTff 

2 

ENCODE COMMAND 

20 

BIT 7 

3 

ENCODE COMMAND 

21 

SIT 7 

4 

GROUND 

22 

SITS' 

5 

-5.2V 

23 

BIT 6 

6 

+15V 

24 

SITS 

7 

-15 V 

25 

BIT 5 

8 

GROUND 

26 

imr 

9 

ANALOG INPUT #1 

27 

BIT 4 

10 

ANALOG INPUT #2 

28 

BIT 3 

11 

+5V 

29 

BTTT 

12 

GROUND 

30 

BIT 2 

13 

GROUND 

31 

HTT ™ 

14 | 

BIT 10 

32 

BITT 

J5_ 

Bimr 

33 

BIT 1 

16 

BIT 9 

34 

DATA READY 

17 

BITS' 

35 

GROUND 

18 

BIT 8 

36 

DATA READY 


ALL GROUND PINS ARE CONNECTED TOGETHER WITHIN THE AOC. 


NOTES 

'In-Band Harmonics expressed in terms of spurious in-band 
signals and related harmonics generated at 40MHz encode rate. 
2 Measured from leading edge Encode Command to trailing edge 
Data Ready; use trailing edge to strobe output data into external 
circuits (see Text). 

3 See text for Effective Aperture Delay Time description. 

4 Rms signal to rms noise ratio with 500kHz analog input. 
s Dc to 8.2MHz white noise bandwidth with slot frequency of 
3.886MHz, and encode rate of 40MHz. 

6 For full-scale step input, 10-bit accuracy attained in specified 
time. 

7 Recovers to 10-bit accuracy in specified time after 2 x FS input 
overvoltage. 

“With analog input 40dB below FS. 

’With FS analog input. (Large-signal bandwidth flat within 0.2dB, 
dc to 8MHz on CAV-1040; dc to 20MHz on CAV-1040A.) 
l0 Each input frequency applied at level 7dB below full scale. 
"Differential phase and differential gain measured with 20-IRE 
unit reference. 

"Transition from digital “0” to digital “1” initiates encoding. 

"For operation at word rates below 500kHz, consult factory. 

14 ± 15V must be equal and opposite within 200m V and track over 
temperature. 

"Calculated using MIL HNBK-217; +25°C Ambient; Ground 
Fixed; 500 LFPM Air Flow. 

^Specifications same as CAV-1040. 

Specifications subject to change without notice. 
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Theory of Operation - CAV-1040 


THEORY OF OPERATION 

Refer to the block diagram of the CAV-1040. 

The OFFSET and GAIN controls shown on this diagram are 
exclusive to the model CAV-1040; they are not included in the 
model CAV-1040 A. In the latter unit, the input operational 
amplifier is replaced by a buffer amplifier. As shown in the 
SPECIFICATIONS table, this difference in the front-end design 
causes the CAV-1040A to have only one input range (2V p-p); 
and materially increases the bandwidth of the converter. 

Analog input signals to be digitized are applied through the 
input amplifier to a track-and-hold (T/H) amplifier which is 
normally operating as a buffer amplifier in the “track” mode, 
following all changes in analog input as they occur. The user of 
the CAV-1040 determines the point at which the analog signal is 
to be digitized by applying an Encode Command. 

The leading edge of the encode command causes the track-and-hold 
to switch momentarily to the “hold” mode of operation, “freezing” 
the analog input signal long enough to begin the digitizing 
process. 

In the CAV-1040, Effective Aperture Delay Time is defined as 
the interval between the leading edge of the encode command 
and that instant when the input signal is equal to the sampled 
value. 

Basically, effective aperture delay time is a measure of the dif- 
ference between the analog and digital delay (t d -ta) and can 
assume a zero, positive, or negative value depending on the 
comparative lengths of the two delays. In the CAV-1040, the 
analog delay (tg) is greater than the switching delay (tj), and 
causes the unit to hold an input voltage which occurred before 
the encode command because the track-and-hold sees a delayed 
version of the input signal. 

Effective aperture delay time is different between the CAV-1040 
and the CAV-1040 A because the input amplifier of the CAV-1040 
adds approximately 10 nanoseconds of analog delay to the signal 
path. 

The “held” value of analog signal at the output of the T/H is 
applied to a 5-bit encoder. It is also applied through a buffer 
amplifier to an analog delay circuit, whose time delay is equal to 


the interval required for the first step of the digitizing/recon- 
struction process. 

After being digitized to 5-bit accuracy, the held value from the 
T/H is applied through registers to a 5-bit D/A converter which 
has 12-bit accuracy. Via a second set of registers, the same 
digital signal is directed to the digital correction logic circuits. 
The data stored in these latter registers will eventually represent 
Bits 1-5 of the 10-bit digital output of the CAV-1040. 

The inverted, reconstructed output of the D/A converter becomes 
one input to an operational amplifier, whose other input is the 
delayed analog signal from the delay line. At the output of the 
wideband, fast-settling op amp, the resulting signal represents 
the residue which remains after a 5-bit digital representation of 
the analog input has been subtracted from that input. 

This residue, or error, signal is encoded by a second converter 
and is applied as 6-bit digital information to the digital correction 
logic circuits which contain Bits 1-5. 

The correction circuits combine the 5-bit and 6-bit bytes of data 
to compensate for possible nonlinearities and other errors to 
assure the final 10-bit output of the CAV-1040 is 10-bit 
accurate. 

Expressed in its simplest terms, the digital correction logic 
circuits use the information in the 6-bit signal to determine 
what modifications of Bits 1-5 may be necessary. The value of 
the MSB in the 6-bit byte establishes whether the 5-bit data are 
passed “as is” or whether they are increased by a value of binary 
“1”. The remaining bits (2-6) of the 6-bit byte become Bits 6-10 
of the CAV-1040 digital output. 

Digitally corrected subranging (DCS), the innovative technique 
described here, helps compensate for a wide range of potential 
errors which could otherwise be avoided only if the CAV-1040 
design included expensive, high precision components. 

The use of 1 1 bits to obtain an accurate 10 bits of output cannot 
prevent gain error, track/hold droop error, linearity error, offset 
error, or any of the other inherent characteristics of “real world” 
A/D converters. But DCS can, and does, help nullify their 
effects and makes it economically feasible to accomplish high- 
speed, high-resolution digitizing of analog signals. 


ENCODE 

COMMAND 


DATA 

READY 



DIGITAL 

OUTPUT 


DATA 
READY #1 



DATA DATA 

READY #2 READY #3 


I ONE ENCODE I 

, P PERIOD " | 

H r- 1 


x 


DATA VALID 
(ENCODE CMND.#1) 


X DATA VALID 

(ENCODE CMND. #2) 


DATA 

CHANGING 


Figure 1. CAV-1040 Timing Diagram 
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CAV-1040 TIMING 

Refer to Figure 1, the CAV-1040 Timing Diagram. 

The intervals which are shown represent a continuous update 
rate of approximately 15.5 MHz, which is considerably below 
the maximum capabilities of the CAV-1040. But that frequency 
helps to illustrate the “pipeline delay” characteristic of the 
converter. 

At this word rate, spacing between encode commands is approx- 
imately 65 nanoseconds; and three encode commands have oc- 
curred before the data associated with the first command are 
valid. In Figure 1, this pipeline delay has a total time of approx- 
imately 155 nanoseconds (90ns + 65ns). This interval will be 
different at other word rates, but will always include 90ns; 
depending upon the update rate, either more or fewer encode 
commands may occur before the first data are available. 

After the initial delay, valid data will be available at the word 
rate dictated by encode commands. Note that the spacing between 
Encode Command #1 and Encode Command #2 is equal to one 
encode period. This is the same spacing as between Data Ready 
#1 and Data Ready #2, and is also the spacing between the 
first and second groups of valid data. 

System timing can be adjusted as necessary to take into account 
the pipeline delay effects and assure that the data of interest are 
strobed out of the converter at the appropriate time. 

Figure 1 also illustrates why the trailing edge of the Data Ready 
pulse is recommended as the strobe for output data. Typically, 
data begin changing with the leading (rising) edge of each Data 
Ready pulse; they will be fully settled at the time of the trailing 
(falling) edge and available for use in external circuits. 

Another possibility for strobing the output data is to use the 
DATA READY pulse. Its trailing edge occurs at the same time 
as the trailing edge of the DATA READY signal, but is a rising 
edge, which may facilitate its use as a strobe. 

ANALOG INPUT RANGE OPTIONS 

Refer to Figure 2. 

The input circuits which are shown apply only to the Model 
CAV-1040. The Model CAV-1040A does not include OFFSET 
and GAIN controls; nor is there a resistor connected to Pin 10 
in that unit. 

For a IV range on the CAV-1040, connect the analog input to 
Pin 9, and connect Pins 9 and 10 together. The unterminated 
input impedance is 250 ohms. For a 2V range, connect the 
analog input to Pin 9, and leave Pin 10 disconnected. Unterminated 
impedance under these conditions is 500 ohms. 

To obtain the desired input impedance for either a IV range or 
a 2V range on the CAV-1040, connect the appropriate external 
terminating resistor between the analog input pin(s) and ground, 
as shown in Figure 2. Input impedances greater than 100 ohms 
will result in loss of input bandwidth and should be avoided. 



IV p-p INPUT OPTION 2V p-p INPUT OPTION 

Figure 2. CA V-1 040 Analog Input Range Options 


The differences in the input circuit of the CAV-1040A preclude 
an ability to adjust gain and offset on that unit; in addition, 
there is no IV input range available. The 2V input range of the 
CAV-1040A, however, can be terminated in the same way as the 
2V range of the CAV-1040. 

OFFSET AND GAIN ADJUSTMENTS 

The offset and gain of the CAV-1040A are set at the factory and 
are not adjustable by the user. 

Refer to Figure 3, the CAV-1040 Adjustment Controls. 



Figure 3. Offset and Gain Controls 

When adjusting offset and gain of the CAV-1040 in the system, 
the OFFSET control should be adjusted first. It has sufficient 
range to allow the user to operate the CAV-1040 A/D in either 
the unipolar or bipolar mode. The adjustment sequence is: 

1 . Apply to the analog input a precise ( ± 0.25mV) dc level 
corresponding to midscale of the desired input range. 

2. Adust OFFSET control while observing MSB (Bit 1); adjust 
for MSB “toggling” between digital “0” and digital “1”. 

3. Apply a precise (±0.25mV) dc level corresponding to the 
most negative excursion of the desired input range. 

4. Adjust GAIN control while observing LSB (Bit 10); adjust 
for output of Bits 1-9 solid “0” with LSB “toggling”. 

5. Apply a precise (±0.25mV) dc level corresponding to the 
most positive excursion of the desired input range. 

6. Check digital output to assure Bits 1-9 are solid “1” with 
LSB “toggling”. 

7. Adjust OFFSET and GAIN controls alternately as necessary 
to obtain analog input range tolerance of ± 1/2LSB. 

ORDERING INFORMATION 

For standard CAV-1040 units, order model number CAV-1040-400 
or CAV-1040A-400. Standard units are set up at the factory to 
operate for optimum performance at word rates from 
35-40MHz. 

Converters intended to operate generally at word rates below 
35MHz have different model numbers. Order by model number 
C A V - 1 040-XXX or CAV-1040A-XXX; in this designation, 

XXX is specified by the customer to indicate the desired optimized 
word rate. The decimal place is assumed (but not shown) between 
the second and third places. CAV- 1040-300, for example, indicates 
final calibration and optimum performance at 30MHz. But the 
unit will operate over a range of word rates from 500kHz 
to 40MHz. 

Optimum performance will be achieved within a band of fre- 
quencies approximately ± 12% around the selected word rate. If 
later applications require word rates beyond the limits of the 
original optimum frequency, the unit can be returned to the 
factory for calibration; there is a nominal charge for this service. 

Mating sockets for the CAV-1040 converters are model number 
MSB-2 (thru hole) or MSB-3 (closed end). These are individual 
solder-type pin sockets for mounting in PC boards; one is required 
for each of the 36 pins of the converter. 
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ANALOG 

DEVICES 


12-Bit 5MHz Eurocard 
Analog-to-Digital Converter 


CAV-1205 


FEATURES 
12-Bit Resolution 
5MHz Word Rate 
Single Eurocard Size 
TTL Compatible 
Completely Self-Contained 

APPLICATIONS 
Transient Analysis 
Radar Digitizing 
Medical Instrumentation 


CAV-1205 FUNCTIONAL BLOCK DIAGRAM 



-5.2V +15V -15V +5V -5.2V +15V -15V +5V 


GENERAL DESCRIPTION 

The Analog Devices model CAV-1205 A/D converter combines 
12-bit resolution, 5MHz conversion speed and self-contained 
A/D capabilities in a single-width Eurocard size board. These 
characteristics make the CAV-1205 a natural choice for a variety 
of high-speed, high-resolution conversion requirements. 

Since the complete A/D function is provided on a single card, 
the unit eases system integration and avoids a need for the user 
to “match” the characteristics of a track-and-hold to an encoder. 
Each CAV-1205 is complete with T/H, encoder section, output 
registers, and all necessary timing circuits to generate 12-bit 
digital representations of high-frequency analog signals at word 
rates through 5MHz. 


The encode command which initiates the conversion process 
and the digital outputs of the converter are TTL compatible. 

All that is needed for converting wideband analog input signals 
is an encode command and standard power supplies. The analog 
input is applied via a coaxial SMA connector at the edge of the 
board to provide isolation from digital switiching noise which 
may be present; gain and offset of the unit are adjustable with 
on-board potentiometers. 

Like its pin-compatible predecessor, the 2MHz CAV-1202, the 
CAV-1205 A/D converter is based on the Level 2 requirements 
for printed circuit board subunits; and meets the standards 
established by DIN 41494, IEC 48D (sec) 12. 
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(typical @ + 25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

CAV-1205 

RESOLUTION (FS = Full Scale) 

Bits 

12 

LSB WEIGHT 



2.048V FS 

mV 

0.5 

4.096V 

mV 

1.0 

ACCURACY @dc 



Linearity 



Integral 

LSB 

±1/2 

Differential 

LSB (max) 

— 1/2 (± 1) 

Monotonicity 


Guaranteed 

Diff, Nonlinearity vs. Temperature 

ppm/°C (max) 

5(10) 

Offset vs. Temperature 

ppm/°C(max) 

50(150) 

Gain vs . T emperature 

ppm/°C (max) 

75(150) 

DYNAMIC CHARACTERISTICS 



In-Band Harmonics 1 



dc to 500kHz Input 

dB Below FS (min) 

78(70) 

500kHz to 2.5MHz Input 

dB Below FS (min) 

70(62) 

Conversion Time 2 

ns 

195 (± 25) + 2 Clock Periods 

Conversion Rate 3 

MHz (max) 

dc to 5 (5.5) 

Effective Aperture Delay Time 4 

ns (max) 

4(±4) 

Aperture Uncertainty (Jitter) 

ps, rms, max 

12(25) 

Signal to Noise Ratio (SNR) 5 



540kHz Input 

dB (min) 

67(65) 

2.3MHz Input 

db (min) 

65 (62) 

T ransient Response 6 

ns 

300 

Overvoltage Recovery 7 

ns 

500 

Input Bandwidth (3dB) 8 

MHz 

15 

Two-Tone Linearity (@ Input Frequencies) 9 



(500kHz; 540kHz) 

dB Below FS 

66 

ANALOG INPUT 



Voltage Range 10 



Operating 

V, FS 

±1.024 and ±2.048 

Maximum Without Damage 

V,max 

±4 

Input Type 


Bipolar 

Impedance 



2VFS 

n 

1,000 

4VFS 

fl 

2,000 

Offset 11 



Initial 

mV 

±2 

ENCODE COMMAND INPUT 12 



Logic Levels, TTL-Compatible 

V 

“0” = 0 to +0.4 


V 

“1”= +2.5 to +5.0 

Impedance 

fl,min 

100k 

Rise and Fall Times 

ns, max 

10 

Width 



Min 

ns 

20 

Max 

70% of Encode Command Period 

Frequency 13 

MHz 

dcto5 

DIGITAL OUTPUT 



Format 

Data Bits 

12 Parallel, Plus MSB; NRZ 

Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.5 



“1”= +2.5 to +5.0 

Drive 

LS Loads 

10 

Time Skew 

ns, max 

10 

Coding 


Binary (BIN); 



2s Complement (2SC) 

DATA READY OUTPUT 



Format 

RZ 


Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.5 



“1”= +2.5 to +4.0 

Drive 

LSTTL Loads 

10 

Rise and Fall Times 

ns, max 

10 

Duration 

ns (max) 

50 (±10) 

POWER REQUREMENTS 14 



+ 15V ±2% 

mA (max) 

130(150) 

-15V ±2% 

mA (max) 

130(150) 

+ 5V ±5% 

mA (max) 

300(400) 

-5.2V ±5% 

mA (max) 

870(1,000) 

Power Consumption 

W(max) 

9.9(11.7) 

TEMPERATURE RANGE 



Operating 

°C 

Oto +70 

Storage 

°C 

— 55 to + 85 

Cooling Air Requirements 

LFPM 

500 


(Linear Feet Per Minute) 

CONSTRUCTION 



Single Printed Circuit Card 



Including Connectors 

Millimeters 

167.3x100x13. 13 


Inches 

6.59x3.93x0.517 

Board Only 

Millimeters 

160x100x1.57 


Inches 

6.3 x 3.93 x 0.062 


For Applications Assistance, Call Computer Labs Division @(919) 668-95 1 1 . 


NOTES 

'In-Band Harmonics expressed in terms of spurious in-band signals and 
related harmonics generated at 5MHz encode rate. Minimums shown 
guaranteed over operating temperature range of 0 to + 70°C. 

2 Measured leading edge Encode Command to trailing edge of associated 
Data Ready; use trailing edge to strobe output data into external circuits. 
*For word rates below 100kHz, consult factory. 

4 See text for description of Effective Aperture Delay Time. 

5 Rms signal to rms noise ratio minimum are guaranteed over the 
operating temperature range of 0 to + 70°C. 

6 For full-scale step input, 1LSB accuracy attained in specified time. 
7 Recovers to 1LSB accuracy in specified time after 2 x FS input 
overvoltage. 

8 Input bandwidth flat within 0.2dB, dc to 2.5MHz. Unit is optimized 
for bandwidth shown; wider bandwidth available on special order. 
Consult factory for details. 

’Each input frequency applied at level 7dB below full scale. 

'°Gain is adjustable ± 5% with on-board potentiometer. 

"Adjustable ± 15mV without performance degradation. 

"Transition from digital “0” to digital “1” initiates encoding. 

"For operation at word rates below 500kHz, consult factory. 

14 ± 15V must be equal and opposite within 200mV and track over 
temperature. 

Specifications subject to change without notice. 


PIN DESIGNATIONS 


ROW A 

ROWB j 

PIN 

FUNCTION 

PIN 

FUNCTION 

1 

N/C 

1 

ENCODE COMMAND 

2 

GROUND 

2 

GROUND 

3 

GROUND 

3 

GROUND 

4 

GROUND 

4 

GROUND 

5 

GROUND 

5 

GROUND 

6 

GROUND 

6 

GROUND 

7 

GROUND 

7 

GROUND 

8 

NO CONNECTION 

8 

DATA READY 

9 

GROUND 

9 

GROUND 

10 

GROUND 

10 

GROUND 

11 

-5.2V 

11 

-5.2V 

12 

-5.2V SENSE 

12 

-5.2V RETURN* 

13 

+ 15V 

13 

+ 15V 

14 

+ 15V SENSE 

14 

+ 15V RETURN* 

15 

-15V 

15 

-15V 

16 

-15V SENSE 

16 

-15V RETURN* 

17 

+ 5V 

17 

+ 5V 

18 

+5V SENSE 

18 

+ 5V RETURN* 

19 

GROUND 

19 

GROUND 

20 

GROUND 

20 

BIT 1 (MSB) 

21 

GROUND 

21 

BIT 1 (MSB) 

22 

GROUND 

22 

BIT 2 

23 

GROUND 

23 

BIT 3 

24 

GROUND 

24 

BIT 4 

25 

GROUND 

25 

BIT 5 

26 

GROUND 

26 

BIT 6 

27 

GROUND 

27 

BIT 7 

28 

GROUND 

28 

BIT 8 

29 

GROUND 

29 

BIT 9 

30 

GROUND 

30 

BIT 10 

31 

GROUND 

31 

BIT 11 

32 

GROUND 

32 

BIT 12 (LSB) 


"CONNECTED INTERNALLY TO GROUND PINS 
ANALOG INPUT IS SMA CONNECTOR LABELED J2 

OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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ANALOG 

DEVICES 


FEATURES 
12*Bit Resolution 
20MHz Word Rate 
Single 35-In 2 PC Board 
ECL Compatible 
No External Support Circuits 

APPLICATIONS 
Radar Digitizing 
Medical Instrumentation 
Digital Signal Processing 
Spectrum Analysis 
Transient Analysis 


12-Bit Video 
Analog-to-Digital Converter 


CAV-1220 


CAV-1220 FUNCTIONAL BLOCK DIAGRAM 



37 BIT1 (MSB) 
36 BIT 1 
34 BIT 2 


17 BIT 11 

14 BIT 12 (LSB) 

15 BIT 12 


GENERAL DESCRIPTION 

The Analog Devices model CAV-1220 A ID converter is an 
outstanding combination of 12-bit resolution, 20MHz word 
rates, and small size. The unit is capable of solving a multitude 
of high-speed digitizing problems. Its design is based on concepts 
pioneered in the MOD-1020 and MOD-1205 A/D converters; 
and taken to an even higher level of achievement in the 
CAV-1210. 

It is pin-for-pin compatible with the other units in the MOD 
and CAV series of A/D converters. But it doubles the word rate 
of its predecessor CAV-1210, making it possible for system 
designers to offer options or upgrade their high-resolution systems 
without new layouts. 

This remarkable converter includes a track-and-hold, along with 
encoding and timing circuits. The CAV-1220 is an ideal choice 
for the designer who needs state-of-the-art performance in high- 
resolution, ultra-high speed A/D conversion. 

For radar applications, 12-bits of resolution increase the dynamic 


range of the converter, making it possible to detect weaker 
signals than would be possible with lower resolution characteristics. 
The high-word rates enhance ranging resolution, thereby in- 
creasing system effectiveness. 

In imaging applications, the CAV-1220 increases the contrast 
and/or color resolution of systems in which it is used. Its high-word 
rates increase spatial resolution; and this combination of high 
resolution and high speed can materially improve system 
performance. 

All digital inputs and outputs are ECL compatible; optimum 
analog input impedance can be selected by the user. The unit 
requires only an encode command and external power supplies 
for operation. The CAV-1220 is repairable and backed by Analog 
Devices’ limited one-year warranty. 
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SPECIFICATIONS 


+ 25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

CAV-1220 

RESOLUTION (FS = Full Scale) 

Bits(%FS) 

12(0.024) 

LSB WEIGHT 

2.048V p-pFS 

mV 

0.5 

ACCURACY 

(Including Linearity) @ dc 

%FS ± 1/2LSB 

0.0125 

Monotonicity 


Guaranteed 

Nonlinearity vs. Temperature 

ppm/°C (max) 

10(15) 

Offset vs. Temperature 

ppm/°C (max) 

220(250) 

Gain Error 

%FS 

2 

Adjustable to Zero with On-Card Potentiometer 


Gain vs. Temperature 

ppm/°C, max 

150 

DYNAMIC CHARACTERISTICS 

In-Band Harmonics 1 

540kHz Input 

dB Below FS, min 

70 

2.3MHz Input 

dB Below FS, min 

65 

9.3MHz Input 

dB Below FS, min 

50 

Conversion Time 2 

ns (max) 

1 Clock Period + 155ns (±10) 

Conversion Rate 

MHz, max 

20 

Aperture Uncertainty (Jitter) 

ps, rms max 

25 

Effective Aperture Delay Time 3 

ns (max) 

2.5(±2.5) 

Signal to Noise Ratio (SNR) 4 

dB, (min) 

66(65) 

Noise Power Ratio (NPR) 5 

dB 

52 

Transient Response 6 

ns 

100 

Overvoltage Recovery 7 

ns 

200 

Input Bandwidth 

Small Signal, 3dB 8 

MHz 

40 

Large Signal, 3dB 9 

MHz 

35 

Two-Tone Linearity (@ Input Frequencies) 10 

(60kHz; 62kHz) 

dB Below FS 

70 

(2.496MHz; 2.498MHz) 

dB below FS 

65 

(4.996MHz; 4.998MHz) 

dB below FS 

60 

ANALOG INPUT 

Voltage Range 11 

Operating 

V,FS 

±1.024 

Maximum Without Damage 

V, max 

±2 

Input Type 


Bipolar 

Impedance 

ft 

1000 

Offset 12 

mV 

Adjustable to Zero with 

On-Card Potentiometer 

ENCODE COMMAND INPUT 13 

Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

(Balanced Input) 

V 

“1” = -0.9 

Impedance 

ft, max 

100 

Rise and Fall Times 

ns, max 

5 

Width 

Min 

ns 

10 ! 

Max 

70% of Encode Command Period 1 

Frequency 14 

MHz 

dc to 20 

DIGITAL OUTPUT 

Format 

Data Bits 

Data Ready and 

12 Parallel; NRZ 


Data Ready 

2;RZ 

Logic Levels, ECL-Compatible 

V 

“0” = -1.7 

(Balanced Output) 

V 

“1” = -0.9 

Drive (Line-to-Line) 

ft, min 

75 

Time Skew 

ns, max 

5 

Coding 


Binary (BIN); 

2’s Complement (2SC) 

DATA READY OUTPUT 

Logic Levels, ECL-Compatible 

V 

“0” = -1.7 

(Balanced Output) 


“1” = -0.9 

Drive (Line-to-Line) 

ft, min 

75 

Rise and Fall Time 

ns, max 

5 

Duration 

ns (max) 

22 ( ± 3) 

POWER REQUREMENTS 15 

+ 15V ± 5% 

mA (max) 

174(192) 

-15V ±5% 

mA (max) 

157(173) 

+ 5V ±5% 

mA (max) 

174(192) 

-5.2V ±5% 

A (max) 

2.78(3.06) 

Power Consumption 

W(max) 

20.3(22.3) 

TEMPERATURE RANGE 

Operating 

°C 

Oto +70 

Storage 

°C 

— 55 to + 85 

Cooling Air Requirements 

LFPM 

(Linear Feet Per Minute) 

500 

CONSTRUCTION 

Single Printed Circuit Card 

Inches 

7.0 x 5.0 x 0.5 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


0.2 15.08) -»H H* 3.3 (83.8) - 

T0PIN 

CENTERLINE 02,5 


U - r ll l i Hl+h mt ggj 

• [-•-0.215 (5.46) TYP -»»-| •►0.2(5. 




-w-j 0.2 (5.08) GRID 

6.9) TO HOLE CENTERLINES 

BOTTOM VIEW 


PIN DESIGNATIONS 


DATA READY 
GROUND 


DATA READY 
BIT 1 (MSB) 


BIT 1 (MSB) 


BIT 2 
BIT 2 


BIT 3 
BIT 3 
BIT 4 


BIT 4 
BIT 5 


BIT 5 
BIT 6 


For Applications Help, Call Computer Labs Division @ (919) 668-95 1 1 . 


GROUND 

ENCODE COMMAND 


ENCODE COMMAND 

GROUND 

-5.2V 

+ 15V 

-15V 

GROUND 

ANALOG INPUT 

GROUND 

+ 5V 

GROUND 
GROUND 
BIT 12 (LSB) 


BIT12(LSB) 
BIT 11 


BIT 11 
BIT 10 
BIT 10 
BIT 9 


NOTES 

'In-Band Harmonics expressed in terms of spurious in-band signals and 
harmonics generated at 20MHz encode rate. 

2 Measured from leading edge Encode Command to trailing edge Data 
Ready; use trailing edge to strobe output data into external circuits 
(see text). 

3 Sec text for description of Effective Aperture Delay Time. 

4 Rms signal to rms noise ratio with full-scale 540kHz analog input 
(see Figure 3). 

s Dc to 8.2MHz white noise bandwidth with slot frequency of 3.886MHz; 
and encode rate of 20MHz. 

6 For full-scale step input, 12-bit accuracy attained in specified time. 

7 Recovers to 12-bit accuracy in specified time after 2 X FS input 
overvoltage. 

"With analog input 40dB below FS. 

’With FS analog input. (Large-signal bandwidth flat within 0.2dB, 
dc to 10MHz). 

l0 Both frequencies applied at level 7dB below full scale. 

"Standard bipolar input is adjustable ± 5% with on-card potentiometer 
(see text and Figure 2). Unipolar 0 to + 2V input range is available on 
special order; consult factory for details. 

"Adjustable ± 15mV without performance degradation (see text and 
Figure 2). 

"Digital “0” to digital “1” transition initiates encoding. 

"Encode rate specified by customer; see Ordering Information. Units 
operated outside ± 10% of specified frequency (up to maximum 20MHz) 
must be returned to factory for recalibration. For operation at word rates 
below 500kHz, consult factory. 

15 ± 15V must be equal and opposite within 200mV and track over 
temperature. 

Specifications subject to change without notice. 
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Theory of Operation - CAV-1 220 


THEORY OF OPERATION 

Refer to the block diagram of the CAV-1220. 

Analog input signals to be digitized are applied to a track-and-hold 
(T/H) amplifier, which is normally operating as a buffer amplifier 
in the “track” mode, following all changes in analog input as 
they occur. The user of the CAV-1220 determines the point at 
which the analog signal is to be digitized by applying an Encode 
Command. 

The leading edge of the ECL-compatible encode command 
causes the track-and-hold to switch momentarily to the “hold” 
mode of operation, “freezing” the analog input signal long 
enough to begin the digitizing process. The instant this switching 
action occurs is affected by one of the parameters of the CAV-1220, 
called out as Effective Aperture Delay Time in the Specifications 
table. 

Basically, effective aperture delay time is a measure of the dif- 
ference between the converter’s digital and analog delays (t^j-tJ 
and can assume a zero, positive, or negative value depending on 
the comparative lengths of the two delays. In the CAV-1220, 
the analog delay (tj is less than the digital delay (t<j), and causes 
effective aperture delay to be typically 2.5ns. 

The “held” value of analog signal at the output of the T/H is 
applied to a 5-bit encoder. It is also applied to an analog delay 
circuit, whose time delay is equal to the interval required for 
the first step of the digitizmg/reconstruction process. 

The digitized signal is applied to a 5-bit D/A converter which 
has 12-bit accuracy. Via registers, the same digital signal is 
directed to the digital correction logic circuits. The stored data 
will represent Bits 1-5 of the 12-bit digital output of the 
CAV-1220. 


The reconstructed output of the D/A converter becomes one 
input to an operational amplifier; its other input is the delayed 
analog signal from the delay line. The output of the wideband, 
fast-settling op amp represents the residue which remains after a 
5-bit digital representation of the analog input has been subtracted 
from that input. 

This residue, or error, signal is encoded by a second encoder 
and is applied as 8-bit digital information to the digital correction 
logic circuits which contain Bits 1-5. 

The correction circuits combine the 5-bit and 8-bit bytes of data 
to compensate for possible nonlinearities and other errors to 
assure the final 12-bit output of the CAV-1220 is 12-bit 
accurate. 

Expressed in its simplest terms, the digital correction logic 
circuits use the information in the 8-bit signal to determine 
what modifications of Bits 1-5 may be necessary. The value of 
the MSB in the 8-bit byte establishes whether the 5-bit data are 
passed “as is” or whether they are increased by a value of binary 
“1”. The remaining bits (2-8) of the 8-bit byte become Bits 6-12 
of the CAV-1220 digital output. 

Digitally corrected subranging (DCS), the innovative technique 
described here, helps compensate for a wide range of potential 
errors which could otherwise be avoided only if the CAV-1220 
design included expensive, high precision components. 

The use of 13 bits to obtain an accurate 12 bits of output cannot 
prevent gain error, track/hold droop error, linearity error, offset 
error, or any of the other inherent characteristics of “real-world” 
A/D converters. But DCS can, and does, help nullify their 
effects and makes it economically feasible to accomplish high- 
speed, high-resolution digitizing of analog signals. 


ENC. 

CMND. 


DATA 

READY 





_Fl 


FI T 


FI 


DATA 

OUTPUT 


X 


| ONE 

Jrr 


(ENCODE CMND. #1) Y (ENCODE CMND. #2) 


DATA 

CHANGING 

Figure 1. CA V- 1220 Timing Diagram 


CAV-1220 TIMING 

Refer to Figure 1, the CAV-1220 Timing Diagram. 

The intervals shown represent a continuous update rate of ap- 
proximately 10MHz, which is considerably below the maximum 
capabilities of the CAV-1220. But that frequency helps illustrate 
the “pipeline delay” characteristic of the converter. 

At this word rate, spacing between encode commands is approx- 
imately 100 nanoseconds; and three encode commands have 
occurred before the data associated with the first command are 
valid. In Figure 1, this pipeline delay has a total time of approx- 
imately 255 nanoseconds (155ns + 100ns). This interval will be 
different at other word rates, but will always include 155ns; 
depending upon the update rate, either more or fewer encode 
commands may occur before the first data are available. 

After the initial delay, valid data will be available at the word 
rate dictated by encode commands. Note the spacing between 


Encode Command #1 and Encode Command #2 is equal to one 
encode period. This is the same spacing as that between Data 
Ready #1 and Data Ready #2; and is also the spacing between 
the first and second groups of valid data. 

System timing can be adjusted as necessary to take into account 
the pipeline delay effects and assure that the data of interest are 
strobed out of the converter at the appropriate time. 

Figure 1 also illustrates why the trailing edge of the Data Ready 
pulse is recommended as the strobe for output data. Typically, 
data begin changing 5ns after the leading (rising) edge of each 
Data Ready pulse; they will be fully settled at the time of the 
trailing (falling) edge and available for use in external circuits. 

Another possibil ity for strobing the output data is to use the 
DATA READY pulse. Its leading edge occurs at the same time 
as the trailing edge of the DATA READY signal, but is a rising 
edge, which may facilitate its use as a strobe. 
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ANALOG INPUT IMPEDANCE 

Refer again to the block diagram of the CAV-1220 and note the 
resistor shown in dashed lines and designated as Rin- 

This resistor value is chosen by the user to allow the analog 
input impedance of the CAV-1220 to be matched to the charac- 
teristic impedance of the analog signal source. 

Without an added resistor, the input impedance of the unit is 
1,0000; this is the series total of the GAIN control and the 
9000 resistor shown in the block diagram. 

When a resistor is added, it is in parallel with the internal im- 
pedance of the CAV-1220; various values of resistors can be 
used to obtain standard impedances: 

Desired Input 

Impedance Value for Rin 

50 ohms 52.3 ohms 

75 ohms 80.6 ohms 

93 ohms 102 ohms 

100 ohms 110 ohms 

For an input impedance (Z) different from those shewn above, 
the correct resistor value can be established with the equation: 

1 1 1 

R m Z lk 

The physical location of Rin is shown in Figure 2. 



Figure 2. CAV-1220 Adjustment Controls 

OFFSET AND GAIN ADJUSTMENTS 

The design and manufacture of the CAV-1220 A/D converter 
are innovative and precise, and have resulted in a high-performance 
converter which is virtually adjustment-free. This elimination of 
variable controls helps make the unit less susceptible to per- 
formance degradation caused by vibration, shock, or inadvertent 
and/or incorrect adjustment. 

Despite the complexity of the circuits required to obtain high- 
resolution digitizing at high speeds, there are only two control 
settings used in the unit. Factory adjustments during final cali- 
bration use selected fixed resistors to assure optimum performance 
without a need for “tweaking” by the user. 

Only OFFSET and GAIN controls are available, and even these 
are sealed at the factory before shipment. In those rare instances 
where they may require readjustment, the procedure outlined 
below is one which should be used. 

Refer to Figure 2, the CAV-1220 Adjustment Controls. 

When adjusting offset and gain of the CAV-1220 in the system, 
the OFFSET control should be adjusted first. The adjustment 
sequence is: 

1. Apply to the analog input a precise ( ± 0.25mV) dc level 
corresponding to midscale of the desired input range. (For 
standard units with ± IV range, this is 0V input.) 

2. Adjust OFFSET control while observing MSB (Bit 1); adjust 
for MSB “toggling” between digital “0” and digital “1”. 


3. Apply a precise (±0.25mV) dc level corresponding to the 
most negative excursion of the desired input range. (For 
standard units, this is - IV input.) 

4. Adjust GAIN control while observing LSB (Bit 12); adjust 
for output of Bits 1-11 solid “0” with LSB “toggling”. 

5. Apply a precise (±0.25mV) dc level corresponding to the 
most positive excursion of the desired input range. (For 
standard units, this is + IV input.) 

6. Check digital output to assure Bits 1-11 are solid “1” with 
LSB “toggling”. 

7. Adjust OFFSET and GAIN controls alternately as necessary 
to obtain analog input range to tolerance of ± 1/2LSB. 



100k 2 4 8 1M 2 4 8 10M 

FREQUENCY - Hz 


Figure 3. CAV-1220 SNR and Harmonics 

DYNAMIC PERFORMANCE 

Figure 3 shows typical performance on some of the dynamic 
characteristics which play an important role in the performance 
of systems using the CAV-1220 A/D converter. 

The A/D was calibrated in final test for an encode rate of 20MHz. 
As shown, signal-to-noise ratio (SNR) with harmonics is typically 
66dB at an input frequency of 100kHz; and remains greater 
than 50dB for full-scale inputs of 8MHz. As expected, SNR 
without harmonics is better and is typically 56dB at 8MHz. 

The level of 2nd and 3rd harmonics at a word rate of 20MHz is 
also depicted; in these characteristics, too, the CAV-1220 displays 
exceptional performance. 

ORDERING INFORMATION 

For standard CAV-1220 units, order by model number CAV-1220- 
XXX; XXX is specified by the customer to indicate the desired 
optimized word rate. The decimal place is assumed (but not 
shown) between the second and third places. CAV-1220-150, for 
example, indicates final calibration and optimum performance at 
15MHz. 

Optimum performance will be achieved within a band of fre- 
quencies approximately ± 10% around the selected word rate; 
but the maximum rate of 20MHz must be considered. If later 
applications require word rates beyond the limits of the original 
optimum frequency, the unit must be returned to the factory 
for calibration; there is a nominal charge for this service. 

Mating sockets for the CAV-1220 converters are model number 
MSB-2 (thru hole) or MSB-3 (closed end). These are individual 
solder-type pin sockets for mounting the A/D on PC boards. 
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FEATURES 

12-Bit Resolution 

1MHz Word Rate 

T/H and Timing Circuits Included 

Single Hybrid Package 

APPLICATIONS 
Radar Systems 
Medical Instrumentation 
Electro-Optics Systems 
Test Systems 
Digital Oscilloscopes 


12-Bit, 1MHz 
Analog-to- Digital Converter 


HAS-1201 



GENERAL DESCRIPTION 

The HAS-1201 A/D Converter combines high resolution and 
speed in a single hybrid package. This is a complete 12-bit, 

1MHz unit which includes a track-and-hold and timing circuits. 
It’s a total solution for the system designer who needs to perform 
the entire analog-to-digital conversion function in the smallest 
possible space. 

This remarkable converter is a full answer to the question of 
digitizing analog signals into high-resolution data outputs and 
doing it in the most cost-effective way. The HAS-1201 is the 
ideal choice for the designer who needs state-of-the-art performance 
in high-resolution, high-speed A/D conversion. 


Full-scale analog inputs are 5 or 10 volts; and the unit can operate 
with either bipolar or unipolar ranges. Analog input impedance 
is 1,000 ohms or 2,000 ohms and the three-state digital outputs 
are TTL compatible. The user needs to supply only an encode 
command and external power supplies for operation. 

All models of the HAS-1201 A/D Converter are housed in 46-pin 
metal hybrid packages. The HAS-1201KM operates over a 
temperature range of 0 to + 70°C. The HAS-1201SM is rated 
over an operating temperature range of - 25°C to + 85°C, but 
will operate with derated performance over a range of - 55°C to 
+ 100°C. For units operating from - 25°C to + 85°C and military 
screening, order HAS-1201SMB; contact the factory for details 
about derated performance and military screening. 
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SPECIFICATIONS 


(typical @ + 25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

HAS-I201KM HAS-1201SM/SMB 

RESOLUTION (FS = Full Scale) 

Bits 

12 

* 


%FS 

0.025 

* 

ACCURACY 




Gain 

%FS 

±3 

* 

Gain vs. Temperature 

ppm/°C 

80 

* 

Linearity @ dc 

%FS ± 1/2LSB 

0.0125 

* 

Diff. Nonlinearity vs. Temp. 

ppm/°C 

10 

15 

Monotonicity 


Guaranteed 

* 

DYNAMIC CHARACTERISTICS 




In-Band Harmonics 1 




(dcto 100kHz) 

dB below FS (min) 

80(75) 

* 

(100kHz to 500kHz) 

dB below FS 

75 

* 

Conversion Rate 

MHz, max 

1.05 

1.00 

Conversion Time 2 

ns, max 

950 

* 

Over Temperature 

ns, max 

950 

1000 

Aperture Uncertainty (Jitter) 

ps,rms 

30 

* 

Aperture Time (Delay) 

ns 

25 


Signal to Noise Ratio (SNR) 3 

dB(min) 

68(65) 


T ransient Response 4 

ns (max) 

600(1000) 

* 

Overvoltage Recovery 5 

ns 

1000 

* 

Input Bandwidth 




Small Signal, -3dB 6 

MHz 

2 

★ 

Large Signal, - 3dB 7 

MHz 

2 


Two-Tone Linearity (@ input frequencies) 




(75kHz; 105kHz) 

dB below FS 

80 

* 

ANALOG INPUT 




Voltage Ranges 

V, p-p FS 

5.0/10.0 

★ 


V,max 

±15 

* 

Impedance (5V/10V Input) 

ft (max) 

1000/2000 (±1%) 

* 

Bipolar Offset 8 




Initial (5 V Input) 

mV (max) 

±2(± 10) 


vs. Temperature 

FS ppm/°C (max) 

50(200) 

* 

DIGITAL INPUTS 




Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 

★ 


V 

“1”= +2.4 to +5 

★ 

Impedance 

LS TTL Loads 

3 

★ 

Rise and Fall Times 

ns, max 

10 

* 

Frequency 

MHz, max 

1.05 

1.00 

Encode Command Width 9 




Min 

ns 

50 

★ 

Max 

ns 

Encode Period - 350ns 

* 

Register Strobe Width 




Min 

ns 

50 

* 

Max 

ns 

Encode Period - 350ns 

* 

Enable Width 




Min 

ns 

100 

* 

DIGITAL OUTPUTS 




Format 

Bill, 




Bill -Bit 12 

3-State; NRZ 

★ 

Logic Levels, TTL-Compatible 10 

V 

“0” = 0to +0.5 

★ 



“1” = +2.4 to +5 

★ 

Drive 

TTL Loads 

1 

* 

Time Skew 

ns, max 

10 

★ 

Delay: Register Strobe to 




Output Data Validity 

ns 

30 

★ 

Coding 


Complementary Binary 




(CBIN) 

* 



Complementary Offset 




Binary (COB) 

* 



Complementary 2’s 




Complement (C2SC) 

★ 

POWER REQUIREMENTS 




+ 15V ±5% 

mA (max) 

55(70) 

* 

-15V ± 5% 

mA (max) 

65(80) 

* 

+ 5V ± 5% 

mA (max) 

195(235) 

* 

-5.2V ±5% 

mA (max) 

35(40) 

* 

Power Consumption 

W (max) 

3.0 (3.6) 

* 

TEMPERATURE RANGE 1 1 




Operating 

°C 

0 to + 70 

-25 to +85 

Storage 

°C 

-55 to +150 

★ 

THERMAL RESISTANCE 12 




Junction to Air, 6ja (Free Air) 

°c/w 

12 

★ 

Junction to Case, 0jc 

°c/w 

2.5 

* 

PACKAGE OPTION 13 




M-46 


HAS-1201KM 

HAS-1201SM 




HAS1201SMB 


HAS-1201 PIN DESIGNATION 


PIN 

FUNCTION 

PIN 

FUNCTION 

46 

+ 5V 

1 

+ 5V 

45 

-15V 

2 

GROUND 

44 

UNIPOLAR POSITIVE 

3 

ENCODE COMMAND 

43 

UNIPOLAR NEGATIVE 

4 

GROUND 

42 

-5.2 V 

5 

GROUND 

41 

GROUND 

6 

DO NOT CONNECT* 

40 

5V RANGE IN 

7 

GROUND 

39 

10V RANGE IN 

8 

REGISTER STROBE 

38 

OFFSET 

9 

+ 5V 

37 

DO NOT CONNECT* 

10 

ENABLE 

36 

GROUND 

11 

BIT 1 (MSB) 

35 

-15V 

12 

BlTT (MSB) 

34 

NO CONNECTION 

13 

BIT 2 

33 

NO CONNECTION 

14 

BTT3 

32 

+ 15V 

15 

BiT4 

31 

+ 15V 

16 

BITS 

30 

GROUND 

17 

BIT 6 

29 

GROUND 

18 

BiT7 

28 

GkuUND 

19 

BITS 

27 

GROUND 

20 

BiT9 

26 

GROUND 

21 

Brno 

25 

GROUND 

22 

BffTT 

24 

GROUND 

23 

Bfn2(LSB) 


NOTE: 

PINS 2, 4, 5, 7, 24-30, 36 and 41 NEED TO BE CONNECTED 
TO THE SAME COMMON GROUND AS CLOSE TO CASE AS 
POSSIBLE. POWER SUPPLY VOLTAGES NEED TO BE 
CONNECTED TO ALL DESIGNATED PINS. 

•FOR FACTORY USE ONLY. 


NOTES 

’In-Band Harmonics expressed in terms of spurious in-band signals 
generated at 1MHz encode rate at analog inputs shown in ( ). 

2 Measured from leading edge of Encode Command to time associated 
data are valid. 

3 RMS signal to rms noise ratio with 100kHz analog input. 

4 For full-scale step input, 12-bit accuracy attained in specified time. 

s Recovers to specified performance in specified time after 2 x FS input 
overvoltage. 

6 With analog input 40dB below FS . 

7 With FS analog input. (Large-signal bandwidth flat within 0.5dB, 
dc to 500kHz.) 

8 Externally adjustable to zero. 

’Transition from digital “0” to digital “1” initiates encoding. 

’’Output data are TTL-compatible when analog input is within specified 
range. Negative over-voltage inputs cause tri-state output to drift 
to “high” condition and may create erroneous output (see text). 

' 'Case Temperature. Models HAS-1201SM/SMB will operate with 
derated performance over temperature range of - 55°C to + 100°C; 
contact factory for details. 

12 Maximum junction temperature is + 150°C. 

l3 See Section 14 for package outline information. 

Specifications subject to change without notice. 


For applications assistance, phone Computer Labs Division at (919) 668-95 1 1 
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Theory of Operation - HAS-1201 


THEORY OF OPERATION 

Refer to the block diagram of the HAS-1201 A/D Converter. 

This is a functional illustration of the HAS-1201 A/D Converter. 
Internally, the converter uses digitally corrected subranging 
(DCS) pioneered by Analog Devices to generate 14 bits of digital 
data. The two extra bits are used for digital correction to assure 
that the 12 bits of parallel output data are an accurate representation 
of the analog input signal present at the time of the encode 
command. 

The analog signal to be digitized is applied to an internal track-and- 
hold (T/H), whose change between the “track” and “hold” 
modes is determined by the HAS-1201 internal timing circuits. 
Applying an encode command (at Pin 3) triggers these circuits 
and causes the required timing signals to be generated. 

Timing intervals for the various signals involved in the operation 
of the HAS-1201 A/D Converter are shown in Figure 1. 

Understanding the operation of the HAS-1201 is easiest when 
the timing of events is related to the leading edge of the Encode 
Command. Minimum width of that signal is 50ns; maximum 
width is the period of the encode rate less 350ns. A square wave 
is always an acceptable encode signal for the HAS-1201 
converter. 

For purposes of illustration, spacing between Encode Commands 
#1 and #2 in Figure 1 is approximately equal to a word rate of 
500kHz. 

When the encode command is applied, the unit switches to the 
hold mode for approximately 670 nanoseconds; the length of the 
track mode is a function of word rate. When operated at its 
maximum frequency, the HAS-1201 will remain in “track” 280 


nanoseconds, the interval required for internal processing of 
data. 

During the first 50 nanoseconds of each hold period, valid data 
resulting from the previous encode command continue to be 
applied to the output register. But then, internal switching 
within the HAS-1201 causes changes to occur until the con- 
version cycle initiated by the most recent encode command is 
completed. 

Referenced to the leading edge of the encode command, minimum 
spacing on the Register Strobe is 950ns; maximum spacing is 
shown with the Register Strobe in dotted lines. 

Output data at Pins 1 1-23 remain valid until updated by a Register 
Strobe. As noted, this validity interval is based on having the 
ENABLE connected to either digital “0” or ground. 

In Figure 1, the timing of the signals labeled ENABLE and 
OUTPUT DATA are not referenced to the ENCODE COM- 
MAND; their timing is related only to each other. 

If the ENABLE pulse is used to strobe output data into external 
circuits, the user must assure its ar rival corres ponds to the 
availability of valid data. When the ENABLE is at digital “1”, 
output dat a present a high impedance to external circuits. Changing 
ENABLE to a digital “0” causes the three-state logic outputs to 
become low impedances and makes them available for strobing. 

In the block diagram, the external connection of the encode 
command (Pin 3) to the register strobe (Pin 8) is the connection 
which might be used if the HAS-1201 were operating at a con- 
tinuous maximum encode rate of 1.05MHz. Under these cir- 
cumstances, the output data resulting from Encode Command 
#1 will be strobed out of the converter with the leading edge of 
Encode Command #2. 



#i 


#2 


ENCODE 

COMMAND 




ENABLE 

OUTPUT 

DATA 2 



NOTES 

’WITH ENABLE CONNEC TED TO DIGITAL "0" OR GROUND. 
2 WITH PULSED ENABLE. 


Figure 7. HAS-1201 Timing Diagram 
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OPERATING HAS-1201 AT WORD RATES LESS 
THAN MAXIMUM 

If encode commands are applied asynchronously, direct connection 
of these pins results in variations in the times when output data 
are available, because of pipeline delay through the converter 
and the differences in intervals between encode commands. 

With Pins 3 and 8 connected, the leading edge of each encode 
command is the signal which strobes output data generated by 
the preceding encode command. There is no separate, designated 
output signal indicating data are valid. 

As an example, assume the HAS-1201 encode rate varies around 
500kHz, but with relatively large differences in the times between 
encode commands. Under these conditions, the availability of 
output data will vary; it is often preferable to have outputs 
available a specified interval after each encode command. A 
method to achieve this is shown in Figure 2. 


The insertion of a delay circuit between the encode command 
input and the strobe input of the HAS-1201 makes it possible to 
use each digital output word at a precise time after its asso- 
ciated encode command, even when operating the converter 
asynchronously. 

The delay circuit can take any of several forms. The user may 
opt to use a fixed delay line with a delay of 950ns or more; in 
other cases, shift registers could be used. Another possibility is 
a variable delay, such as multivibrators, adjusted to the optimum 
delay for each application. 

In this latter approach, the period of the multivibrators can be 
set to any desired time between a minimum of 950ns (the period 
of 1 .05MHz) and a maximum determined by the period of the 
highest word rate to be used. 



Figure 2. HAS-1201 Connection Diagram 


3-576 ANALOG-TO-DIGiTAL CONVERTERS 






HAS-1201 


CONNECTING HAS-1201 A/D CONVERTER 

At the analog input, the user connects offset (Pin 38) externally 
to either Pin 43 or Pin 44 to obtain, respectively, unipolar negative 
or unipolar positive input ranging. The analog signal to be 
digitized is applied to Pin 39, the 10V input; or to Pin 40, the 
5V input, depending upon the application. Examples are shown 
in Figures 3A-3G. 


In Figure 3G, the recommended operational amplifier is an 
AD741. For 5V Unipolar Negative inputs using this circuit, 
connect Pin 43 to the positive input of the op amp and leave 
Pin 44 open. 



5 V FS Bipolar input 
Gain adjustment ± 5% FS 
Offset adjustment ± 5% FS 
(Adjust offset first) 



10V FS Bipolar input 
Gain adjustment ± 5% FS 
Offset adjustment ± 5% FS 
(Adjust offset first) 



10V FS Unipolar Positive input 
Gain adjustment ± 10% FS 
Offset adjustment ±5% 
(Adjust gain first) 



10V FS Unipolar Negative input 
Gain adjustment ± 10% FS 
Offset adjustment ±5% 

(Adjust gain first) 



5 V FS Bipolar input 
Gain adjustment ±20%FS 
No Offset adjustment 



5 V FS Bipolar input 
No Gain adjustment 
Offset adjustment ± 5% FS 



5 V Unipolar Positive input 
Offset adjustment ± 5% 
No Gain adjustment 
(see text) 


Various input ranges with fixed gain and offset are shown in 
Table I. 


INPUT RANGE 

CONNECT PINS 

INPUT PIN 

10V Bipolar 

None 

39 

lOVUni.Pos. 

38 to 44 

39 

lOVUni.Neg. 

38 to 43 

39 

5 V Bipolar 

None 

40 

5 V Uni. Pos. 

38 to 44 

40 

5V Uni. Neg. 

38 to 43 

40 

4V Bipolar 

38 to 40 

40 

1 (800 ohms impedance) | 



Tablet. 
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Regardless of the input connection being used, certain basic 
rules of layout should be observed for any high-speed circuit; 
this is particularly important for high-resolution devices such as 
the HAS-1201. 

Bypass capacitors are used internally, but all power supplies 
should be bypassed externally, with 0.01|iF-0.1|xF ceramic 
capacitors. Electrolytic capacitors of 10-22 microfarads should 
also be used on each supply; all capacitors should be connected 
as closely as possible to the supply pins. 

A massive ground plane, careful component layout, and physically 
separating analog and digital signals are among other requirements 
for assuring the high-speed, high-resolution characteristics of 
the HAS-1201 A/D Converter. 

Supply voltages must be applied to all pins for which they are 
designated. It is also extremely important to connect all grounds 
together, and to a solid, low-impedance ground plane. 

Cooling air should be passed over the unit when it is being 
operated; it should be supplied at 300-500 linear feet per minute 
(LFPM). 

The ENABLE signal at Pin 10 can be used for connecting the 
three-state logic outputs of the HAS-1201 to a bus. A logic “1” 
at this pin makes the logic outputs “float” at approximately 1.5 
volts and causes them to be high impedances during the time 
other signals are applied to the computer or microprocessor bus. 

If the HAS-1201 is n ot connecte d to a bus, i.e., it is being used 
as a system A/D, the ENABLE pin should be connected to 
logic “0” or ground. 

When using the unit as a (free-standing) system A/D, the user 
should keep in mind the output characteristic noted in the footnotes 
of the Specifications table on Page 2 of this data sheet. 

As a negative-going analog input is increased in value, the digital 
output of the HAS-1201 follows the changes until all outputs 
are at logic “1” (unit is operating with Complementary Offset 
Binary logic), indicating maximum negative analog input. Any 
further increase in negative input (overranging) will cause the 
tri-state digital outputs to “float”. 

The exception to this is the Bit 1 (MSB) at Pin 11. Internal 
pulldown resistors cause it to go to logic “0” and remain. 

When they are in an overrange condition, the digital outputs 
need to look “high”. This means the load on the output must 
pull the open circuits to the “high” state; this requirement 
normally presents no problem when driving standard TTL or 
Schottky TTL inputs. 

When driving low-power Schottky inputs, the change to “high” 
will have a slower rise time; it may require up to 100ns. For 
these, the user should avoid clocking the output data too soon. 

CMOS circuits have no provision for pulling up the converter’s 
outputs. In this situation, the recommended procedure is to use 
2k pull-up resistors connected to + 5 volts. 

TESTING HAS-1201 PERFORMANCE 

Sophisticated converters of the type represented by the HAS-1201 
A/D Converter require sophisticated testing to assure they meet 
or exceed their specified performance parameters. One of these 
test methods is a Fast Fourier Transform (FFT) analysis of the 
converter output. 


The results of that testing are shown in Figure 4. 

This diagram is an average analysis, based on ten readings. In 
th? test, a 104kHz sine wave is applied as the analog input (f Q ), 
at a level of ldB below full scale; the HAS-1201 is operated at a 
word rate of 1.05MHz. 

The FFT is based on 512 sample points, with Hanning weighting 
applied to the digital representations of the analog samples. The 
resulting spectrum demonstrates the exceptional performance of 
the converter, particularly in terms of low noise and harmonic 
distortion. 

In Figure 4, the vertical scale is based on a full-scale input 
referenced as OdB. In this way, all (frequency) energy cells can 
be calculated with respect to full-scale rms inputs. 
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Figure 4. HAS-1201 Output Fast Fourier Transform 

Besides the plot shown, the computer testing also supplies num- 
erical data stipulating the precise readings of the second and 
third harmonics; and the signal-to-noise ratio (SNR). These 
numbers have been replaced by a horizontal frequency scale for 
purposes of illustration. 

The original numbers indicated the peak amplitude of the second 
harmonic (208kHz) was at a level of - 81dB; the third harmonic 
(312kHz) was at -85dB. The signal-to-noise ratio was measured 
at 67.5dB, which corresponds to a noise floor of -*68.5dB. All 
of these numbers, like the plot, are 10-run averages of 512 
sample points in each run. 

The harmonic distortion numbers include five energy cells on 
either side of the harmonics of 2 x f OJ and 3 x f 0 . Including these 
cells helps negate the effects of side lobes caused by the Hanning 
weighting and non-coherent sampling used for testing. 

Hanning, or cosine, weighting is one of several methods of 
generating FFT data; each method has certain characteristics 
which make it more or less appropriate for various applications. 

ORDERING INFORMATION 

Three models of the HAS-1201 A/D Converter are available. 

For commercial operating temperatures between 0 and + 70°C, 
order model number HAS- 1201 KM. The HAS-1201SM is rated 
over an operating temperature range of - 25°C to + 85°C, but 
will operate with derated performance over a range of — 55°C to 
-I- 100°C. For units operating from -25°C to + 85°C and military 
screening, order HAS-1201SMB; contact the factory for details 
about derated performance and military screening. 
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ANALOG 

DEVICES 


Ultrafast Hybrid 
Analog-to-Digital Converters 


HAS- 1 202/HAS- 1 202A 


FEATURES 

Conversion Time of 1.56(i.s (HAS-1202A) 
12-Bit Resolution 
Conversion Rates to 641kHz 
Adjustment-Free Operation 

APPLICATIONS 
Waveform Analysis 
Fast Fourier Transforms 
Radar Systems 


HAS-1202 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The HAS-1202 and improved HAS- 1202 A A/D converters are 
thick-film hybrid 12-bit converters housed in 32-pin ceramic or 
metal DIP packages. They can be used with high-performance 
track-and-hold (T/H) amplifiers to solve high-speed, high-reso- 
lution digitizing problems economically and feature conversion 
times of 2.86|xs (HAS-1202) and 1.56|xs (HAS-1202A). 

These converters and the Analog Devices Model HTC-0300A 
T/H offer designers an opportunity to go from analog to digital 
with savings in power, board space, design time, and component 
costs. 

They are ideally suited for applications which require excellent 
performance with a minimum of adjustments. Included in these 


potential uses are radar systems, PCM, data acquisition systems, 
and digital signal processing (DSP) systems of various kinds. 

The HAS-1202 and HAS- 1202 A are rated over an operating 
temperature range of 0 to + 70°C and are packaged in 32-pin 
DIP ceramic housings. The HAS-1202M and HAS- 1202AM are 
rated over a range of - 55°C to + 85°C and are packaged in 
metal cases. For metal case units with an operating range of 
- 55°C to + 100°C and military screening, order part numbers 
HAS- 1202MB or HAS-1202AMB. Their performance character- 
istics are identical except for differences in conversion rates; the 
HAS-1202 is specified for a maximum rate of 349kHz, while the 
HAS-1202A is capable of operating up to 641kHz. 
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SPECIFICATIONS 


(typical @ + 25°0 with nominal power supplies unless otherwise noted) 



HAS-1202A 

HAS- 1202 

MAXIMUM RATINGS 




Positive Supply (Pin 4) 


+ 16VDC 

* 

Negative Supply (Pin 28) 


- 16VDC 

* 

Logic Supply (Pins 2, 27, 31) 


+ 7VDC 

* 

Analog Input (Pin 26) 


20V 

* 

Logic Input 


+ 7V 

★ 

(Encode Command @ Pin 32) 




Temperature 




Operating (Case) 


-55°Cto + 100°C 

* 

Storage 


- 55°C to + 125°C 

* 

Parameter 

Units 

HAS-1202A 

HAS-I202 

RESOLUTION (FS = Full Scale) 

Bits (%FS) 

12(0.025) 

★ 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 

mV 

2.5 

★ 

ACCURACY 




Monotonicity 


Guaranteed 

★ 

Integral Nonlinearity 

LSB 

±1/2 

★ 

Differential Nonlinearity 

LSB 

±1/2 

★ 

Nonlinearity vs. Temperature 

ppm/°C 

3.5 

★ 

Gain Error 

%FS,max 

0.08(0.18) 

★ 

Gain vs. Temperature 

ppm/°C 

60 

* 

Gain vs. Power Supply Changes 

ppm/mV 

2.2 

it 

DYNAMIC CHARACTERISTICS 




Conversion Rate 

kHz, max 

641 

349 

Conversion Time 1 

|xs, max 

1.56 

2.86 

vs. Temperature 

%/° C 

0.08 

* 

ANALOG INPUT 




Voltage Ranges 




Bipolar 

V 

±5.12 

* 

Unipolar 

V 

0to + 10.24 

* 

Overvoltage 

V,max 

20 

* 

Impedance 

Ft, max 

1,000 (±20) 

* 

Offset 2 




Initial 

mV, max 

7(38) 

* 

vs. Temperature 




Unipolar Input 

ppm/°C 

7 

* 

Bipolar Input 

ppm/°C 

35 

★ 

ENCODE COMMAND INPUT 3 




Logic Levels, TTL-Compatible 

V 

“0” = 0 to +0.4 

* 



“1”= +2.4 to +5 

* 

Impedance 

TTL Loads 

1 “S”and 1 “LS” 

★ 

Rise and Fall Times 

ns, max 

10 

* 

Width 




Min 

ns 

50 

* 

Frequency 

kHz 

dcto 641 

dc to 349 

DIGITAL OUTPUT 




Format 

Data Bits 

12 Parallel; NRZ 



Data Ready 

1;RZ 

* 

Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 

* 



“1” = +2.4 to +5 

★ 

Drive 

TTL Loads 

5 Standard 

★ 

Coding 


Binary (BIN) 




Offset Bin. (OBN) 


POWER REQUIREMENTS 




+ 15V ±0.5V 

mA (max) 

48(60) 

★ 

- 15V ±0.5V 

mA (max) 

30(46) 

★ 

+ 5V± 0.25 V 

mA (max) 

150(232) 

★ 

Power Dissipation 

W,max 

1.9(2.75) 

* 

TEMPERATURE RANGE 4 




Operating 

°C 

Oto +70 

* 


NOTE: For operating range of - 25°C to + 85°C, specify HAS-1202M or HAS- 1202AM; 
for operating range of - 55°C to + 100°C and military screening, specify 


NOTES 

^Specifications same as HAS-1202A. 

' Measured fr om leading edge of Encode Command to trailing edge of 
Data Ready with 50ns encode pulse. Conversion time increases equally with 
increasing width of Encode Command. 

2 Externally adjustable to zero. 

transition from digital “0” to digital “1” initiates encoding. 

4 Case temperature. Metal case HAS-1202M/HAS-1202AM have operating 
ranges of -25°C to +85°C; HAS-1202MB/HAS-1202AMB have operating 
ranges of - 55°C to + 100°C and military screening. 

5 Maximum junction temperature = 150°C. 

6 See Section 14 for package outline information. 

Specifications subject to change without notice. 


HAS- 1202/HAS- 1202 A PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

32 

ENCODE COMMAND 

1 

DIGITAL GROUND 

31 

+ 5V 

2 

+ 5V 

30 

DIGITAL GROUND 

3 

DATA READY 

29 

BIPOLAR OFFSET 

4 

+ 15V 

28 

-15V 

5 

BIT 1 (MSB) 

27 

+ 5V 

6 

BIT 2 

26 

ANALOG INPUT 

7 

BIT 3 

25 

COMPARATOR INPUT 

8 

BIT 4 

24 

ANALOG GROUND 

9 

BIT 5 

23 

ANALOG GROUND 

10 

BIT 6 

22 

D/A INPUT 

11 

BIT 7 

21 

D/A OUTPUT 

12 

BIT 8 

20 

ANALOG GROUND 

13 

BIT 9 

19 

ANALOG GROUND 1 

14 

BIT 10 

18 

ANALOG GROUND 

15 

BIT 11 

17 

ANALOG GROUND 

16 

BIT 12 


NOTE 

Analog Ground (Pins 17-20; 23; 24) and 
Digital Ground (Pins 1 and 30) Are Electrically 
Independent of Each Other. Connect Together 
Externally and to Low-Impedance Ground Plane 
as Close to Device as Possible. 


HAS- 1 202MB or HAS- 1 202 AMB . 


THERMAL RESISTANCE 5 

Junction to Air, 0 JA 
(Free Air) 

Junction to Case, 0jc 

°C/W 

°c/w 

38 

18 


PACKAGE OPTION 6 

M-32 


HAS-1202A 

HAS- 1202 


For applications assistance, call Computer Labs Division @ (919) 668-95 1 1 . 
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HAS- 1202/HAS- 1202 A 


ENCODE 

COMMAND 


50ns, MIN 





DATA 60ns— 

READY 

F 

1.56|jls, MAX (HAS-1 202A) 


1 ^ 1 



[BASED ON 50ns ENCODE COMMAND WIDTH] 



BIT 1 
(MSB) 




l_ 125ns, MAX (HAS-1202A) 
P- 233ns, MAX (HAS-1202) 


1.46|xs, MAX (HAS-1202A) 
2.76^, MAX (HAS-1202) 


BIT 12 
(LSB) 


Figure 1. HAS-1 202/1 202 A Timing Diagram 


HAS-1202 TIMING 

Refer to Figure 1, HAS-1202/1202A Timing Diagram. 

The TTL-compatible Encode Command pulse (applied to Pin 
32) has a minimum width of 50 nanoseconds. As the width of 
the Encode Command is increased from this minimum, the 
width of the Data Ready pulse (and the conversion time) is 
increased by an equal amount. For the HAS-1202, maximum 
encode frequency is 349kHz; for the HAS-1202A, maximum 
encode rate is 641kHz. 

When the leading edge of the encode signal arrives, data outputs 
resulting from the p receding enc ode command will be at their 
previous values; the Data Ready pulse, being RZ, will be at a 
digital “0” logic level. 

The Data Ready pulse will typically transition from digital “0” 
to digital “1” 60 nanoseconds after the leading (positive-going) 
edge of the Encode Command. It will remain at logic “1” until 
all data outputs have established levels indicative of the input 
analog value which is present during the conversion period. 

As expected , and as shown in Figure 1, the length of the 
Data Ready pulse and the corresponding availability of digital 
output data are different for the two models of HAS-1202 con- 
verters because of their differences in speed capabilities. 

CALIBRATION PROCEDURE 

Input connections for the HAS-1202 and HAS- 1202 A A/D Con- 
verters are shown in Figure 2. 

The values for resistors R A , Rl, and R2 in the Gain Adjust 
portion of Figure 2 are a function of the desired analog input 
range. 

For full-scale inputs >10.496 volts: 

Rl =(FS p-px 97.66) -1050 
R2 = Not used 
R a = 100(1 


For full-scale inputs <10.496 volts: 
R1 = 0H 


R2 = 860 


(FS p-px 97.66) -165 1 
1025 -(FS p-px 97.66) J 


R a = 50H 


The dotted lines between Pins 21 and 29 and ground in Figure 
2 are used to show differences in connections for unipolar and 
bipolar modes. For unipolar, ground Pin 29; for bipolar, connect 
Pins 21, 22, and 29 together without grounding. 


When calibrating for either unipolar or bipolar operation, an 
encode command at a frequency of 200kHz should be applied to 
Pin 32. Zero Adjust must always be adjusted before Gain Adjust, 
no matter which mode of operation is being calibrated. 

Connect a precision voltage reference source between the analog 
input and ground. 

If the converter is to be operated in a unipolar mode, adjust the 
output of the voltage reference to the desired full-scale positive 
input voltage, as described in Table I. After adjusting the Zero 
Adjust control per the directions in Table I, reset the reference 
and calibrate Gain Adjust. 



Figure 2. Gain and Offset Adjust 
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UNIPOLAR INPUT CALIBRATION 
(For Analog Input Range OV to + Full-Scale) 


Apply 

And 

For 

Reference 

Adjust 

“Dither” Between 

+ FSx(1.22x 10~ 4 ) 

Zero 

0 000 000 ooo d 

0 000 000 001 

+ FSx (0.99963) 

Gain 

1 ill ill no 
l in in in 

Table 1. 


If the converter is to be operated in a bipolar mode, refer to 
Table II. 


BIPOLAR INPUT CALIBRATION 
(For Analog Input Range - FSto +FS) 


Apply 

Reference 

And 

Adjust 

For 

“Dither” Between 

-FSx (0.99976) 

Zero 

0 000 ooo ooo « 

ana 

0 000 000 001 

+ FSx (0.99927) 

Gain 

X 111 111 110 md 

1 111 111 111 


Table II. 


Note that Zero Adjust is set using the negative input voltage for 
bipolar operation, while Gain Adjust is calibrated with the positive 
bipolar input. 

USING HAS-1202 WITH TRACK/HOLD 

Figure 3 and Figure 4 illustrate possible combinations of the 
HAS-1202 or HAS-1202A A/D Converter with the HTC-0300A 
Track-and-Hoid amplifier. 

As shown, the upper word rate of the combination will be a 
function of which converter is used. When comparing the 
maximum word rates shown in the Specifications Table and the 
ones shown in the illustrations, there seems to be a disparity in 
encode rate capabilities. 

The word rates shown in Figures 3 and 4, however, are correct 
and are based on “real-life” circuits using a T/H. The T/H 
needs sufficient time to acquire and/or settle to 12-bit accuracy. 
This interval is longer than the conversion time of the HAS-1202, 
and the result is a lower word rate for the combination than that 
which is possible with only the converter. 

Note in Figure 3 that the encode pulse is applied, via an OR 
gate, to the ENCODE COMMAND in put of the HTC-0300A. 
In Figure 4, it is applied directly to the ENCODE COMMAND 
input. 

Circuit layout is extremely critical in using a high-speed converter 
and T/H to accomplish digitizing of analog signals; this is especially 
true with 12-bit systems of the type shown here. 

In this context, “circuit layout” encompasses all of the important 
items which need to be considered. This includes, but is not 
limited to, precautions such as establishing low-impedance 
grounds; careful routing of analog and digital signal paths to 
avoid interference; and keeping all signal paths as short as poss- 
ible. Bypassing of all power supplies is mandatory for best 
performance. 



MODEL 


[ ENCODE PULSE WIDTH {MIN.) 


ENCODE FREQ. (MAX.) 


HAS-1202 I 100ns 

HAS-1202A I 100ns 


322kHz 

552kHz 


Figure 3. 12- Bit A/D Con version System 



WITH 0.1 CERAMIC CAPACITORS CONNECTED 
DIRECTLY TO PIN. 

**t D CAN BE DECREASED (OR REMOVED) BUT MAY 
DEGRADE PERFORMANCE. AMOUNT OF DEGRADATION 
HEAVILY DEPENDENT ON CIRCUIT LAYOUT. 


MODEL 

**t D (MIN.) 

ENCODE PULSE WIDTH (MIN.) 

ENCODE FREQ. (MAX.) 

HAS-1202 

40ns 

250ns 

328kHz 

HAS-1202A 

80ns 

250ns 

560kHz 


Figure 4. 12-Bit A/D Con version System 


For optimum performance in noisy environments, 2k pulldown 
resistors should be connected to Bits 1 through 4. 

ORDERING INFORMATION 

With the exception of conversion rates, the specifications are the 
same for the HAS-1202 and HAS-1202A A/D Converters; both 
units are housed in 32-pin DIP ceramic packages. For metal 
case versions with extended temperature ranges of - 25°C to 
+ 85°C, order model number HAS-1202M or HAS-1202AM. 

For metal case versions with extended temperature ranges of 
- 55°C to + 100°C and military screening, order model number 
HAS-1202MB or HAS-1202AMB. Consult factory for details. 
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□ ANALOG 
DEVICES 


HAS-1204 


Ultrahigh Speed 
12-Bit A/D Converter 


FEATURES 
12-Bit Resolution 
500kHz Word Rates 
Internal Track-and-Hold 
Single 40-Pin DIP 

APPLICATIONS 
Medical Instrumentation 
Radar Systems 
Test Systems 
Waveform Analysis 
Fast Fourier Transforms 


HAS-1204 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The HAS-1204 A/D Converter is a complete 12-bit hybrid A/D 
converter in a single 40-pin metal DIP. In this context, “complete” 
means the unit includes a track-and-hold (T/H) amplifier, encoder, 
and all the necessary timing circuits. It is a remarkable, self-con- 
tained device ready to perform the conversion function without 
the need for external circuits. 

The maximum conversion time of the HAS-1204 is 2.0 micro- 
seconds, including the acquisition time of the internal T/H. The 
large-signal bandwidth of the T/H is 4MHz and the small-signal 


bandwidth is 7MHz. This combination of characteristics assures 
that the HAS-1204 will operate at word rates from dc through 
500kHz, digitizing analog signals containing frequency compo- 
nents to 250kHz with minimum attenuation or distortion. 

Integrating the T/H, encoder, and timing circuits into a single 
package allows optimum matching of T/H-encoder parameters 
to obtain the best possible performance. It also lowers the overall 
power dissipation to 2.85 watts, making the HAS-1204 an ideal 
choice for designers who face space and/or power restrictions for 
their designs. 
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SPECIFICATIONS 


(typical @ + 25°C with nominal power supplies unless otherwise noted) 


Model 

Units 

HAS-1204BM 

HAS-1204SM 

RESOLUTION (FS = Full Scale) 

Bits (%FS) 

12(0.024) 

* 

LSB WEIGHT 




5 V Input Range 

mV 

1.22 

* 

10V Input Range 

mV 

2.44 

★ 

ACCURACY 




Linearity @ dc 

%FS ± 1/2LSB 

0.0125 

it 

Monotonicity 


Guaranteed 

* 

Nonlinearity vs. Temperature 

ppm/°C 

3 

★ 

Gain Error 

%FS (max) 

0.1 (0.7) 

* 

Gain vs. Temperature 

ppm/°C 

35 

* 

DYNAMIC CHARACTERISTICS 




In-Band Harmonics 1 




(dc to 60kHz) 

dB below FS 

75 

★ 

(60kHz to 120kHz) 

dB below FS 

75 

* 

(120kHz to 200kHz) 

dB below FS 

70 

* 

Conversion Rate 

kHz 

500 

★ 

Conversion Time 

p,s,max 

2.0 

* 

Aperture Uncertainty (Jitter) 

ps 

60 

* 

Aperture Time (Delay) 

ns (min/max) 

10(4/18) 

★ 

Signal to Noise Ratio (SNR) 2 

dB 

69 

* 

Transient Response 3 

ns 

400 

★ 

Overvoltage Recovery 4 

ns 

900 

* 

Input Bandwidth 




Small Signal, - 3dB s 

MHz 

7 

★ 

Large Signal, - 3dB 6 

MHz 

4 

★ 

Two-Tone Linearity (@ Input Frequencies) 7 




(37.5kHz; 52.5kHz) 

dB below FS 

85 

it 

ANALOG INPUT 




Voltage Ranges 

V,FS 

Oto - 5; 0 to - 10 

* 



±5; ±2.5 


Overvoltage 

V, max 

2 x FS 

★ 

Impedance 




5 V Ranges 

ft (max) 

1,000 (±10) 

it 

10V Ranges 

ft (max)' 

2,000 (±20) 

* 

Offset 8 




Initial-lOV Input 

mV (max) 

10(60) 

★ 

vs. Temperature (Unipolar) 

FS ppm/°C 

15 

★ 

vs. Temperature (Bipolar) 

FS ppm/°C 

50 

* 

ENCODE COMMAND INPUT 9 




Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 

* 



“1” = +2.4 to +5 

* 

Impedance 

LS TTL Loads 

2 

* 

Rise and Fall Times 

ns, max 

10 

* 

Width 




Min 

ns 

90 

* 

Max 

ns 

160 

★ 

Frequency 

kHz 

dc to 500 

* 

DIGITAL OUTPUT 10 




Format 

Data Bits 

12 Parallel; NRZ 

* 


Data Ready 

1; RZ 

* 

Logic Levels, TTL-Compatible 

V 

“0” = Oto +0.4 

* 



“1”= +2.4 to +5 

* 

Drive 

TTL Loads 

1 Standard 

* 

Coding 




Unipolar Mode 


Complementary 

* 



Binary (CBN) 


Bipolar Mode 


Complementary 

* 



Offset Binary 




(COB) 


POWER REQUIREMENTS 




+ 15V ±0.5V 

mA, max 

76 

* 

-15V ±0.5V 

mA, max 

55 

* 

+ 5V ±0.5V 

mA, max 

177 

★ 

Power Dissipation 11 

W,max 

2.85 

* 

TEMPERATURE RANGE 12 




Operating 

°C 

-25 to +85 

- 55 to 4- 100 

Storage 

°C 

-65 to + 150 

dr 

THERMAL RESISTANCE 13 




Junction to Air, 0 JA 




(Free Air) 

°C/W 

25 

it 

Junction to Case, 0j C 

°c/w 

16 

* 

PACKAGE OPTION 14 




M-40 


HAS-1204BM 

HAS-1204SM 


HAS-1204 PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

40 

ANALOG GROUND 

1 

ENCODE COMMAND 

39 

10V RANGE 

2 

DATA READY 

38 

5V RANGE 

3 

ANALOG GROUND 

37 

GAIN ADJUST 

4 

+ 5V 

36 

-15V 

5 

-15V 

35 

+ 15V 

6 

DIGITAL GROUND 

34 

+ 5V 

7 

BIT 1 (MSB) 

33 

DIGITAL GROUND 

8 

BIT 2 

32 

FACTORY USE ONLY 

9 

BIT 3 

31 

FACTORY USE ONLY 

10 

BIT 4 

30 

-15V 

11 

BIT 5 

29 

BIPOLAR OFFSET 

12 

BIT 6 

28 

D/A OUTPUT 

13 

+ 5V 

27 

ANALOG GROUND 

14 

DIGITAL GROUND 

26 

ANALOG GROUND 

15 

BIT 7 

25 

ANALOG GROUND 

16 

BIT 8 

24 

ANALOG GROUND 

17 

BIT 9 

23 

ANALOG GROUND 

18 

BIT 10 

22 

CLOCK OUT 

19 

BIT 11 

21 

SERIAL OUT 

20 

BIT 12 (LSB) 


NOTES 

‘Specification same as HAS-1204BM 

'In-band harmonics expressed in terms of spurious in-band signals 
generated at 500kHz encode rate at analog input frequencies 
shown in ( ). 

2 RMS signal to rms noise ratio with 50kHz analog input and encode rate of 
500kHz; input signal at - l.OdB. 

3 For full-scale step input, 12-bit accuracy attained in specified time. 

4 Recovers to specified performance in specified time after 2 x FS 
input voltage. 

5 With analog input 40dB below FS. 

6 With FS analog input. (Large-signal bandwidth flat within 0.5dB, 
dc to 1MHz). 

7 Each input frequency applied at a level 7dB below full scale. 

8 Externally adjustable to zero. 

’Transition from dig ital “0” to di gital “1” initiates encoding. 

l0 Use trailing edge of Data Ready pulse to strobe digital outputs into 
external circuits (See Figure 2). 

"Power dissipation shown is at zero input. 

i2 T = Case temperature. 

"Maximum junction temperature = 150°C. 

l4 See Section 14 for package outline information. 

Specifications subject to change without notice. 
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HAS- 1204 


THEORY OF OPERATION/TIMING 

Refer to the block diagram of the HAS-1204. 

Analog input signals to be digitized are applied to either Pin 38 
(5V RANGE) or Pin 39 (10V RANGE), depending upon their 
amplitude. These signals are inputs to the internal track-and-hold 
(T/H) which is normally operating in the “track” mode as a 
buffer amplifier, following all changes in analog as they occur. 

An external strap, shown between Pin 28 and Pin 29, is used if 
operating the converter in the bipolar mode; it is important to 
keep this strap as short as possible. For unipolar operation, 
connect Pin 29 to ground. 

The user determines the point at which the digitizing process is 
to be initiated by controlling the application of the TTL-compatible 
Encode Command pulse. Its positive-going leading edge switches 
the T/H to the “hold” mode of operation, “freezing” the analog 
input signal and beginning the digitizing process. As shown in 
the block diagram, the Encode Command applied to Pin 1 generates 
the required timing signals within the HAS-1204 A/D, making 
it unnecessary to add external circuits. 

The held value of analog input is part of the input to a high-speed 
comparator within the converter. The other input is the analog 
output of the internal high-speed, high-accuracy D/A converter. 
The resulting output of the comparator is applied to the successive 
approximation register (SAR), also controlled by timing signals 
initiated by the encode command. 

Digital outputs are available in both serial and parallel formats, 
as shown in Figure 1, HAS-1204 Timing. 

Times shown in the timing diagram are typica l times, unless 
noted otherwise. In the illustration, the Track/Hold signal is 
internal, not available to the user; it is included to help understand 
the operation of the converter. 


Timing intervals are measured from the leading edge of the 
Encode Command supplied by the user; this makes it easier to 
establish appropriate system timing. 

Note the trailing edge of each clock pulse occurs after its corres- 
ponding serial output information has changed. If the serial 
output of the HAS-1204 converter is the desired signal, the 
trailing edges of clock pulses should be used as the stobes. 

To assure the serial output data are fully established, the user is 
urged to incorporate a delay of approximately 30 nanoseconds 
between the trailing clock edge and the latch. This compensates 
for latch setup time, and slight variations in timing between the 
clock pulses and their associated data. 

The portion of Figure 1 pertaining to Data Ready timing shows 
it returns to the digital “0” state 10 nanoseconds before the 
track-and-hold switches from “hold” to “track”. The trailing 
edge of clock pulse #12 and the “tra ck” transition are time-coinci- 
dent, so this change in Data Ready occurs 10 nanoseconds before 
the trailing edge of the last clock pulse; and at the same time as 
the Bit 12 data change. 

Time coincidence between the change of the Data Ready pulse 
and the a rrival of Bit 12 (LSB) data might seem to preclude 
using the Data Ready pulse as a strobe. De spite that ini tial 
impression, the trailing (falling) edge of the Data Ready is rec- 
ommended for strobing the parallel outputs into external circuits. 
This can be accomplished by using an inverter with a time delay 
(to) of the appropriate amount for the latch which is being 
used, as illustrated in Figure 2. 

The timing relationships discussed above are generated internally 
because the clock pulses* rising edges control the switching. The 
30-nanosecond width of each clock signal helps assure that its 
serial output data are firmly established by the time the clock’s 
trailing edge arrives. 


ENCODE 

COMMAND 


-2.0fis- 


MAX = 160ns 


TRACK/HOLD 

(INTERNAL) 


rf 


-1.55p.s- 


SET-UP , 

pulse 30ns 


READY H 80ns r- 


H 


r 


t TRACK f - " 

TIME = 450ns"*H 


FI FI FI FI 


— |h- 1 


BIT 12 


SERIAL 

OUTPUT 


2 



12 


Figure 1. HAS-1204 Timing 
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10V RANGE 


5V RANGE 



Figure 2. Output Strobe 




A. ADJUST OFFSET CONTROL BEFORE GAIN 
CONTROL. 

B. FOR UNIPOLAR OPERATION, CONNECT 
PIN 29 TO GROUND. 

C. FOR BIPOLAR OPERATION, CONNECT PINS 28 
AND 29 WITH SHORT JUMPER. 


UNIPOLAR 10V RANGE 5V RANGE 

APPLY +1-1/2LSB TO INPUT: -9.9963V -4.9982V 

«iv PIN 39) (<& PIN 38) 

ADJUST FOR BIT 12 "DITHER" IN DIGITAL OUTPUT WORD: 111 111 111 11X 


APPLICATIONS INFORMATION 

Figures 3 and 4 provide needed details on the adjustment of 
controls for setting the amount of offset and gain. 

As noted in both illustrations, the OFFSET control must be set 
first for proper performance of the converter. Since the HAS- 1204 
is capable of operating in either a unipolar or bipolar mode, 
OFFSET ADJUST and GAIN ADJUST include information 
for both. 



NOTES 

A. ADJUST OFFSET CONTROL BEFORE GAIN 
CONTROL. 

B. FOR UNIPOLAR OPERATION, CONNECT 
PIN 29 TO GROUND. 

C. FOR BIPOLAR OPERATION, CONNECT PINS 28 
AND 29 WITH SHORT JUMPER. 


UNIPOLAR 10V RANGE 5V RANGE 

APPLY -1/2LS8 TO INPUT: -1.2mV -0.6mV 

(Cm PIN 39) (Co PIN 38) 

ADJUST FOR BIT 12 "DITHER" IN DIGITAL OUTPUT WORD: 000 000 000 00X 


BIPOLAR 10V RANGE 5V RANGE 

APPLY — + n -1/2LSB TO INPUT: -4.9963V -2.4982V 

2 (C®PIN39) ((&PIN38) 

ADJUST FOR BIT 12 "DITHER" IN DIGITAL OUTPUT WORD: 111 111 111 11X 

Figure 4. Gain Adust 

However, careful adjustment of available controls is not the only 
way to help assure optimum performance. Like all high-speed, 
high-resolution components, the HAS- 1204 is also sensitive to 
layout constraints. The use of a large, low-impedance ground 
plane is imperative. 

In addition, bypass capacitors on the power supply leads are 
recommended. For most applications, electrolytic capacitors of 
10-22 microfarads in parallel with ceramic capacitors of 0.01 (xF 
to 0.1 ^F will enhance the converter’s effectiveness. These should 
be connected as closely as possible to the power supply pins 
entering the hybrid. 

To prevent cross-coupling of analog and digital signals which 
may “mask” lower-order bits, analog and digital signal paths 
should be physically separated as much as possible. The user is 
urged to pay careful attention to both electrical and mechanical 
design to obtain best results. 


BIPOLAR 10V RANGE SV RANGE 

Apply MNGE _i /2 LSB TO INPUT: +4.9988V + 2.4994V 

2 (<?i PIN 39) ((u PIN 38) 

ADJUST FOR BIT 12 "DITHER" IN DIGITAL OUTPUT WORD: 000 000 000 00X 


Figure 3. Offset Adjust 


ORDERING INFORMATION 

Two versions of HAS- 1204 A/D Converters are available as 
standard products; both are housed in 40-pin hermetically-sealed 
metal packages. With the exception of operating temperatures, 
the specifications are the same for both units. For a temperature 
range of -25°C to -f85°C, specify the model HAS-1204BM; for 
a range of - 55°C to + 100°C, order model number HAS-1204SM. 
Units screened to military requirements are also available; contact 
the factory for details. 
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ANALOG 

DEVICES 



14-Bit, 125kHz 
Analog-to-Digital Converter 


HAS-1409 


FEATURES 
14-Bit Resolution 
125kHz Word Rates 
Internal Track-and-Hold 
40-Pin DIP 

APPLICATIONS 

FDM/TDM Transmultiplexors 

CAT/NMR Scanners 

PCM Systems 

Digital Audio 

General Instrumentation 


HAS-1409 FUNCTIONAL BLOCK DIAGRAM 



I i 


GENERAL DESCRIPTION 

The HAS-1409KM, HAS-1409LM, and HAS- 1409 AKM hybrid 
A/D converters offer designers performance characteristics which 
have never before been available. 

Now, for the first time, high resolution and high speed come 
together in a hybrid package which includes an internal track-and- 
hold. The HAS-1409 units have resolutions of 14 bits, are capable 
of word rates up to 125kHz, and are complete with track-and-hold; 
all of these features are housed in a single 40-pin DIP package 
which dissipates only two watts. 

The HAS-1409KM and HAS-1409LM both include internal 
clocks, which allow the converters to be operated at any word 
rate from dc through 120kHz; the HAS-1409AKM is designed 
for applications which use an external system clock whose fre- 
quency establishes the user’s optimum word rate, up to 
125kHz. 

The HAS-1409 A/D has been characterized with a companion 
D/A converter, the HDD-1409KM, to emphasize the superior 
ac performance needed for use in Frequency Division Multiplex/ 
Time Division Multiplex (FDM/TDM) transmultiplexer systems. 
Although specifically designed for these kinds of applications, it 
can also be used for other digital signal processing such as Computer 
Aided Tomography (CAT) and Nuclear Magnetic Resonance 
(NMR) scanners, and Pulse Code Modulation (PCM). 

Conventional data converters often display errors at midscale 
which make them inadequate for use in the types of systems 
cited above. The unique Digitally Corrected Subranging technique 
pioneered by Analog Devices, used with other proprietary tech- 
niques, virtually cancels midscale errors in the HAS-1409, thereby 
eliminating a major source of system errors. 



lOdB/div Vertical; 5kHz/div Horizontal 
Spectrum analyzer shows extremely low 
intermodulation (IM) products of 
back-to-back HAS- 1409 A/D and HDD- 1409 D/A 


The logic outputs are TTL-compatible and are presented as 14 
bits of parallel data. Buffer output registers and a 3-state format 
provide dual advantages of good drive and bus compatibility. 
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SPECIFICATIONS 


(typical @ + 25°C with nominal power supplies unless otherwise noted) 


Model 

Units 

HAS-1409KM 

HAS-1409AKM 

HAS-1409LM 

RESOLUTION (FS = Full Scale) 

Bits(%FS) 

14(0.006) 

★ 

* 

LSB WEIGHT 

pV 

6 1 0 or 1 22 1 , depending on input range 

* 

★ 

ACCURACY 





Linearity @ dc 

%FS ± 1/2LSB 

0.006 

it 

* 

Monotonicity 

°C 

Guaranteed 0 to + 85 

* 

★ 

Nonlinearity vs. Temperature 

ppm/°C 

5 

★ 

* 

Gain Error 

%FS 

I 

★ 

it 

Gain vs. Temperature 

ppm/°C 

20 

* 

* 

DYNAMIC CHARACTERISTICS 1 





Harmonics 2 

dB 

-100 

★ 

-80 

Intermodulation Products 2 

dB 

-100 

* 

-90 

Conversion Rate 

kHz 

1 20 ( 1 12 guaranteed) 

125 3 

120 (112 guaranteed) 

Aperture Time (Delay) 

ns 

50 

★ 

it 

Signal to Noise Ratio (SNR) 4 

dB 

80 

★ 

it 

Noise Power Ratio (NPR) 5 

dB 

68 

* 

65 

T ransient Response 6 

M'S 

8 

★ 

2 

Overvoltage Recovery 

ps 

8 

* 

6 

Input Bandwidth 





Small Signal, 3dB 8 

kHz 

200 

* 

800 

Large Signal, 3dB 9 

kHz 

200 

* 

300 

Idle Noise/kHz 10 

dB 

-104 

* 

* 

ANALOG INPUT 





Voltage Ranges 

\r co 

±5; ±10 

* 

★ 

Overvoltage 

V,max 

±20 

* 

★ 

Input Type 


Bipolar 

* 

★ 

Impedance 

kO 

5; 10 

* 

★ 

Offset 





Initial-Set at Factory 

mV (max) 

2(10) 

★ 

* 

vs. Temperature 

pV/°C 

100 

* 

* 

ENCODE COMMAND INPUT 11 





Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 

it 

* 



“1”= +2.4to +5 

it 

★ 

Impedance 

TTL Loads 

1 

it 

★ 

Width 





Min 

ns 

50 

1 Clock 

* 

Max 

ns 

T-50 12 

Period 

* 

Frequency 

kHz 

dcto 125 

Synchronous to 

* 




External Clock 


CLOCK INPUT 





Logic Levels, TTL-Compatible 

V 






N/A 

“0” = 0to +0.4 

N/A 



N/A 

“1”= +2.4 to +5 

N/A 

Impedance 

TTL Loads 

N/A 

2 

N/A 

Frequency 13 

MHz, max 

N/A 

4.5 

N/A 

DIGITAL OUTPUT 





Format 

Bits 

14 Parallel; 3 State 

★ 

it 

Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 

★ 

* 



“1”= +2.4 to +5 

* 

* 

Drive 

TTL Loads 

5 

★ 

★ 

Time Skew 

ns, max 

20 

★ 

* 

Coding 


Offset Binary (MSB); 

it 

★ 



2’s Complement (MSB) 

* 

it 

POWER REQUIREMENTS 





+ 15V ±5% 

mA 

20 

* 

* 

-15V ±5% 

mA 

40 

♦ 

★ 

+ 5V ±5% 

mA 

220 

200 

* 

Power Dissipation 

W (max) 

2.0 (2.4) 

1.8 (2.2) 

* 

TEMPERATURE RANGE 14 





Operating 

°C 

-25 to + 85 

★ 

it 

Storage 

°C 

— 55to + 150 

★ 

it 

THERMAL RESISTANCE 15 





Junction to Air, 0 JA 





(Free Air) 

°C/W 

25 

★ 

* 

Junction to Case, 0 JC 

°c/w 

16 

* 

* 

MEAN TIME BETWEEN FAILURES 16 





(MTBF) 

Hours 

4.15 X10 4 

* 

* 

PACKAGE OPTION 17 





M-40 


HAS-1409KM 

HAS-1409AKM 

HAS-1409LM 


For applications assistance, phone Computer Labs Division at (919) 668-95 1 1 


NOTES 

'AC performance characteristics are based on back-to-back performance with HDD-1409 D/A Converter. All 
signals are referenced to rms value of full-scale sinewave. 

2 Harmonics and intermodulation products measured at 1 12kHz encode rate, with input frequencies of 
86.5kHz and 91kHz at - 21dB (see Figure 5). 

Requires external clock. 

^Full-scale signal to rms noise with 10kHz analog input frequency and encode rate of 112kHz; input signal 
at -6dB. 

s 60kHz to 108kHz white noise bandwidth with slot frequency of 70kHz; and encode rate of 112kHz (see 
Figure 6). 

‘For full-scale 10-volt input, ± 1LSB attained in specified time. 

7 Recovers to 14-bit accuracy in specified time after 2 x FS input overvoltage. 

®With analog input 40dB below FS. 


’With FS analog input. (Large-signal bandwidth flat within 0.5dB, dc to 100kHz). 

10 Idle noise measured at 112kHz encode rate, with input frequency of 84kHz at -41dB (see Figure 7). 
n HAS-1409KM has pin-selectable positive- or negative-edge triggering. HAS-1409AKM requires negative 
pulse synchronized to rising clock edge. 

12 T = Encode Command clock period. 

1 ’Clock frequency shown based on typically using 50% duty cycle and 36:1 division of external clock. 
“Case Temperature. 

’’Maximum junction temperature = 150°C 

“Calculated for using MIL-HDBK 217; Ground Benign; Case Temperature = 60°C. 

17 See Section 14 for package outline information. 

‘Specifications same as HAS-1409KM. 

Specifications subject to change without notice. 
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Theory of Operation - HAS-1409 

CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! 

^^^^^^^SENSITIVE DEVICE 


HAS-1409 PIN DESIGNATION 


PIN 

FUNCTION (ALL) 

PIN 

FUNCTION (AKM) 

PIN 

FUNCTION (KM &LM) 

1 

± 10V INPUT 

21 

DIGITAL GROUND 

21 

DIGITALGROUND 

2 

±5V INPUT 

22 

BIT 1 (MSB) 

22 

BIT 1 (MSB) 

3 

ANALOG GROUND 

23 

BIT 1 (MSB) 

23 

BIT 1 (MSB) 

4 

DIGITAL GROUND 

24 

BiT2 

24 

BIT 2 

5 

+ 5V 

25 

BIT 3 

25 

BIT 3 

6 

+ 5V 

26 

BIT 4 

26 

BIT 4 

7 

N/C 

27 

BIT 5 

27 

BIT 5 

8 

N/C 

28 

BIT 6 

28 

BiT6 

9 

+ 5V 

29 

ENABLE HIGH (MSBs) 

29 

ENABLE HIGH (MSBs) 

10 

DIGITAL GROUND 

30 

CLOCK 

30 

ENCODE 

11 

ENABLE LOW (LSBs) 

31 

ENCODE 

31 

ENCODE 

12 

BIT 14(LSB) 

32 

+ 5V 

32 

+ 5V 

13 

BiTT3 

33 

DIGITALGROUND 

33 

DIGITALGROUND 

14 

Blfi2 

34 

-15V 

34 

-15V 

15 

BIT 11 

35 

+ 15V 

35 

+ 15V 

16 

BIT 10 

36 

DIGITALGROUND 

36 

DIGITALGROUND 

17 

IFfl 

37 

ANALOG GROUND 

37 

ANALOG GROUND 

18 

BiT8 

38 

ANALOG GROUND 

38 

ANALOG GROUND 

19 

BIT 7 

39 

+ 5V 

39 

+ 5V 

20 

DIGITAL GROUND 

40 

ANALOG GROUND 

40 

ANALOG GROUND 


ALL +5V PINS ARE CONNECTED TOGETHER INTERNALLY (5,6,9.32,39). MUST ALSO BE 
CONNECTED TOGETHER EXTERNALLY CLOSE TO CASE, 

ALL ANALOG GROUND PINS ARE CONNECTED TOGETHER INTERNALLY (3, 37, 38,40). 

ALL DIGITAL GROUND PINS ARE CONNECTED TOGETHER INTERNALLY (4. 10, 20, 21, 33, 36). 

FOR BEST PERFORMANCE, ANALOG G ROUN D AND DIGITAL GROUND PINS MUST ALL BE 
CONNECTED TOGETHER AND TO GROUND EXTERNALLY AS CLOSE TO THE CASE AS POSSIBLE. 


HAS-1409KM/HAS-1409AKM TIMING 

Refer to the block diagram of the HAS- 1409 ARM A/D 
converter. 

In the HAS-1409KM, and HAS-1409LM, signals applied to the 
timing circuits will be different from those shown. For them, 
these signals will be ENCODE or ENCODE. 

In all units, the analog input to be digitized is applied first to a 
track-and-hold (T/H) circuit, which is normally in “track”, 
following all changes in analog as they occur since the T/H is 
operating as a buffer amplifier. 

Refer to Figure 1, the timing diagram for the HAS-1409KM 
and HAS-1409LM A/D converters. 


MIN WIDTH = 50ns 

MAX WIDTH = T -50ns 

(T= ENCODE CLOCK PERIOD) 


ENCODE 

J PULSE #1 | j 

1 PULSE #2 1 

1 1 L 

(ENCODE 

GROUNDED) 

|-^ 8fis ± 0.8|iS 


-«« 8fiS ± 0.8(1$ 


(ENCODE 

] PULSE #1 

1 

| PULSE # 2 j 


i r 

TO +5V) 

1 ? s+og s 

! 





' 8,18 ± ° 8tlS 


OHJ _ 0 

Bjxs 


DATA 

OUTPUT 

1 

1 DATA VALID \ 

S (PULSE #1) J 

DATA VALID 
(PULSE #2) 


Figure 1. HAS- 1409KM and HAS- 1409LMA/D Timing 
Diagram 
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The user determines the point at which digitizing is to be done 
by applying an external TTL-compatible signal to the timing 
circuits; this causes the T/H to switch from the “track” mode to 
the “hold” mode. In the HAS-1409KM and HAS-1409LM, this 
“track” to “hold” transition can be accomplished with either 
positive triggering or negative triggering. As shown, positive-edg e 
triggering is done with an ENCODE command and ENCODE 
connect ed to groun d. Negative-edge triggering is accomplished 
with an ENCODE signal and ENCODE connected to + 5V. 

The HAS-1409KM and HAS-1409LM return to “track” auto- 
matically approximately 5|xs after the encode command. 

Output data will be valid after a nominal delay of 8|xs from the 
leading edge of the encode command. Strobing the output data 
into external circuits might best be accomplished by using a 
square-wave signal for the encode command and using its negative- 
going trailing edge as a time reference for the strobing action. 
Output data will not yet be valid when that trailing edge occurs, 
but the edge can be used as a known reference point for measuring 
the 8fxs conversion time. 

Internal timing circuits within the HAS-1409 generate the nec- 
essary control and timing pulses to operate the unit at a word 
rate of 112kHz. This rate is based on: 

KM/LM: The internal clocks are adjusted at the factory 
for this conversion rate. 

AKM: The HAS-1409AKM divides the external clock 
frequency of 4.032MHz by a factor of 36:1 and 
provides 14 bits of parallel data at the 1 12kHz 
word rate established by this ratio. The 112kHz 
cited in this example is the minimum guaranteed 
word rate of the HAS-1409, and is a sample rate 
commonly used in transmultiplexer applications. 

(See FDM/TDM Transmultiplexers section of 
data sheet). 

Figure 2 shows the timing relationship of the HAS-1409AKM 
A/D converter signals when the converter is being operated 
from an external clock. 

CLOCK PULSE #1 CLOCK PULSE #37 

I i 



Figure 2. HAS-1409AKM A/D Timing Diagram (External 
Clock Operating at 4. 032 MHz) 

As shown, the leading edge of the negative-going ENCODE 
pulse supplied by the user should occur from 0 to 100ns after 
the leading edge of the clock pulse which is shown (for purposes 
of illustrating timing relationships) as Clock Pulse #1. The 
trailing edge of this pulse should occur from 0 to 100ns after the 
leading edge of the next clock pulse (designated here as Clock 
Pulse #2). 


The outpu t data associated with the preceding clock pulse and 
ENCODE pulse will be valid within 200ns of the leading edge 
of Clock Pulse #1. Data associated with Clock Pulse #1 will be 
valid within 200ns of the leading edge of Clock Pulse #37. 

When the HAS- 1409 A KM is ope rated from a 4.032MHz clock, 
the trailing edge of the ENCODE pulse could be used to determine 
when the output data will be strobed into external circuits. 

The ENCODE pulse is used to insure output data will remain 
in synchro nization wit h the clock pulses. Using the leading edge 
of the first ENCODE as a reference, the HAS-1409AKM goes 
into “track” after 21 clock pulses (on Clock Pulse #22); and 
goes into “hold” after 34 clocks (Clock Pulse #35). 

THEORY OF OPERATION 

With the exception of the difference in input signals applied to 
the timing circuits, all converters operate in essentially the same 
way. 

Referring again to the block diagram, the timing circuits “freeze” 
the analog signal at the output of the track-and-hold. This held 
value is applied to an A/D converter in the HAS-1409, and the 
same value is applied to one input of a difference amplifier. 

The output of the internal A/D converter is digitized and applied 
to a D/A converter which is 14-bit accurate and optimized for ac 
applications; the A/D output is also applied to correction logic 
circuits. 

The D/A output is applied to the second input of the difference 
amplifier, which generates an error signal indicative of the dif- 
ference between the “held” analog input and a digital represen- 
tation of that signal. This residue signal is then converted and is 
also applied to the digital correction circuits. 

The correction circuits combine the two bytes to compensate for 
nonlinearities and other circuit errors. Basically, the information 
contained in the second byte is used as the Least Significant 
Bits (LSBs) and determines what corrective action is needed for 
the first byte (the MSBs) to insure its accuracy. 

APPLICATIONS/TESTING 

For FDM/TDM applications, the analog input frequency applied 
to the HAS-1409 will be in the frequency band of 60-108kHz; 
the combined HAS- 1409/HDD- 1409 performance parameters 
have been optimized for this use. 

Refer to Figure 3 HAS-1409 Basic Interface. 



Figure 3. HAS- 1409 Basic Interface 

As shown, the anlog input is applied to Pin 1 or Pin 2, depending 
on the amplitude o f the signal to be digitized. A TTL-compatible 
pulse is applied as ENCODE; and another TTL-compatible 
signal is applied as the clock. As indicated earlier in the timing 
diagram, these signals must be synchronous. 

The ENABLE HIGH and ENABLE LOW signals applied to 
Pins 29 and 1 1 control the state of the digital outputs. The 
TTL ENABLE HIGH signal affec ts BIT 1 (MSB), Bit 1 (MSB), 
and Bits 2-6; the ENAB LE LOW affects Bits 7-14. When 
ENABLE HIGH and/or ENABLE LOW inputs are connected 
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to ground or logical “0”, their corresponding bit outputs will be 
present. When they are connected to a logical “1” voltage, their 
associated bit outputs will be open. 

The 3-state TTL digital output signals will be available at Pins 
12-19 and Pins 22-28. Pins 34 and 35 are used for -15V and 
+ 15V supplies; + 5V is applied to several places-Pins 5, 6, 9, 
32, and 39 (all pins should be connected). All three supplies 
should be bypassed as close as possible to the hybrid case. For 
best performance, all ANALOG GROUND and DIGITAL 
GROUND pins must be connected together and to ground ex- 
ternally; this should also be done close to the case. 

Refer to Figure 4 Basic Test Setup. 



Figure 4. Basic Test Setup 


The HAS- 1409 A/D converter has been characterized for per- 
formance in a back-to-back hook-up with the HDD- 1409 D/A 
converter. The analog signal to be digitized and reconstructed is 
applied to this test arrangement through a bandpass filter of 
60kHz- 108kHz; the resulting analog output is also passed through 
the same kind of filter. 

CLOCK and ENCODE signals are generated in synchronization 
with one another and are timed for correct interaction with the 
STROBE and GATE signals applied to the D/A. Because of the 
back-to-back configuration of the two converters, the performance 
tests are indicative of the baseline characteristics of both units. 

Refer to Figure 5 Intermodulation (Total Harmonic) Distortion 
Test Circuit. 



Figure 5. Intermodulation (Total Harmonic) Distortion Test 
Circuit 

Harmonics levels and intermodulation (IM) products are measured 
in the same way to assure optimum performance in FDM/TDM 
system applications. The purpose of the testing is to insure that 
“beat” frequencies generated by the interaction of two signals 
are sufficiently suppressed to avoid interfering with the carrier 
frequencies and masking their information contents. 

In these tests, the HAS- 1409 is operated at a 112kHz word rate, 
established by the external 4.032MHz clock. Two pure sinewave 
signals at frequencies of 91kHz and 86.5kHz are applied to a 


summation amplifier at precise levels 21dB below the rms value 
of a full-scale sinewave. 

These particular input frequencies are selected on the basis that 
their interaction with one another will generate second and 
third-order harmonics and IM products which are easily distin- 
guished and measurable. As in any sampling scheme, these 
signals are “folded” back into the passband of interest and their 
amplitudes are a measure of A/D and D/A performance. 

The output of the summation amplifier is applied through the 
60-108kHz filter, digitized, reconstructed, and refiltered. Typi- 
cally, the levels of harmonics and intermodulation products are 
- lOOdB. 

Refer to Figure 6 Noise Power Ratio Test Circuit. 



Figure 6. Noise Power Ratio Test Circuit 

Noise Power Ratio (NPR) is a critical measure of A/D and D/A 
performance for FDM/TDM systems and the method of measuring 
this ratio must replicate the conditions which are present when 
the units are operating as a part of those systems. In this test, 
also, the HAS- 1409 is operating at 112kHz word rates. 

White noise in the frequency band of 60kHz to 108kHz is applied 
to the A/D, and the total power which is present in a narrow 
“slot” at a frequency of 70kHz is computed. A narrow bandstop 
filter whose center frequency is 70kHz is then switched in, and 
the total power remaining in the “slot” is computed. The ratio 
of these two readings is the NPR and the result for the HAS- 1409 
is typically 68dB. CAUTION: The high-performance character- 
istics of the HAS- 1409 stress the measurement capabilities of 
most NPR test sets. 

Refer to Figure 7 Idle Noise Test Circuit. In this test, a spectrally- 
pure sinewave of 84kHz is applied through a filter to the HAS- 1409/ 
HDD- 1409 combination at a level of -41dB. An encode rate of 
112kHz is used; the combination of input frequency and encode 
rate cancels all harmonics, leaving only the fundamental input 
frequency and noise components. 



Figure 7 . Idle Noise Test Circuit 

The results of digitizing and reconstructing this signal are examined 
with a spectrum analyzer to determine the level of noise compo- 
nents contributed by the converters. Acceptable performance 
will show average idle noise components to be at - 104dB when 
using a lkHz-resolution filter. 
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FDM/TDM TRANSMULTIPLEXERS 

There are two standard formats used in telephony for multiplexing 
voice signals. The older of the two, frequency division multiplex 
(FDM), is used throughout the world for transmitting long 
distance telephone calls. In this scheme, voiceband signals are 
“stacked” into adjacent 4kHz channels in their assigned frequency 
domain by using single sideband (SSB) amplitude modulation. 

Standard FDM hierarchy assembles twelve of these 4kHz channels 
into units called “groups”, and then assembles five groups (60 
channels) into “supergroups.” The frequencies of group bands 
range from 60kHz to 108kHz, and the supergroup bands have 
center frequencies between 312kHz and 552kHz. 

In the newer time division multiplex, or TDM, each voice signal 
is digitized using pulse code modulation (PCM), at an 8kHz 
sample rate. The resulting pulse streams are then interleaved in 
time and transmitted. 


The assembly of time slots (channels) for TDM is not as universal 
as it is for FDM. In North America and Japan, the basic unit is 
24 time slots, all of which are available to users. In Western 
Europe, the basic unit is 32 time slots; 30 are active, one is for 
signaling, and one is for framing. 

TDM processing is growing at a rapid pace because the voice 
signals have good fidelity, and the hardware which is used benefits 
from the economics of lower and lower prices for digital integrated 
circuits. 

Digital toll switching offices were first installed in the United 
States in the latter part of the 1970s. One of the major characteristics 
of these types of telephone offices is that they switch signals 
exclusively in the TDM format within the office. But their need 
to operate also with the older FDM format means all incoming 
and outgoing signals must be converted to and from digital 
form. 

The interface between the two standard signal multiplexing 
formats used to make this conversion is the FDM/TDM trans- 
multiplexer system. The translation from one format to the 
other can be accomplished with conventional analog and digital 
techniques by demultiplexing signals in one format down to 
baseband, and remultiplexing them again into the other format. 

Digital signal processing (DSP) for the interface is attractive, 
however. The frequency ranges of the signals which are involved 
make efficient use of available technology; and the stringent 
interface specifications benefit from the inherent precision of a 
digital approach. Since the problem is well defined, digital 
techniques are distinctly viable solutions. An example of these 
techniques is shown in Figure 8. 



TDM 

SIGNAL 


FDM 

SIGNAL 


Figure 8. Digital FDM/TDM Translation 
Undesirable out-of-band components are removed from the 
FDM signal by the analog filter. The output of the filter is then 
applied to the HAS- 1409 A/D converter whose output is a digital 
word stream. The individual channels within this stream are 


separated via a real-time processing algorithm in the block labeled 
Digital Processor. The resulting signal is now in the TDM 
format for switching and/or transmitting. 

The lower portion of Figure 8 depicts the process of going from 
TDM to FDM, using the HDD- 1409 D/A converter, in a pro- 
cedure which is basically an inverse operation. The exception is 
the analog filter, which performs essentially the same function 
in both directions. 

Interfacing FDM and TDM occurs at two different levels. In 
North America and Japan, this translation takes place between 
two 12-channel group bands and a 24-channel TDM unit. In 
Europe, it is between a 60-channel supergroup and two 30-channel 
European TDM units. 

Theoretically, the minimum word rate for the HAS- 1409 A/D is 
equal to twice the bandwidth of the FDM group signal; that 
signal, in turn, is equal to the word rate of the TDM signal, 
i.e., 96kHz for the group band. 

This minimum rate falls into the passband of interest because 
group frequencies occupy the band from 60kHz to 108kHz; as a 
consequence, the theoretical minimum rate would severely com- 
plicate the processing algorithm and introduce aliasing errors 
into the signal. 

Operating at a conversion rate near this minimum is desirable, 
however, because the cost of the A/D and D/A converters increases 
as their word rates increase. In addition, a sampling rate which 
is an even multiple of the basic 8kHz PCM frequency simplifies 
the algorithm. 

Since any sampling rate between the (108kHz) upper band and 
two times the 60kHz lower band (120kHz) will suffice, the 
HAS- 1409 A/D converter is operated at 112kHz. 

This rate provides the benefits enumerated above and prevents 
overlapping between channels caused by aliasing. A conversion 
rate of 112kHz also supplies a guard band of 8kHz between 
signal images; that guard band reduces the complexity of the 
analog reconstruction filter. 

Computer Labs Division of Analog Devices uses this 1 12kHz 
word rate when testing the performance of the HAS- 1409 A/D 
and HDD- 1409 D/A converters back-to-back to help assure test 
conditions are a good replication of the operating conditions. 

For some of the testing, the word rate interacts with the analog 
input frequencies to provide additional insight into performance. 
Harmonics tests and intermodulation products tests are 
examples. 

Another is the test for idle noise, the sum of various noise spectra 
not influenced by modulation. Thermal noise, oscillator shot 
noise, baseband amplifier noise, and other sources are examples. 
Their sum is measured on a power basis because of their uncor- 
related nature. 

In the test, the input frequency is a spectrally-pure 84kHz. The 
combination of input frequency and encode rate cancels all 
harmonics, leaving only the fundamental frequency and the idle 
noise components. 

Evaluating the amount of idle noise generated by the converters 
helps evaluate their nonlinear distortion, without rigorously 
testing for that characteristic. In transmultiplexer systems, the 
converters are the only important sources of this distortion, but 
converters which meet requirements for idle noise easily meet 
requirements for nonlinearity. 
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ANALOG 

DEVICES 


12-Bit Video 
Ana log-to- D igital Converter 



FEATURES 

12 Bits @ 5MHz Word Rate 
One-27 Sq. In. PC Board 

Built-In Track-and-Hold — 25ps Aperture Uncertainty 
15MHz Analog Input Bandwidth 
TTL Compatible 

Low (13-Watt) Power Dissipation 
Signal-to-Noise Ratio Greater Than 66dB 
Noise Power Ratio Greater Than 56dB 
Completely Repairable 

APPLICATIONS 
Radar Digitizing 
Digital Communications 
Real Time Spectrum Analysis 
Signature Analysis 


MOD-1205 FUNCTIONAL BLOCK DIAGRAM 




NOTE: WITH PIN 30 OPEN, ANALOG INPUT IMPEDANCE IS 40012. WITH PIN 30 
GROUNDED, ANALOG IMPEDANCE IS 50J2. 


GENERAL DESCRIPTION 

Analog Devices’ model MOD-1205 is a very high-speed A/D 
converter capable of digitizing video input signals to 12-bit 
accuracy at random or periodic word rates of dc through 
5MHz. The MOD-1205 is truly a breakthrough in high-speed 
A/D technology. It utilizes the latest state-of-the-art conver- 
sion technique called digital correcting subranging (DCS) to 
effectively eliminate errors normally associated with sub- 
ranging type ADCs. It is the most cost effective A/D in this 
speed category, combining small size and low power dissipation 
with low cost. 

The MOD-1205 is constructed on a single printed circuit card 
which is intended for mounting on a system mother board and 
occupies only 27 square inches. Within this A/D is the required 
sample/track-and-hold amplifier, encoder, timing circuits and 
output latches for a true simultaneous, all-parallel digital output. 


The encode command input and digital outputs are TTL com- 
patible. The A/D requires only an external encode command 
pulse and external power supplies for operation. NO external 
parts are required. Gain and offset potentiometers are pro- 
vided on the card. The A/D is fully repairable either at the 
factory or in the field. 

The MOD-1205 is ideally suited for systems requiring the ul- 
timate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications, spectrum 
analysis, and many others. Each MOD-1205 is backed by 
Analog Devices’ limited one year warranty. 
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(typical @ +25°C with nominal power supplies unless otherwise noted) 


MODEL MOD-1205 


RESOLUTION (FS = FULL SCALE) 

12 Bits (0.024% FS) 

LSB WEIGHT 

lmV 

ACCURACY (INCLUDING LINEARITY) @ DC 

±0.0125% Full Scale ±1/2LSB 

Monotonicity 

Guaranteed (0 to +70°C) 

Nonlinearity vs. Temperature 

0.005% of FS/°C, max 

Gain vs. Temperature 

0.01% of FS/°C, type; 0.03% of FS/°C, max 

DYNAMIC CHARACTERISTICS 

AC Linearity 1 (dc to 1MHz) 

Spurious Signals >70dB below FS, max 

(1MHz to 2.5MHz) 

Spurious Signals >65dB below FS, max; >68dB, typ 

Conversion Time 

See Text and Timing Diagram 

Conversion Rate (Word Rate) 

5MHz 

Aperture Uncertainty (Jitter) 

±25ps max 

Aperture Time 

30ns (±10ns from unit to unit) 

Signal to Noise Ratio 2 

66dB min; 68dB, typ 

Noise Power Ratio 3 

56dB min, 58dB typ 

Transient Response 4 

12-Bit (0.0125%) Accuracy within 200ns 

Overvoltage Recovery Time 5 

200ns 

Input Bandwidth (small signal, 3dB) 

15MHz min 

Input Bandwidth (large signal, 3dB) 

10MHz min; flat within ±0.1dB, dc through 5MHz 

ANALOG INPUT 

Voltage Range 

±2. 048V FS 

Impedance 

±4V Absolute max 

400Q with pin 30 open, 50Q with pin 30 grounded 

Offset Voltage 

Adjust to 0 with On Board Potentiometer 

Offset vs. Temperature 

0.02% FS/°C, type; 0.05% of FS/°C, max 

Bias Current 

InA max 

ENCODE COMMAND INPUT 

Logic Levels, TTL Compatible 

“0” = 0 to +0.4V 

Logic Loading 

“1” = +2.4 V to +5V 

2 Standard TTL Gates 

Rise and Fall Times 

10ns max 

Duration min/max 

2 5 ns/ 50% of Duty Cycle 

Frequency (Random or Periodic) 6 

5MHz 

DIGITAL DATA OUTPUT 

Format 

12 Parallel Bits, NRZ 

Logic Levels, TTL Compatible 

“0” = 0 to +0.4V 

Drive (Not Short Circuit Protected) 

“1” = +2.4V to +5V 

Up to 1 Schottky TTL or 

Time Skew 

2 Standard TTL Loads 

10ns max 

Coding 

Offset Binary (OBN) or 2’s complement (2SC) 

Conversion Time 

See Text on the Next Page 

POWER REQUIREMENTS 6 

+15V ±5% 

200mA 

-15V ±5% 

150mA 

-6V ±4% 

700mA 

+5V ±5% 

800mA 

Power Consumption 

13 Watts 

TEMPERATURE RANGE 

Operating 

0 to +70° C 

Storage 

-55°C to +85°C 

Cooling Requirements 

500 Linear Feet Per Min (LFPM) @ +70°C 

PHYSICAL CHARACTERISTICS 

Construction 

Single Printed Circuit Card 


NOTES: 

1 AC linearity expressed in terms of spurious in-band signals generated at specified encode 
rates at analog input frequencies ( ). 

2 rms signal to rms noise at 500kHz analog input. 

3 dc to 2.4MHz white noise bandwidth with slot frequency of 512kHz. 

4 For full-scale step input, attains 12-bit accuracy in time specified. 

5 Recovers to 12-bit accuracy after 2 X FS input overvoltage in time specified. 

6 For operation at word rates below 500kHz, consult factory. 

Specifications subject to change without notice. 
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PIN FUNCTION 

1 ENCODE COMMAND 

2 GND* 

3 +5V 

4 GND* 

5 GND* 

6 -6V 

7 -6V 

8 BiTI 

'9 BIT 1 (MSB) 

10 BIT 2 


PIN 

FUNCTION 

17 

BIT 9 

18 

BIT 10 

19 

BIT 11 

20 

BIT 12 (LSB) 

21 

+15V 

22 

-15V 

23 

GND* 

24 

GND* 

25 

GND* 

26 

+5V 

27 

-6V 

28 

GND* 

29 

GND* 

30 

TERMINATION 

31 

GND* 

32 

ANALOG INPUT 


ANALOG ^32 
INPUT 

ANALOG -J1 
GROUND 


ENCODE 
COMMAND -1 
INPUT 



Pin Designations 


I 4, 5, 23-25 [21 [22 [3726 [6,7,27 

628,29 6 6 6 6 

GROUND +15V -15V +5V -6V 

NOTE: WITH PIN 30 OPEN, ANALOG INPUT IMPEDANCE IS 400ft. WITH PIN 30 
GROUNDED, ANALOG IMPEDANCE IS 50ft. 


MOD-1205 Biock Diagram 


ORDERING INFORMATION 

Order model number MOD-1205 A/D converter. Mating pin 
sockets for the MOD-1205 are model number MSB-2 (32 
required per A/D). 

CONVERSION TIME 

Output data is valid two encode command clock periods plus 
275ns ±2 5ns after application of an initial encode command 
pulse. Due to the pipeline delay effect of the A/D, a total of 


three encode command pulses are required to shift the data to 
the output of the A/D. For example, with a 5MHz encode rate, 
data is valid 675ns ±25ns after the application of the first en- 
code command pulse— assuming that two pulses occur after 
the first. 

Use of the trailing edge of the encode command is recom- 
mended for strobing output data into external register (see 
Figure 1). 


ENCODE 

COMMAND* 


DATA T n _ 3 VDATA T n _ 2 Y data T n _A 
VALID A VALID A VALID l 


DATA T n VDATA T n + i 
VALID A VALID 


DATA Tim (THE RESULT OF ENCODE COMMAND T N ) OCCURS TWO CON- 
VERSION PERIODS PLUS 275ns ±25ns AFTER ENCODE COMMAND T N . 
FOR A 5MHz WORD RATE AS SHOWN, DATA IS VALID 275ns ±25ns 
AFTER THE THIRD ENCODE COMMAND PULSE OR T N + 675ns ±25ns. 

IN ALL CASES, THREE ENCODE COMMAND PULSES ARE REQUIRED 
FOR TRANSFER OF DATA TO THE OUTPUT, DUE TO THE PIPELINE 
DELAY EFFECT THROUGH THE A/D. NO DATA READY PULSE IS 
SUPPLIED. 


Figure 1. MOD-1205 Timing Diagram 
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GROUND CONNECTIONS 

It should be noted that the MOD-1205 PC board has 9 ground 
pins. These are all connected to the ground plane on the board. 
For best results it is recommended that ALL of these pins be 
connected to a massive system or “mother board” ground 
plane. 

CALIBRATION PROCEDURE (MOD-1205) 

The MOD-1205 A/D is precisely calibrated at the factory be- 
fore shipments and should need no further calibration. How- 
ever, if slight readjustments of the A/D are required in the 
system, the following procedure should be followed. This 
procedure refers to a binary output. 

Offset Adjustment 

The offset is adjusted by varying potentiometer R22 with 0 
volts applied to the analog input. To obtain the proper output 


code, observe that the digital output is changing between 
100000000000 and 011111111 1 1 1 at this adjust- 
ment level. When properly adjusted a digital code of 
100000000000 will represent an analog input 1/2 LSB 
above zero volts, and a digital code of 011111111111 
will represent an analog input of 1/2LSB below zero volts. 

Gain Adjustment 

The gain is adjusted by varying potentiometer R2. This adjust- 
ment is made by applying +2.0465V (FS -1 1/2LSB) to the 
analog input and while monitoring the digital output, adjust 
R2 for the output code varying between 111111111110 
and 111111111111 (FS). If the user needs to offset the 
entire range of the A/D, this can be accomplished by a readjusting 
R22 as required. However, in this procedure, the offset should 
always be adjusted first. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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V/F and F/V Converters 


VOLTAGE-TO-FREQUENCY CONVERTERS 


Model 

Full-Scale 

Frequency 

MHz 

Linearity 

% 

max 

FS 

Calib 

Error 

% 

typ 

Output 

Format 

Input 

Range 

V 

Package 

Options 1 

Temp 

Range 2 

Page 

Comments 

AD652 

2 

0.005-0.05 

0.25-0.5 

Pulse Train 

Oto 10 

Q,P 

C, I, M 

4-25 

Synchronous, Multiple Input Ranges, 

AD650 

1 

0.005-0.1 

5-10 

Pulse Train 

Oto -10 
±5 

-10 to 0 

D, N, P 

C, I, M 

4-13 

Low Nonlinearity 

Low Nonlinearity 

AD654 

0.5 

0. 1-0.4 

10 

Square Wave 

0 to (V s -4) 

N, R 

C 

4-41 

Single Supply, Low Cost 

ADVFC32 

0.5 

0.01-0.2 

5 

Pulse Train 

Oto 10 

H,N 

C, I, M 

4-49 

Industry Standard 

AD537 

0.15 

0.07-0.25 

5 

Square Wave 

-V s to(+V s -4) 

D, H 

C, M 

4-5 
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Response 






Input 

Linearity 

Time 






Range 

% 

ms 

Package 

Temp 



Model 

kHz 

max 

typ 

Options 1 

Range 2 

Page 

Comments 

451 

Oto 10 

0.03-0.008 

4 

Module 

I 

N+ 

Complete, No External Components 

453 

0 to 100 

0.03-0.008 

0.8 

Module 

I 

N+ 

Complete, No External Components 


Package Options: D-Side-Brazed Dual-In-Line Ceramic; H-Round Hermetic Metal Can (Header); N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip; R-Small Outline 
Plastic (SOIC). 

2 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

+ N = Design-In product still available, but not included in catalog. Ask your local sales office for datasheet. 

Boldface Type: Product recommended for new design. 
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VOLTAGE-TO-FREQUENCY CONVERTERS 

Voltage-to-frequency converters (VFCs) convert analog voltage 
or current levels to pulse trains or square waves in a logic- 
compatible form (usually TTL) at frequencies that are accurately 
proportional to the analog quantity. The output continuously 
tracks the input signal, responding directly to changes in the 
input signal; external clock synchronization is not required. V/F 
converters find applications in analog-to-digital converters with 
high resolution, long-term high-precision integrators, two- wire 
high-noise-immunity digital transmission and digital voltmeters. 

FREQUENCY-TO- VOLTAGE CONVERTERS 

Frequency-to- voltage converters (FVCs) perform the inverse 
operation; they accept a wide variety of periodic waveforms and 
produce an analog output proportional to frequency. Combining 
adjustable threshold, gain and output offset with low linearity 
error, F/V converters offer economical solutions to a wide variety 
of applications where it is required to convert frequency to an 
analog voltage. Examples are motor-speed controllers, power-line 
frequency monitors and VCO stabilization circuits. In analog-to- 
analog data transmission, they convert serially transmitted data 
in the form of pulse streams back to analog voltage. 

Applications of both forms of conversion, as appropriate to 
specific device types, are illustrated with varying degrees of 
detail on the individual data sheets. 

FACTORS IN CHOOSING VFCs AND FVCs 

Voltage-to-frequency converters are available from Analog Devices 
in both pulse train and square wave outputs. The output of 
the change balance types which can operate up to 1MHz F.S., 
is a train of pulses of constant height and width, with very low 
duty cycle for small analog inputs. The output of the AD537 
is unique in that its output is square wave, an advantage 
in some applications. 

The most popular VFC designs (Figure 1) contain an integrator 
which charges at a rate proportional to the value of the input 
signal. Each time the integrator’s charge has been increased by a 
precisely metered increment, the threshold crossing produces a 
pulse of accurately known area. The pulse serves both as the 
output (via a buffer) and as a subtractive charge increment to 



Figure 1. Block Diagram of the ADVFC32 

reduce the integrator’s net charge. The next pulse is triggered 
when the net integral has again reached the threshold. The 
relationship between the pulse rate and the input level is linear. 
The AD537 operates on a somewhat different principle (Figure 
2): an input current charges a capacitor between two threshold 
levels, first in one direction, then in the other, in an emitter-coupled 
astable multivibrator circuit. Since the time required to reach 
the switching threshold is inversely proportional to the analog 
input, the frequency is directly proportional. For constant analog 
input, the charging rate and the discharge rate are equal, so the 
output is a square wave. 


SYNC 



Figure 2. Block Diagram of the AD537 
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Figure 3. Block Diagram - Models 451 & 453 FVCs 


Frequency-to-voltage converters (Figure 3) average a train of 
equal-area pulses that are generated internally by a precision 
charge dispenser in response to each crossing of an input threshold. 
The analog output voltage is proportional to the sum of the 
pulse areas over a given period. F/V conversion can also be 
obtained by using the ADVFC32. 


SPECIFICATIONS 

The salient specifications for VFCs are (non)linearity, as a per- 
centage of full-scale frequency; frequency range , the greater the 
frequency range, the greater the resolution for a given counting 
period; full-scale-calibration error; gain-temperature coefficient , in 
ppm of signal per °C, where “gain” is the ratio of full-scale 
frequency to full-scale voltage; input-offset temperature coefficient ; 
overrange capability , within rated specifications, and step response , 
the worst-case time interval required for the frequency to respond 
to a full-scale-step input change. 

For FVCs, important specs, in addition to accuracy specs cor- 
responding to the above, include output ripple (for specified 
input frequencies), threshold (for recognition that another cycle 
has been initiated and for versatility in interfacing various types 
of sensors directly), hysteresis (to provide a degree of insensitivity 
to noise superimposed on a slowly-varying input waveform) and 
dynamic response (important in motor control). 

Definitions of some critical specifications, and the conditions for 
adjusting or measuring them, are detailed on individual data 
sheets. 
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FEATURES 

Low Cost A-D Conversion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Single Supply, 5 to 36 Volts 
Linearity: ±0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (ImV/K) 

F-V Applications 


Integrated Circuit 
Voltage-to- Frequency Converter 


AD537* 



PRODUCT DESCRIPTION 

The AD537 is a monolithic V-F converter consisting of an in- 
put amplifier, a precision oscillator system, an accurate inter- 
nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F.S. input vol- 
tage up to ±30V. Linearity error is as low as ±0.05% for 10kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ±30ppm/°C. The AD537 
operates from a single supply of 5 to 36V and consumes only 
1.2mA quiescent current. 

A temperature-proportional output, scaled to l.OOmV/K, 
enables the circuit to be used as a reliable temperature-to- 
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as 0°C or 0°F can be 
generated. 

The low drift (1 juV/°C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (250M12) input resistance. Unlike most 
V-F converters, the AD537 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, very long cables, etc. 

The excellent temperature characteristics and long-term stabil- 
ity of the AD537 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 

The device is available in either a TO-116 ceramic DIP or a 
TO-100 metal can; both are hermetically sealed packages. 

The AD537 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
0 to +70°C range while the AD537S is specified for operation 
over the extended temperature range, -55 C to +125 C. 
•COVERED BY PATENT NUMBERS 3,887,963 and RE 30,586. 


PRODUCT HIGHLIGHTS 

1. The AD5 37 is a complete V-F converter requiring only an 
external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open- 
collector output stage. Any full-scale input voltage range 
from lOOmV to 10 volts (or greater, depending on +V$) can 
be accommodated by proper selection of timing resistor. 

The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V/10RC. 

2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+V$ - 4) volts. Negative inputs can 
easily be connected for below ground operation. 

3. F-V converters with excellent characteristic are also easy to 
build by connecting the AD537 in a phase-locked loop. Ap- 
plication particulars are shown in Figure 6. 

4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common terminal can be connected to any level be- 
tween ground (or -V§) and 4 volts below +V§. This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. 
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(typical @ +25°C with V s (total) = 5 to 36V, unless otherwise noted) 


MODEL 

AD537JH 

AD537JD 

AD537KD 

AD537KH 

AD537SD 1 

AD537SH 1 

CURRENT-TO-FREQUENCY CONVERTER 

Frequency Range 

0 to 150kHz 

* 

* 

* 

Nonlinearity 1 

f m „ = 10kHz 

0.15% max (0.1% typ) 

* 

0.07% max 

** 

fmax = 100k Hz 

0.25% max (0.15% typ) 

* 

0.1% max 

* * 

Full Scale Calibration Error 

C= O.Ol/iF, Ipq = 1.000mA 

±10% max 

±7% max 

±5% max 

** 

vs. Supply (f max < 100kHz) 

±0.1% A 7 max (0.01% typ) 

* 

* 

* 

vs. Temp. (T,^ to T max ) 

±150ppm/°C max (50ppm typ) 

* 

50ppm/°C max (30ppm typ) 2 

150ppm/°C max 

ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 

Voltage Input Range 

Single Supply 

0 to (+Vs - 4) Volts (min) 


* 


Dual Supply 

-V s to (+V S - 4) Volts (min) 

* 

* 

* 

Input Bias Current 

(Either Input) 

lOOnA 

* 

* 

* 

Input Resistance (Non-Inverting) 

250MQ 

* 

* 

* 

Input Offset Voltage 

(Trimmable in “D” Package Only) 

5 mV max 

- 

2mV max' 

♦ * 

vs. Supply 

200/x V/V max 

100 fXV/W max 

100/uV/V max 

* * 

vs. Temp. (T m in to T max ) 

5MV/°C 

* 

ljuV/°C 

10juV/°C max 

Safe Input Voltage 3 

±V S 

* 

* 

* 

REFERENCE OUTPUTS 

Voltage Reference 

Absolute Value 

1.00 Volt ±5% max 

* 

* 

* 

vs. Temp. (T min to T max ) 

50ppm/°C 

* 

100ppm/°C max 3 

♦ * 

vs. Supply 

±0.03%/V max 

* 

* 

* 

Output Resistance 4 

380Q 

* 

* 

* 

Absolute Temperature Reference 5 

Nominal Output Level 

l.OOmV/K 


* 

* 

Initial Calibration @ +25°C 

298mV (±5mV) 


298mV (±5mV max) 

♦ * 

Slope Error from l.OOmV/K 

±0.02mV/K 


* 

* 

Slope Nonlinearity 

±0.1K 


♦ 

* 

Output Resistance 5 

9oon 


* 

* 

OUTPUT INTERFACE (Open Collector Output) 

(Symmetrical Square Wave) 

Output Sink Current in Logic “0” 

Vqut = °-4V max, T min to T max ) 

20mA min 

20mA min 

20mA min 

10mA min 

Output Leakage Current in Logic “1 ” 

(T m in to T max ) 

200nA max 

* 

* 

2juA max 

Logic Common Level Range 

-V s to (+V S - 4) Volts 

* 

* 

* 

Rise/Fall Times (Gp = 0.01/tF) 

I IN = 1mA 

0.2/us 

* 

* 

* 

I IN = l^A 

ljUS 

* 

* 

* 

POWER SUPPLY 

Voltage, Rated Performance 

Single Supply 

4.5V to 36V 

* 

* 

* 

Dual Supply 

±5 to ±18V 

* 

* 

* 

Quiescent Current 

1.2mA (2.5mA max) 

♦ 

* 


TEMPERATURE RANGE 

Rated Performance 

0 to +70° C 

* 

* 

-55 Cto +125 C 

Storage 

-65°C to +150° C 

♦ 

* 

* 

PACKAGE OPTIONS 6 

TO-116 Ceramic DIP (D-14) 

TO-100 Header (H-10A) 

AD537JH 

AD537JD 

AD537KD 

AD537KH 

AD537SD 

AD537SH 


NOTES 

* Specifications same as AD537JH. 

** Specifications same as AD537K. 

Specifications subject to change without notice. 

1 Nonlinearity is specified for a current input level (Iin) to the 
converter from 0.1 to 1000/iA. Converter has 100% overrange 
capability up to Ijn = 2000juA with slightly reduced linearity. 
Nonlinearity is defined as deviation from a straight line from 
zero to full scale, expressed as a percentage of full scale. 

2 Guaranteed not tested. 


1 Maximum voltage input level is equal to the supply on either 
input terminal. However, large negative voltage levels can be 
applied to the negative terminal if the input is scaled to a nominal 
1mA full scale through an appropriate value resistor (see Figure 2). 

1 Loading the 1 .0 volt or lmV/K outputs can cause a significant change 
in overall circuit performance, as indicated in the applications section. 
To maintain normal operation, these outputs should be operated 
into the external buffer or an external amplifier. 

Temperature reference output performance is specified from 0 to +70°C 
for “J” and “K” devices, -55°C to +125°C for “S” model. 

1 See Section 14 for package outline information. 
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CIRCUIT OPERATION 

Block diagrams of the AD537 are shown above. A versatile 
operational amplifier (BUF) serves as the input stage; its 
purpose is to convert and scale the input voltage signal to a 
drive current in the NPN follower. Optimum performance is 
achieved when, at the full scale input voltage, a 1mA drive cur- 
rent is delivered to the current-to-frequency converter. The 
drive current to the current-to-frequency converter (an astable 
multivibrator) provides both the bias levels and the charging 
current to the externally connected timing capacitor. This 
“adaptive” bias scheme allows the oscillator to provide low 
nonlinearity over the entire current input range of 0.1 to 
2000piA. The square wave oscillator output goes to the output 
driver which provides a floating base drive to the NPN power 
transistor. This floating drive allows the logic interface to be 
referenced to a different level than -Vs - The “SYNC” input 
(“D” package only) allows the oscillator to be slaved to an 
external master oscillator; this input can also be used to shut 
off the oscillator. 

The reference generator uses a band-gap circuit (this allows 
single-supply operation to 4.5 volts which is not possible with 
low T.C. zeners) to provide the reference and bias levels for the 
amplifier and oscillator stages. The reference generator also 
provides the precision, low T.C. 1.00 volt output and the 
Vtemp output which tracks absolute temperature at lmV/K. 

V-F CONNECTION FOR POSITIVE INPUT VOLTAGES 

The positive voltage input range is from -V§ (ground in single 
supply operation) to 4 volts below the positive supply. The 
connection shown in Figure 1 provides a very high (250MS7) 
input impedance. The input voltage is converted to the proper 
drive current at pin 3 by selecting a scaling resistor. The full 
scale current is 1mA, so, for example a 10 volt range would 
require a nominal 10k£2 resistor. The trim range required will 
depend on capacitor tolerance. Full scale currents other than 
1mA can be chosen, but linearity will be reduced; 2mA is the 
maximum allowable drive. 


As indicated by the scaling relationship in Figure 1, a O.OljuF 
timing capacitor will give a 10kHz full scale frequency, and 
0.00 1/iF will give 100kHz with a 1mA drive current. The maxi- 
mum frequency is 150kHz. Polystyrene or NPO ceramic capa- 
citors are preferred for T.C. and dielectric absorption; poly- 
carbonate or mica are acceptable; other types will degrade line- 
arity. The capacitor should be wired very close to the AD537. 

V-F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 

A wide range of negative input voltages can be accommodated 
with proper selection of the scaling resistor, as indicated in 
Figure 2. This connection, unlike the buffered positive con- 
nection, is not high impedance since the 1mA F.S. drive cur- 
rent must be supplied by the signal source. However, very large 
negative voltages beyond the supply can be handled easily; just 
modify the scaling resistors appropriately. Diode CR1 (HP 5082- 
2811) is necessary for overload and latchup protection for cur- 
rent or voltage inputs. 

If the input signal is a true current source, R* and R 2 are not 
used. Full scale calibration can be accomplished by connecting 
a 200k£2 pot in series with a fixed 27kf2 from pin 7 to -Vs 
(see calibration section, below). 



Figure 2. V-F Connections for Negative Input Voltage or 
Current 



Figure 1. Standard V-F Connection for Positive Input Voltages 
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CALIBRATION 

There are two independent adjustments: scale and offset. The 
first is trimmed by adjustment of the scaling resistor R and the 
second by the (optional) potentiometer connected to +V§ and 
the Vqs pins (“D” package only). Precise calibration requires 
the use of an accurate voltage standard set to the desired FS 
value and a frequency meter; a scope is useful for monitoring 
output waveshape. Verification of linearity requires the avail- 
ability of a switchable voltage source (or a DAC) having a lin- 
earity error below ±0.005%, and the use of long measurement 
intervals to minimize count uncertainties. Every AD537 is 
automatically tested for linearity, and it will not usually be 
necessary to perform this verification, which is both tedious 
and time-consuming. 

Although drifts are small it is good practice to allow the op- 
erating environment to attain stable temperature and to en- 
sure that the supply, source and load conditions are proper. 
Begin by setting the input voltage to 1/10,000 of full scale. 
Adjust the offset pot until the output frequency is 1/10,000 
of full scale (for example 1Hz for FS of 10kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. Then apply the FS input voltage and adjust the gain 
pot until the desired FS frequency is indicated. In applications 
where the FS input is small, this adjustment will very slightly 
affect the offset voltage, due to the input bias current of the 
buffer amplifier. A change of lk£2 in R will affect the input 
by approximately 100juV, which is as much as 0.1% of a 
lOOmV FS range. Therefore, it may be necessary to repeat 
the offset and scale adjustments for the highest accuracy. The 
design of the input amplifier is such that the input voltage 
drift after offset nulling is typically below 1 juV/°C. 

In some cases the signal may be in the form of a negative cur- 
rent source. This can be handled in a similar way to a negative 
input voltage. However, the scaling resistor is no longer re- 
quired, eliminating the capability of trimming full scale in this 
fashion. Since it will usually be impractical to vary the capac- 
itance, an alternative calibration scheme is needed. This is 
shown in Figure 3. A resistor-potentiometer connected from 
the Vr output to -Vs will alter the internal operating con- 
ditions in a predictable way, providing the necessary adjust- 
ment range. With the values shown, a range of ±4% is available; 
a larger range can be attained by reducing Rl. This technique 
does not degrade the temperature-coefficient of the converter, 
and the linearity will be as for negative input voltages. The 
minimum supply voltage may be used. 


Unless it is required to set the input node at exactly ground 
potential* no offset adjustment is needed. The capacitor C is 
selected to be 5% below the nominal value; with R2 in its mid- 
position the output frequency is given by 



10.5 X C 


where f is in kHz, I is in mA and C is in juF. For example, for 
a FS frequency of 10kHz at a FS input of 1mA, C = 9500pF. 
Calibration is effected by applying the full-scale input and 
adjusting R2 for the correct reading. 

This alternative adjustment scheme may also be used when it 
is desired to present an exact input resistance in the negative- 
voltage mode. The scaling relationship is then 

f = X L_ 

Inexact 10.5 C 

The calibration procedure is then similar to that used for posi- 
tive input voltages, except that the scale adjustment is by 
means of R2. 


Vlogic 



Figure 3. Scale Adjustment for Current Inputs 
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INPUT PROTECTION 

The AD537 was designed to be used with a minimum of ad- 
ditional hardware. However, the successful application of a 
precision IC involves a good understanding of possible pitfalls 
and the use of suitable precautions. 

The -Vin, +Vjn and I ^ pins should not be driven more than 
300mV below -V§. This would cause internal junctions to con- 
duct, possibly damaging the IC. The AD 53 7 can be protected 
from “below -Vs” inputs by a Schottky diode, CR1 (HP5082- 
2811) as shown in Figure 3. It is also desirable not to drive 
+V IN , and I 1N above +Vs- In operation, the converter 
will become very nonlinear for inputs above (+V S -3.5V). 
Control currents above 2mA will also cause nonlinearity. 

The 80dB dynamic range of the AD537 guarantees opera- 
tion from a control current of 1mA (nominal FS) down to 
lOOnA (equivalent to lmV to 10V FS). Below lOOnA im- 
proper operation of the oscillator may result, causing a false 
indication of input amplitude. In many cases this might be 
due to short-lived noise spikes which become added to the 
input. For example, when scaled to accept a FS input of IV, 
the -80dB level is only 100/iV, so when the mean input is 
only 60dB below FS (lmV), noise spikes of 0.9mV are suf- 
ficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass 
filter ahead of the converter and a guard ring around the 
IlN or -Vflvj pins. For a FS of 10kHz a single-pole filter with 
a time-constant of 100ms (Figure 2) will be suitable, but the 
optimum configuration will depend on the application and 
type of signal processing. Noise spikes are only likely to be a 
cause of error when the input current remains near its mini- 
mum value for long periods of time; above lOOnA (lmV) 
full integration of additive input noise occurs. 

The AD537 is somewhat susceptible to interference from 
other signals. The most sensitive nodes (besides the inputs) 
are the capacitor terminals and the SYNC pin. The timing 
capacitor should be located as close as possible to the 
AD537 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. The SYNC 
pin should be decoupled through a 0.005juF (or larger) ca- 
pacitor to pin 13 (+V§). This minimizes the possibility that 
the AD537 will attempt to synchronize to a spurious signal. 
This precaution is unnecessary on the metal can package since 
the SYNC function is not brought out to a package pin 
and is thus not susceptible to pickup. 


DECOUPLING 

It is good engineering practice to use bypass capacitors on 
the supply-voltage pins and to insert small-valued resistors 
(10 to 10012) in the supply lines to provide a measure of 
decoupling between the various circuits in a system. Ceramic 
capacitors of O.lfxF to 1.0/uF should be applied between the 
supply -voltage pins and analog signal ground for proper by- 
passing on the AD537. 

A decoupling capacitor may also be useful from +Vs to SYNC 
in those applications where very low cycle-to-cycle period vari- 
ation (jitter) is demanded. By placing a capacitor across +Vg 
and SYNC this noise is reduced. On the 10kHz FS range, a 
6.8juF capacitor reduces the jitter to one in 20,000 which is 
adequate for most applications. A tantalum capacitor should 
be used to avoid errors due to dc leakage. 

NONLINEARITY SPECIFICATION 

The preferred method for specifying linearity error is in terms 
of the maximum deviation from the ideal relationship after 
calibrating the converter at full scale and “zero”. This error 
will vary with the full scale frequency and the mode of opera- 
tion. The ADS 37 operates best at a 10kHz full scale frequency 
with a negative voltage input; the linearity is typically within 
±0.05%. Operating at higher frequencies or with positive inputs 
will degrade the linearity as indicates in the Specifications 
table. The shape of a typical linearity plot is given in Figure 4. 



1 to 100 Ik 10k 

OUTPUT FREQUENCY - Hz 


Figure 4a. Typical Nonlinearity Error Envelopes with 10kHz 
F.S. Output 



10 100 Ik 10k 100k 

OUTPUT FREQUENCY - Hz 


Figure 4b. Typical Nonlinearity Error with 100kHz F.S. Output 
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OUTPUT INTERFACING CONSIDERATIONS 
The design of the output stage allows easy interfacing to all 
digital logic families. The collector and emitter of the output 
NPN transistor are both uncommitted; the emitter can be tied 
to any voltage between -Vg and 4 volts below +Vg. The open 
collector can be pulled up to a voltage 36 volts above the emit- 
ter regardless of +Vg. The high power output stage can supply 
up to 20mA (10mA for “H” package) at a maximum satura- 
tion voltage of 0.4 volts. The stage limits the output current 
at 25mA; it can handle this limit indefinitely without dam- 
aging the device. 

Figure 5 shows the AD537 with a standard 0 to +10 volt input 
connection and the output stage connections. The values for 
the logic common voltage, pull-up resistor, positive logic level, 
and -Vs supply are given in the accompanying chart for several 
logic forms. 



Figure 5. Interfacing Standard Logic Families 
APPLICATIONS 

The diagrams and descriptions of the following applications 
are provided to stimulate the discerning engineer with alter- 
native circuit design ideas. “Applications of the AD 5 3 7 IC 
Voltage- to-Frequency Converter”, available from Analog 
Devices on request, covers a wider range of topics and con- 
cepts in data conversion and data transmission using voltage- 
to-frequency converters. 

TRUE TWO-WIRE DATA TRANSMISSION 

Figure 6 shows the AD5 37 in a true two-wire data transmission 
scheme. The twisted-pair transmission lines serves the dual pur- 
pose of supplying power to the device and also carrying fre- 
quency data in the form of current modulation. The PNP cir- 
cuit at the receiving end represents a fairly simple way for 
converting the current modulation back into a voltage square 
wave which will drive digital logic directly. The 0.6 volt square 
wave which will appear on the supply line at the device ter- 
minals does not affect the performance of the AD5 37 because 
of its excellent supply rejection. Also, note that the circuit 
operates at nearly constant average power regardless of 
frequency. 



Figure 6. True Two-Wire Operation 
F-V CONVERTERS 

The ADS 37 can be used as a high linearity VCO in a phase- 
locked loop to accomplish frequency-to-voltage conversion. 

By operating the loop without a low-pass filter in the feedback 
path (first-order system), it can lock to any frequency from 
zero to an upper limit determined by the design, responding 
in three or four cycles to a step change of input frequency. In 
practice, the overall response time is determined by the charac- 
teristics of the averaging filter which follows the PLL. 

Figure 7 shows a connection using a low-power TTL quad 
open-collector nand gate which serves as the phase comparator. 
The input signal should be a pulse train or square wave with 
characteristics similar to TTL or 5-volt CMOS outputs. Any 
duty cycle is acceptable, but the minimum pulse width is 40/us. 
The output voltage is one volt for a 10kHz input frequency. 
The output as shown here is at a fairly high impedance level; 
for many situations an additional buffer may be required. 

Trimming is similar to V-F application trimming. First set the 
Vqs trimmer to mid-scale. Apply a 10kHz input frequency and 
trim the 2kH potentiometer for 1.00 volts out. Then apply a 
10Hz waveform and trim the Vqs for lmV out. Finally, retrim 
the full scale output at 10kHz. Other frequency scales can be 
obtained by appropriate scaling of timing components. 

+5V 



Figure 7. 10kHz F-V Converter 
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TEMPERATURE-TO-FREQUENCY CONVERSION 
The linear temperature-proportional output of the AD537 can 
be used as shown in these applications to perform various direct 
temperature-to-frequency conversion functions; it can also be 
used with other external connections in a temperature sensing 
or compensation scheme. If the sensor output is used externally, 
it should be buffered through an op amp since loading that 
point will cause significant error in the sensor output as well 
as in the main V-F converter circuitry. 

An absolute temperature (Kelvin)-to-frequency converter 
is very easily accomplished, as shown in Figure 8. The lmV 
per K output serves as the input to the buffer amplifier, which 
then scales the oscillator drive current to a nominal 298pA at 
+25°C (298K). Use of a lOOOpF capacitor results in a corres- 
ponding frequency of 2.98kHz. Setting the single 2k 12 trimmer 
for the correct frequency at a well-defined temperature near 
+25 C will normally result in an accuracy of ±2°C from -55°C 
to +125°C (using an AD537S). An NPO ceramic capacitor is 
recommended to minimize nonlinearity due to capacitance 
drift. 



-V S (CONNECTED TO CASE) 


Figure 8. Absolute Temperature to Frequency Converter 
OFFSET TEMPERATURE SCALES 

Many other temperature scales can be set up by offsetting the 
temperature output with the voltage reference output. Such a 
scheme is shown by the Celsius-to-frequency converter in 
Figure 9. Corresponding component values for a Fahrenheit- 
to-frequency converter which give 10Hz / F are given in paren- 
theses. 

A simple calibration procedure which will provide ±2°C accu- 
racy requires substitution of a 7.27k resistor for the series 
combination of the 6.04k with the 2k trimmer; then simply 
set the 50012 trimmer to give 250Hz at +25°C. 

High accuracy calibration procedure: 

1. Measure room temperature in K. 


2. Measure temperature output at pin 6 at that temperature. 

3. Calculate offset adjustment as follows: 

Offset Voltage (mV) = Vtemp (pin 6) (mV) x 273 2 
Room temp (K) 

4. Temporarily disconnect 4912 resistor (or 50012 pot) and 
trim 2kl2 pot to give the offset voltage at the indicated 
node. Reconnect 4912 resistor. 

5. Adjust slope trimmer to give proper frequency at room 
temperature (+25°C = 250Hz). 

Adjustment for F or any other scale is analogous. 



Figure 9. Offset Temperature Scale Converters-Centigrade 
and ( Fahrenheit ) to Frequency 

SYNCHRONOUS OPERATION 

The SYNC terminal at pin 2 of the DIP package can be used to 
synchronize a free running AD537 to a master oscillator, either 
at a multiple or a sub-multiple of the primary frequency. The 
preferred connection is shown in Figure 10. The diodes are 
used to produce the proper drive magnitude from high level 
signals. The SYNC terminal can also be used to shut off the 
oscillator. Shorting the terminal to +V§ will stop the oscillator, 
and the output will go high (output NPN off). 




Figure 10. Connection for Synchronous Operation 
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Figure 11 shows the maximum pull-in range available at a given 
signal level; the optimum signal is a 0.8 to 1 .0 volt square wave; 
signals below 0.1 volt will have no effect; signals above 2 volts 
p-p will disable the oscillator. The AD537 can normally be 
synchronized to a signal which forces it to a higher frequency 
up to 30% above the nominal free-running frequency, it can 
only be brought down about 1-2%. 



Figure 1 1. Maximum Frequency Lock-In Range Versus Sync. 
Signal 

LINEAR PHASE LOCKED LOOP 

The phase-iocked-loop F/V circuit described earlier operates 
from an essentially noise-free binary input. PLL’s are also used 
to extract frequency information from a noisy analog signal. 

To do this, the digital phase-comparator must be replaced by a 
linear multiplier. In the implementation shown in Figure 12, 
the triangular waveform appearing across the timing capacitor 
is used as one of the multiplier inputs; the signal provides the 
other input. It can be shown that the mean value of the multi- 
plier output is zero when the two signals are in quadrature. In 
this condition, the ripple in the error signal is also quite small. 
Thus, the voltage at pin 5 is essentially zero, and the frequency 
is determined primarily by the current in the timing resistor, 
controlled either manually or by a control voltage. 



Figure 12. Linear Phase-Locked Loop 
Noise on the input signal affects the loop operation only 
slightly; it appears as noise in the timing current, but this 
is averaged out by the timing capacitor. On the other hand, 
if the input frequency changes there is a net error voltage 
at pin 5 which acts to bring the oscillator back into quadra- 
ture. Thus, the output at pin 14 is a noise-free square-wave 
having exactly the same frequency as the input signal. The 
effectiveness of this circuit can be judged from Figure 1 3 
which shows the response to an input of IV rms 1kHz sinu- 
soid plus IV rms Gaussian noise. The positive supply to the 
AD537 is reduced by about 4V in order to keep the voltages 
at pins 11 and 12 within the common-mode range of the 
AD534. 

Since this is also a first-order loop the circuit possesses a very 
wide capture range. However, even better noise-integrating 
properties can be achieved by adding a filter between the 
multiplier output and the VCO input. Details of suitable 
filter characteristics can be found in the standard texts on 
the subject. 



Figure 13. Performance of AD537 Linear Phase- 
Locked Loop 

By connecting the multiplier output to the lower end of the 
timing resistor and moving the control input to pin 5, a high- 
resistance frequency-control input is made available. However, 
due to the reduced supply voltage, this input cannot exceed 
+6V. 

TRANSDUCER INTERFACE 

The AD537 was specifically designed to accept a broad range 
of input signals, particularly small voltage signals, which may 
be converted directly (uniike many V-F converters which re- 
quire signal pre-conditioning). The 1.00V stable reference out- 
put is also useful in interfacing situations, and the high input 
resistance allows non-loading interfacing from a source of 
varying resistance, such as the slider of a potentiometer. 

THERMOCOUPLE INPUT 

The output of a Chromel-Constantan (Type E) thermocouple, 
using a reference junction at 0°C, varies from 0 to 53.14mV 
over the temperature range 0 to +700°C with a slope of 
80.6 78juV /degree over most of its range and some nonlinearity 
over the range 0 to +200°C. For this example, we assume that 
it is desired to indicate temperature in Degrees Celsius using a 
counter/display with a 100ms gate width. Thus, the V-F con- 
verter must deliver an output of 7kHz for an input of 5 3 . 14mV. 
If very precise operation down to 0 C is imperative, some sort 
of linearizing is necessary (see, for example, Analog Devices’ 
Nonlinear Circuits Handbook, pp92-97) but in many cases 
operation is only needed over part of the range. 

The circuit shown in Figure 14 provides good accuracy from 
+300°C to +700°C. The extrapolation of the temperature- 
voltage curve back to 0°C shows that an offset of -3.34mV is 
required to fit the curve most exactly. This small amount of 
voltage can be introduced without an additional calibration 
step using the + 1.00V output of the AD537. To adjust the 
scale, the thermocouple should be raised to a known refer- 
ence temperature near 500°C and the frequency adjusted to 
value using Rl. The error should be within ±0.2% over the 
range 400 C to 700° C. 


>C F ) 



Figure 14. Thermocouple interface with First-Order 
Linearization 
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ANALOG 

DEVICES 


Voltage-to-Frequency and 
Frequency-to-Voltage Converter 


AD650 


FEATURES AD650 PIN CONFIGURATION 

V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1MHz 
Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential V/F 
V/F or F/V Conversion 
Available in Surface Mount 



PRODUCT DESCRIPTION 

The AD650 V/F/V (voltage-to-frequency or frequency-to-voltage 
converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic form. 
The inherent monotonicity of the V/F transfer function makes 
the AD650 useful as a high-resolution analog-to-digital converter. 
A flexible input configuration allows a wide variety of input 
voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 

The linearity error of the AD650 is typically 20ppm (0.002% of 
full scale) and 50ppm (0.005%) maximum at 10kHz full scale. 
This corresponds to approximately 14-bit linearity in an analog-to- 
digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD650 has a useful dynamic range of six decades allowing 
extremely high resolution measurements. Even at 1MHz full 
scale, linearity is guaranteed less than lOOOppm (0.1%) on the 
AD650KN, KP, BD and SD grades. 

In addition to analog-to-digital conversion, the AD650 can be 
used in isolated analog signal transmission applications, phased- 
locked-loop circuits, and precision stepper motor speed controllers. 
In the F/V mode, the AD650 can be used in precision tachometer 
and FM demodulator circuits. 

The input signal range and full-scale output frequency are user- 
programmable with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zero with an external 
potentiometer. 


The AD650JN and AD650KN are offered in a plastic 14-pin 
DIP package. The AD650JP and AD650KP are available in a 
20-pin plastic leaded chip carrier (PLCC). Both plastic packaged 
versions of the AD650 are specified for the commerical (0 to 
+ 70°C) temperature range. For industrial temperature range 
( - 25°C to + 85°C) applications, the AD650AD and AD650BD 
are offered in a ceramic package. The AD650SD is specified for 
the full - 55°C to + 125°C extended temperature range. 

PRODUCT HIGHLIGHTS 

1 . In addition to very high linearity, the AD650 can operate at 
full scale output frequency up to 1MHz. The combination of 
these two features makes the AD650 an inexpensive solution 
for applications requiring high resolution monotonic A/D 
conversion. 

2. The AD650 has a very versatile architecture that can be 
configured to accommodate bipolar, unipolar, or differential 
input voltages, or unipolar input currents. 

3 . TTL or CMOS compatibility is achieved using an open collector 
frequency output. The pullup resistor can be connected to 
voltages up to + 30V, or + 15V or +5V for conventional 
CMOS or TTL logic levels. 

4. The same components used for V/F conversion can also be 
used for F/V conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 

5. The AD650 provides separate analog and digital grounds. 

This feature allows prevention of ground loops in real-world 
applications. 
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(@ +25°C with V s = ± 15V unless otherwise noted) 



AD650J/AD650A 


AD650K/AD650B 



AD650S 



Model 

Min Typ 

Max 

Min Typ 

Max 

Min 

Typ 

Max 

Units 

DYNAMIC PERFORMANCE 









Full Scale Frequency Range 


1 


1 



1 

MHz 

Nonlinearity 1 = 10kHz 

0.002 

0.005 

0.002 

0.005 


0.002 

0.005 

% 

100kHz 

0.005 

0.02 

0.005 

0.02 


0.005 

0.02 

% 

500kHz 

0.02 

0.05 

0.02 

0.05 


0.02 

0.05 

% 

1MHz 

0.1 


0.05 

0.1 


0.05 

0.1 

% 

Full Scale Calibration Error 2 , 100kHz 

±5 


±5 



±5 


% 

1MHz 

±10 


±10 



±5 


% 

vs. Supply 3 

-0.002 

+ 0.002 

-0.002 

+ 0.002 

-0.002 

+ 0.002 

%ofFSR/V 

vs. Temperature 









A, B, and S Grades 









at 10kHz 


±75 


±75 



±75 

ppm/°C 

at 100kHz 


±150 


±150 



±150 

ppm/°C 

J and K Grades 









at 10kHz 

±75 


±75 





ppm/°C 

at 100kHz 

±150 


±150 





ppm/°C 

BIPOLAR OFFSET CURRENT 









Activated by 1 . 24kft between pins 4 and 5 

0.45 0.5 

0.55 

0.45 0.5 

0.55 

0.45 

0.5 

0.55 

mA 

DYNAMIC RESPONSE 









Maximum Settling Time for Full Scale 









Step Input 

1 Pulse of New Frequency Plus 1 p.s 

1 Pulse of New Frequency Plus 1 p,s 

1 Pulse of New Frequency Plus 1 p.s 


Overload Recovery Time 









Step Input 

1 Pulse of New Frequency Plus 1 ns | 

1 Pulse of New Frequency Plus ljxs ] 

| 1 Pulse of New Frequency Plus 1 |xs | 


ANALOG INPUT AMPLIFIER (V/F Conversion) 









Current Input Range (Figure 1) 

0 

+ 0.6 

0 

+ 0.6 

0 


+ 0.6 

mA 

Voltage Input Range (Figure 5) 

-10 

0 

-10 

0 

-10 


0 

V 

Differential Impedance 

2Mfl||10pF 


2MG||10pF 



2MG||10pF 



Common Mode Impedance 

Input Bias Current 

1000Mft||10pF 


1000Mn||10pF 



1000Mfl||10pF 



Noninverting Input 

40 

100 

40 

100 


40 

100 

nA 

Inverting Input 

Input Offset Voltage 

±8 

±20 

±8 

±20 


±8 

±20 

nA 

(Trimmable to Zero) 


±4 


±4 



±4 

mV 

vs. Temperature (Tmin to T max ) 

±30 



±30 



±30 

(xV/°C 

Safe Input Voltage 

-Vs 


±V S 



±V S 


c 

COMPARATOR (F/V Conversion) 









Logic “0” Level 

-V s 

-1 



-V s 


+ 1 

V 

Logic “1” Level 

0 

+ V S 



0 


+ V S 

V 

Pulse Width Range 4 

0.1 

(0.3xt os ) 



0.1 


(0.3xt OS ) 

p,s 

Input Impedance 

250 





250 


kn 

OPEN COLLECTOR OUTPUT (V/F Conversion) 









Output Voltage in Logic “0” 









Isink — 8mA, T^,, to T max 


0.4 


0.4 




V 

Output Leakage Current in Logic “1” 


100 


100 



100 

nA 

Voltage Range 5 

0 

+ 36 

0 

+ 36 

0 


+ 36 

V 

AMPLIFIER OUTPUT (F/V Conversion) 









Voltage Range ( 1 500G min load resistance) 

0 

+ 10 

0 

+ 10 



+ 10 

V 

Source Current (7500 max load resistance) 

10 


10 





mA 

Capacitive Load (Without Oscillation) 


100 


100 




pF 

POWER SUPPLY 









Voltage, Rated Performance 

±9 

±18 

±9 

±18 

±9 


±18 

V 

Quiescent Current 


8 


8 



8 

mA 

TEMPERATURE RANGE 









Rated Performance - N Package 

0 

+ 70 

0 

+ 70 




°C 

D Package 

-25 

+ 85 

-25 

+ 85 

-55 


+ 125 

°C 

Storage -N Package 

-25 

+ 85 

-25 

+ 85 




°C 

D Package 

-65 

+ 150 

-65 

+ 150 

-65 


+ 150 

°C 

PACKAGE OPTIONS 6 









PLCC (P-20A) 

AD650JP 


AD650KP 






Plastic DIP (N-14) 

AD650JN 


AD650KN 






Ceramic DIP (D-14) 

AD650AD 


AD650BD 



AD650SD 




NOTES 

‘Nonlinearity is defined as deviation from a straight line from zero 
to full scale, expressed as a fraction of full scale. 

2 Full scale calibration error adjustable to zero. 

3 Measured at full scale output frequency of 10kHz. 

4 Refer to F/V conversion section of the text. 
s Referred to digital ground. 

6 See Section 14 for package outline information. 


Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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ORDERING GUIDE 
Gain 

Tempco Specified 

Part ppm/°C 1MHz Temperature 

Number 100kHz Linearity Range °C Package 

AD650JN 150 typ 0.1% typ 0to+70 Plastic DIP 

AD650KN 150 typ 0.1% max 0to+70 Plastic DIP 

AD650JP 150 typ 0.1% typ 0to+70 PLCC 

AD650KP 150 typ 0.1% max 0to+70 PLCC 

AD650AD 150 max 0.1% typ -25 to +85 Ceramic 

AD650BD 150 max 0.1% max -25 to +85 Ceramic 

AD650SD 150 max 0.1% max - 55 to + 125 Ceramic 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage +V S to - V s 36V 

Storage Temperature Ceramic - 55°C to + 165°C 

Plastic . - 25°C to + 125°C 

Differential Input Voltage (Pins 2 & 3) ± 10V 

Maximum Input Voltage ±Vs 

Open Collector Output Voltage Above Digital GND . . 36V 

Current 50mA 

Amplifier Short Ckt to Ground Indefinite 

Comparator Input Voltage (Pin 9) ±V S 


CIRCUIT OPERATION 

UNIPOLAR CONFIGURATION 

The AD650 is a charge balance voltage-to-frequency converter. 
In the connection diagram shown in Figure 1, or the block 
diagram of Figure 2a, the input signal is converted into an 
equivalent current by the input resistance R IN . This current is 
exactly balanced by an internal feedback current delivered in 
short, timed bursts from the switched 1mA internal current 


source. These bursts of current may be thought of as precisely 
defined packets of charge. The required number of charge packets, 
each producing one pulse of the output transistor, depends 
upon the amplitude of the input signal. Since the number of 
charge packets delivered per unit time is dependent on the 
input signal amplitude, a linear voltage-to-frequency transforma- 
tion will be accomplished. The frequency output is furnished 
via an open collector transistor. 





Figure 1. Connection Diagram for V/F Conversion, Positive 
Input Voltage 
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A more rigorous analysis demonstrates how the charge balance 
voltage-to-frequency conversion takes place. 

A block diagram of the device arranged as a V to F converter is 
shown in Figure 2a. The unit is comprised of an input integrator, 
a current source and steering switch, a comparator and a one-shot. 
When the output of the one-shot is low, the current steering 
switch Si diverts all the current to the output of the op amp; 
this is called the Integration Period. When the one-shot has 
been triggered and its output is high, the switch Si diverts all 
the current to the summing junction of the op amp; this is 
called the Reset Period. The two different states are shown in 
Figure 2 along with the various branch currents. It should be 
noted that the output current from the op amp is the same for 
either state, thus minimizing transients. 


Specifically, the one shot time period is: 

tos = C os x 6.8 x 10 3 sec/F + 3.0 x ltthec (1) 

The Reset Period is initiated as soon as the integrator output 
voltage crosses the comparator threshold, and the integrator 
ramps upward by an amount: 

AV=t os -^ = ^(lmA-I IN ) (2) 

dt C INT ' 

After the Reset Period has ended, the device starts another 
Integration Period, as shown in Figure 2, and starts ramping 
downward again. The amount of time required to reach the 
comparator threshold is given as: 



-V s 


AV _ t os /C INT (lmA - I IN ) _ (1mA \ 

1 1 H V ~ 1 1C tos ' T v 

9jl mn'Mnt a in 

dt 

The output frequency is now given as: 


(3) 


f * _ 1 _ *in =0 15 Vin/Rtn 

OUT t os +T l t os x 1mA A C os + 4.4x 10-nF 

Note that Qntj the integration capacitor has no effect on the 
transfer relation, but merely determines the amplitude of the 
sawtooth signal out of the integrator. 


(4) 


Figure 2a. Block Diagram 




One Shot Timing 

A key part of the preceding analysis is the one shot time period 
that was given in equation (1). This time period can be broken 
down into approximately 300ns of propagation delay, and a 
second time segment dependent linearly on timing capacitor 
Cos- When the one shot is triggered, a voltage switch that holds 
pin 6 at analog ground is opened allowing that voltage to change. 
An internal 0.5mA current source connected to pin 6 then draws 
its current out of Cos? causing the voltage at pin 6 to decrease 
linearly. At approximately -3.4V, the one shot resets itself, 
thereby ending the timed period and starting the V/F conversion 
cycle over again. The total one shot time period can be written 
mathematically as: 


Figure 2b. Reset Mode Figure 2c. Integrate Mode 



The positive input voltage develops a current (Iin = Vin/Rin) 
which charges the integrator capacitor Cint- As charge builds 
up on C INT , the output voltage of the integrator ramps downward 
towards ground. When the integrator output voltage (pin 1) 
crosses the comparator threshold ( - 0.6 volt) the comparator 
triggers the one shot, whose time period, tos is determined by 
the one shot capacitor Cos- 


tos _- + T gatedelay (5) 

Discharge 

substituting actual values quoted above, 

^ = -toS + 3ooxir,itc (6) 

This simplifies into the timed period equation given above. 

COMPONENT SELECTION 

Only four component values must be selected by the user. These 
are input resistance R IN , timing capacitor C 0 s> logic resistor R 2 , 
and integration capacitor Cint- The first two determine the 
input voltage and full scale frequency, while the last two are 
determined by other circuit considerations. 

Of the four components to be selected, R 2 is the easiest to define. 
As a pull up resistor, it should be chosen to limit the current 
through the output transistor to 8mA if a TTL maximum Vql 
of 0.4V is desired. For example, if a 5V logic supply is used, R 2 
should be no smaller than 5V/8mA or 62511. A larger value can 
be used if desired. 

Rin and Cos are the only two parameters available to set the full 
scale frequency to accommodate the given signal range. The 
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“swing” variable that is affected by the choice of R IN and Cos is 
nonlinearity. The selection guide of Figure 3 shows this quite 
graphically. In general, larger values of Cos and lower full scale 
input currents (higher values of R IN ) provide better linearity. In 
Figure 3, the implications of four different choices of R IN are 
shown. Although the selection guide is set up for a unipolar 
configuration with a zero to 10V input signal range, the results 
can be extended to other configurations and input signal ranges. 
For a full scale frequency of 100kHz (corresponding to 10 V 
input), you can see that among the available choices, Ri N = 20k 
and Cos = 620pF gives the lowest nonlinearity, 0.0038%. Also, 
if you wish to use the highest frequency that will give the 20ppm 
minimum nonlinearity, it is approximately 33kHz (40.2kfl and 
lOOOpF). 



Cos 


Figure 3a. Full Scale Frequency vs. C os 



Figure 3b. Typical Nonlinearity vs. C 0 s 

For input signal spans other than 10V, the input resistance 
must be scaled proportionately. For example, if lOOkfl is called 
out for a 0-10V span, 10k would be used with a 0-1V span, or 
200kfl with a ± 10V bipolar connection. 

The last component to be selected is the integration capacitor 
Cint- In almost all cases, the best value for Cint can be calculated 
using the equation: 

1 O' 4 F/sec 

Qnt = 7 (lOOOpF minimum) (7) 

*MAX 


When the proper value for Cint is used, the charge balance 
architecture of the AD650 provides continuous integration of 
the input signal, hence large amounts of noise and interference 
can be rejected. If the output frequency is measured by counting 
pulses during a constant gate period, the integration provides 
infinite normal mode rejection for frequencies corresponding to 
the gate period and its harmonics. However, if the integrator 
stage becomes saturated by an excessively large noise pulse, the 
continuous integration of the signal will be interrupted, allowing 
the noise to appear at the output. If the approximate amount of 
noise that will appear on Cint is known (Vnoise)? the value of 
Cint can be checked using the following inequality: 


Qnt > 


t os x lx 10' 1 * 3 A 

+ V S -3V- Vnoise 


( 8 ) 


For example, consider an application calling for a maximum 
frequency of 75kHz, a 0-1 volt signal range, and supply voltages 
of only ±9 volts. The component selection guide of Figure 3 is 
used to select 2.0kfl for Rin and lOOOpF for Cos- This results 
in a one shot time period of approximately 7|xs. Substituting 
75kHz into equation 7 yields a value of 1300pF for Cint- When 
the input signal is near zero, 1mA flows through the integration 
capacitor to the switched current sink during the reset phase, 
causing the voltage across C IN t to increase by approximately 5.5 
volts. Since the integrator output stage requires approximately 3 
volts head room for proper operation, only 0.5 volt margin 
remains for integrating extraneous noise on the signal line. A 
negative noise pulse at this time might saturate the integrator, 
causing an error in signal integration. Increasing Cint to 1500 
or 2000pF will provide much more noise margin, thereby elimi- 
nating this potential trouble spot. 


BIPOLAR V/F 

Figure 4 shows how the internal bipolar current sink is used to 
provide a half-scale offset for a ± 5V signal range, while providing 
a 100kHz maximum output frequency. The nominally 0.5mA 
(±10%) offset current sink is enabled when a 1.24kO resistor is 
connected between pins 4 and 5. Thus, with the grounded 
lOkfl nominal resistance shown, a -5V offset is developed at 
pin 2. Since pin 3 must also be at — 5V, the current through 
Rin is 10V/40kO= + 0.25mA at Vin= +5V, and 0mA at 
Vi N =-5V. 


Components are selected using the same guidelines outlined for 
the unipolar configuration with one alteration. The voltage 



Figure 4. Connections for ±5V Bipolar V/F with 0 to 100kHz 
TTL Output 
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across the total signal range must be equated to the maximum 
input voltage in the unipolar configuration. In other words, the 
value of the input resistor Rin is determined by the input voltage 
span, not the maximum input voltage. A diode from pin 1 to 
ground is also recommended. This is discussed further under 
“Other Circuit Conditions”. 

As in the unipolar circuit, Rin and Cos must have low temperature 
coefficients to minimize the overall gain drift. The 1.24kfl 
resistor used to activate the 0.5mA offset current should also 
have a low temperature coefficient. The bipolar offset current 
has a temperature coefficient of approximately - 200ppm/°C. 

UNIPOLAR V/F, NEGATIVE INPUT VOLTAGE 

Figure 5 shows the connection diagram for V/F conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds with zero input voltage. 

A very high impedance signal source may be used since it only 
drives the noninverting integrator input. Typical input impedance 
at this terminal is lGfl or higher. For V/F conversion of positive 
input signals using the connection diagram of Figure 1, the 
signal generator must be able to source the integration current 
to drive the AD650. For the negative V/F conversion circuit of 
Figure 5, the integration current is drawn from ground through 
R1 and R3, and the active input is high impedance. 



Figure 5. Connection Diagram for V/F Conversion, Negative 
Input Voltage 

Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in a previous section. 
For best operating results use component equations listed in 
that section. 

F/V CONVERSION 

The AD650 also makes a very linear frequency-to-voltage con- 
verter. Figure 6 shows the connection diagram for F/V conversion 
with TTL input logic levels. Each time the input signal crosses 
the comparator threshhold going negative, the one shot is activated 
and switches 1mA into the integrator input for a measured, time 
period (determined by Cos)* As the frequency increases, the 
amount of charge injected into the integration capacitor increases 
proportionately. The voltage across the integration capacitor is 
stabilized when the leakage current through R1 and R3 equals 
the average current being switched into the integrator. The net 
result of these two effects is an average output voltage which is 
proportional to the input frequency. Optimum performance can 
be obtained by selecting components using the same guidelines 
and equations listed in the V/F conversion section. 

The circuit of Figure 6 can be biased to accommodate almost 
any input signal waveform. With a TTL input, the lOOOpF 
coupling capacitor and 2.2kfl resistor creates a clean negative 



Figure 6. Connection Diagram for F/V Conversion 

spike that triggers the one shot on negative going edges. For 
input signals with slower edges, a larger capacitor and/or resistor 
may be used as long as the comparator is never exposed to a 
voltage lower than — 0.6V for longer than the one shot time 
period. If this happens, the one shot will trigger itself more 
than once per cycle, creating discontinuities in the F/V transfer 
function. An input pulse greater than 100ns but less than 0.3 x tos 
is recommended (tos is defined by equation 1 in the circuit 
operation section, unipolar configuration). 

HIGH FREQUENCY OPERATION 

Proper RF techniques must be observed when operating the 
AD650 at or near its maximum frequency of 1MHz. Lead lengths 
must be kept as short as possible, especially on the one shot and 
integration capacitors, and at the integrator summing junction. 

In addition, at maximum output frequencies above 500kHz, a 
3.6kO pulldown resistor from pin 1 to - V s is required (see 
Figure 7). The additional current drawn through the pulldown 
resistor reduces the op amp’s output impedance and improves 
its transient response. 



Figure 7. 1MHz V/F Connection Diagram 


DECOUPLING AND GROUNDING 

It is good engineering practice to use bypass capacitors on the 
supply- voltage pins and to insert small-valued resistors (10 to 
10011) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
0.1 p,F to 1.0 (xF should be applied between the supply- voltage 
pins and analog signal ground for proper bypassing on the 
AD650. 

In addition, a larger board level decoupling capacitor of ljxF to 
10|xF should be located relatively close to the AD650 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
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exploit the full linearity and dynamic range of the AD650. Although 
some types of circuits may operate satisfactorily with power 
supply decoupling at only one location on each circuit board, 
such practice is strongly discouraged in high accuracy analog 
design. 

Separate digital and analog grounds are provided on the AD650. 
The emitter of the open collector frequency output transistor is 
the only node returned to the digital ground. All other signals 
are referred to analog ground. The purpose of the two separate 
grounds is to allow isolation between the high precision analog 
signals and the digital section of the circuitry. As much as several 
hundred millivolts of noise can be tolerated on the digital ground 
without affecting the accuracy of the VFC. Such ground noise is 
inevitable when switching the large currents associated with the 
frequency output signal. 

At 1MHz full scale, it is necessary to use a pull-up resistor of 
about 5000 in order to get the rise time fast enough to provide 
well defined output pulses. This means that from a 5 volt logic 
supply, for example, the open collector output will draw 10mA. 
This much current being switched will surely cause ringing on 
long ground runs due to the self inductance of the wires. For 
instance, #20 gauge wire has an inductance of about 20nH per 
inch; a current of 10mA being switched in 50ns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of 50mV. 
The separate digital ground of the AD650 will easily handle 
these types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD650 package. A 
lp,F to 10fxF tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground 
- pin 10. The pull-up resistor should be connected directly to 
the frequency output - pin 8. The lead lengths on the bypass 
capacitor and the pull up resistor should be as short as possible. 
The capacitor will supply (or absorb) the current transients, and 
large ac signals will flow in a physically small loop through the 
capacitor, pull up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
first, there is less self-inductance if the wires are short, and 
second, the loop will not radiate RFI efficiently. 

The digital ground (pin 10) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current and cannot radiate 
RFI. There may also be a dc ground drop due to the difference 
in currents returned on the analog and digital grounds. This 
will not cause any problem. In fact, the AD650 will tolerate as 
much as 0.25 volt dc potential difference between the analog 
and digital grounds. These features greatly ease power distribution 
and ground management in large systems. Proper technique for 
grounding requires separate digital and analog ground returns to 
the power supply. Also, the signal ground must be referred 
directly to analog ground (pin 11) at the package. All of the 
signal grounds should be tied directly to pin 11, especially the 
one-shot capacitor. More information on proper grounding and 
reduction of interference can be found in reference 1 . 


TEMPERATURE COEFFICIENTS 

The drift specifications of the AD650 do not include temperature 
effects of any of the supporting resistors or capacitors. The drift 
of the input resistors R1 and R3 and the timing capacitor Cos 
directly affect the overall temperature stability. In the application 
of Figure 2, a 10ppm/°C input resistor used with a 100ppm/°C 
capacitor may result in a maximum overall circuit gain drift of: 

150ppm/°C (AD650A)+ 100ppm/°C (C 0 s) + 10ppm/°C (R IN ) = 260ppm/°C 

In bipolar configuration, the drift of the 1.24kH resistor used to 
activate the internal bipolar offset current source will directly 
affect the value of this current. This resistor should be matched 
to the resistor connected to the op amp noninverting input (pin 
2), see Figure 4. That is, the temperature coefficients of these 
two resistors should be equal. If this is the case, then the effects 
of the temperature coefficients of the resistors cancel each other, 
and the drift of the offset voltage developed at the op amp non- 
inverting input will be determined solely by the AD650. Under 
these conditions the TC of the bipolar offset voltage is typically 
- 200ppm/°C and is a maximum of -300ppm/°C. The offset 
voltage always decreases in magnitude as temperature is 
increased. 

Other circuit components do not directly influence the accuracy 
of the VFC over temperature changes as long as their actual 
values are not so different from the nominal value as to preclude 
operation. This includes the integration capacitor, Qnt- A 
change in the capacitance value of Qnt simply results in a 
different rate of voltage change across the capacitor. During the 
Integration Phase (refer to Figure 2), the rate of voltage change 
across Qnt has the opposite effect that it does during the Reset 
Phase. The result is that the conversion accuracy is unchanged 
by either drift or tolerance of Qnt. The net effect of a change 
in the integrator capacitor is simply to change the peak to peak 
amplitude of the sawtooth waveform at the output of the 
integrator. 



Figure 8. Gain TC vs. Temperature 


The gain temperature coefficient of the AD650 is not a constant 
value. Rather the gain TC is a function of both the full scale 
frequency and the ambient temperature. At a low full scale 
frequency, the gain TC is determined primarily by the stability 
of the internal reference-a buried zener reference. This low 
speed gain TC can be quite good; at 10kHz full scale, the gain 
TC near 25°C is typically 0 ± 50ppm/°C. Although the gain TC 
changes with ambient temperature (tending to be more positive 

‘“Noise Reduction Techniques in Electronic Systems”, by H. W. OTT, 
(John Wiley, 1976). 
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at higher temperatures), the drift remains within a ± 75ppm/°C 
window over the entire military temperature range. At full scale 
frequencies higher than 10kHz dynamic errors become much 
more important than the static drift of the dc reference. At a 
full scale frequency of 100kHz and above, these timing errors 
dominate the gain TC. For example, at 100kHz full scale frequency 
(Rin = 40k and Cos = 330pF) the gain TC near room temperature 
is typically - 80 ± 50ppm/°C, but at an ambient temperature 
near 4- 125°C, the gain TC tends to be more positive and is 
typically 4-15 ±50ppm/°C. This information is presented in a 
graphical form in Figure 8. The gain TC always tends to become 
more positive at higher temperatures. Therefore it is possible to 
adjust the gain TC of the AD650 by using a one-shot capacitor 
with an appropriate TC to cancel the drift of the circuit. For 
example, consider the 100kHz full scale frequency. An average 
drift of - 100ppm/°C means that as temperature is increased, 
the circuit will produce a lower frequency in reponse to a given 
input voltage. This means that the one-shot capacitor must 
decrease in value as temperature increases in order to compensate 
the gain TC of the AD650; that is, the capacitor must have a 
TC of - 100ppm/°C. Now consider the 1MHz full scale frequency. 
It is not possible to achieve very much improvement in performance 
unless the expected ambient temperature range is known. For 
example, in a constant low temperature application such as 
gathering data in an Arctic climate (approximately - 20°C), a 
Cos with a drift of - 310ppm/°C is called for in order to compensate 
the gain drift of the AD650. However, if that circuit should see 
an ambient temperature of 4-75°C, the Cos cap would change 
the gain TC from approximately Oppm to 4-310ppm/°C. 

The temperature effects of the components described above are 
the same when the AD650 is configured for negative or bipolar 
input voltages, and for F/V conversion as well. 

NONLINEARITY SPECIFICATION 

The linearity error of the AD650 is specified by the end point 
method. That is, the error is expressed in terms of the deviation 
from the ideal voltage to frequency transfer relation after calibrating 
the converter at full scale and “zero”. The nonlinearity will vary 
with the choice of one-shot capacitor and input resistor (see 
Figure 3). Verification of the linearity specification requires the 
availability of a switchable voltage source (or a DAC) having a 
linearity error below 20ppm, and the use of very long measurement 
intervals to minimize count uncertainties. Every AD650 is auto- 
matically tested for linearity, and it will not usually be necessary 
to perform this verification, which is both tedious and time 
consuming. If it is required to perform a nonlinearity test either 
as part of an incoming quality screening or as a final product 
evaluation, an automated “bench-top” tester would prove useful. 
Such a system based on the Analog Devices’ LTS-2010 is described 
in Reference 2. 

The voltage-to-frequency transfer relation is shown in Figure 9 
with the nonlinearity exaggerated for clarity. The first step in 
determining nonlinearity is to connect the end points of the 
operating range (typically at lOmV and 10V) with a straight 
line. This straight line is then the ideal relationship which is 
desired from the circuit. The second step is to find the difference 
between this line and the actual response of the circuit at a few 
points between the end points - typically ten intermediate points 
will suffice. The difference between the actual and the ideal 
response is a frequency error measured in hertz. Finally, these 
frequency errors are normalized to the full scale frequency and 
expressed either as parts per million of full-scale (ppm) or parts 

2 “V-F Converters Demand Accurate Linearity Testing”, by L. DeVito, 
(Electronic Design, March 4, 1982) 



Figure 9a. Exaggerated Nonlinearity at 100kHz Full Scale 



Figure 9b. Exaggerated Nonlinearity at 1MHz Full Scale 

per hundred of full scale (%). For example, on a 100kHz full 
scale, if the maximum frequency error is 5 Hz, the nonlinearity 
would be specified as 50ppm or 0.005%. Typically on the 100kHz 
scale, the nonlinearity is positive and the maximum value occurs 
at about midscale (Figure 9a). At higher full scale frequencies, 
(500kHz to 1MHz), the nonlinearity becomes “S” shaped and 
the maximum value may be either positive or negative. Typically, 
on the 1MHz scale (Rin — 16.9k, Cos = 51pF) the nonlinearity is 
positive below about 2/3 scale and is negative above this point. 
This is shown graphically in Figure 9b. 

PSRR 

The power supply rejection ratio is a specification of the change 
in gain of the AD650 as the power supply voltage is changed. 
The PSRR is expressed in units of parts-per-million change of 
the gain per percent change of the power supply - ppm/%. For 
example, consider a VFC with a 10 volt input applied and an 
output frequency of exactly 100kHz when the power supply 
potential is ± 15 volts. Changing the power supply to ± 12.5 
volts is a 5 volt change out of 30 volts, or 16.7%. If the output 



Figure 10. PSRR vs. Full Scale Frequency 
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frequency changes to 99.9kHz, the gain has changed 0.1% or 
lOOOppm. The PSRR is lOOOppm divided by 16.7% which 
equals 60ppm /%. 

The PSRR of the AD650 is a function of the full scale operating 
frequency. At low full scale frequencies the PSRR is determined 
by the stability of the reference circuits in the device and can be 
very good. At higher frequencies there are dynamic errors which 
become more important than the static reference signals, and 
consequently the PSRR is not quite as good. The values of 
PSRR are typically 0 ± 20ppm J% at 10kHz full scale frequency 
(RiN = 40k, Co S = 3300pF). At 100kHz (Rnsr = 40k, Cos = 330pF) 
the PSRR is typically +80 ±40ppm/%, and at 1MHz 
(Rin “ 16.9kfl, Cos = 51pF) the PSRR is +350 ±50ppm/%. 
This information is summarized graphically in Figure 10. 

OTHER CIRCUIT CONSIDERATIONS 

The input amplifier connected to pins 1, 2 and 3 is not a standard 
operational amplifier. Rather, the design has been optimized for 
simplicity and high speed. The single largest difference between 
this amplifier and a normal op amp is the lack of an integrator 
(or level shift) stage. Consequently the voltage on the output 
(pin 1) must always be more positive than 2 volts below the 
inputs (pins 2 and 3). For example, in the F to V conversion 
mode, see Figure 6, the noninverting input of the op amp (pin 
2) is grounded, which means that the output (pin 1) will not be 
able to go below — 2 volts. Normal operation of the circuit as 
shown in the figure will never call for a negative voltage at the 
output but one may imagine an arrangement calling for a bipolar 
output voltage (say ±10 volts) by connecting an extra resistor 
from pin 3 to a positive voltage. This will not work. 

Care should be taken under conditions where a high positive 
input voltage exists at or before power up. These situations can 
cause a latch up at the integrator output (pin 1). This is a non- 
destructive latch and, as such, normal operation can be restored 
by cycling the power supply. Latch up can be prevented by 
connecting two diodes (e.g., 1N914 or 1N4148) as shown in 
Figure 4 thereby preventing pin 1 from swinging below pin 2. 

A second major difference is that the output will only sink 1mA 
to the negative supply. There is no pulldown stage at the output 
other than the 1mA current source used for the V to F conversion. 
The op amp will source a great deal of current from the positive 
supply, and it is internally protected by current limiting. The 
output of the op amp may be driven to within 3 volts of the 
positive supply when it is not sourcing external current. When 
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Figure 1 1. Bipolar Offset Current vs. External Resistor 


sourcing 10mA the output voltage may be driven to within 6 
volts of the positive supply. 

A third difference between this op amp and a normal device is 
that the inverting input, pin 3, is bias current compensated and 
the noninverting input is not bias current compensated. The 
bias current at the inverting input is nominally zero, but may be 
as much as 20nA in either direction. The noninverting input 
typically has a bias current of 40nA that always flows into the 
node (an npn input transistor). Therefore, it is not possible to 
match input voltage drops due to bias currents by matching 
input resistors. 

The op amp has provisions for trimming the input offset voltage. 
A potentiometer of 20kfl is connected to pins 13 and 14 and the 
wiper is connected to the positive supply through a 250kfl resistor. 
A potential of about 0.6 volt is established across the 250kfl 
resistor, and the 3pA current is injected into the null pins. It is 
also possible to null the op amp offset voltage by using only one 
of the null pins and use a bipolar current either into or out of 
the null pin. The amount of current required will be very small 
- typically less than 3(xA. This technique is shown in the appli- 
cations section of this data sheet: the auto-zero circuit uses this 
technique. 

The bipolar offset current is activated by connecting a 1.24kfl 
resistor between pin 4 and the negative supply. The resultant 
current delivered to the op amp noninverting input is nominally 
0.5mA and has a tolerance of ± 10%. This current is then used 
to provide an offset voltage when pin 2 is tied to ground through 
a resistor. The 0.5mA which appears at pin 2 is also flowing 
through the 1.24kH resistor and this current may be measured 
by observing the voltage across the 1.24kfl resistor. An external 
resistor is used to activate the bipolar offset current source to 
provide the lowest tolerance and temperature drift of the resultant 
offset voltage. It is possible to use other values of resistance 
between pin 4 and - V s to obtain a bipolar offset current different 
than 0.5mA. Figure 11 is a graph of the relationship between 
the bipolar offset current and the value of the resistor used to 
activate the source. 


V CM is THE COMMON MODE INPUT — *■■ +• 15V to - 5V WITH RESPECT TO ANALOG GROUND 
V IN IS THE SIGNAL INPUT-*- ± 5V WITH RESPECT TO V CM 



Figure 12. AD650 Differential Input 
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APPLICATIONS 

DIFFERENTIAL VOLTAGE-TO-FREQUENCY 
CONVERSION 

The circuit of Figure 12 accepts a true floating differential input 
signal. The common mode input, Vqmj may be in the range 
4 - 15 to -5 volts with respect to analog ground. The signal 
input, Vjn, may be ±5 volts with respect to the common mode 
input. Both inputs are low impedance: the source which drives 
the common mode input must supply the 0.5mA drawn by the 
bipolar offset current source and the source which drives the 
signal input must supply the integration current. 

If less common mode voltage range is required, a lower voltage 
zener may be used. For example, if a 5 volt zener is used, the 
Vcm input may be in the range + 10 to - 5 volt. If the zener is 
not used at all, the common mode range will be ±5 volts with 
repect to analog ground. If no zener is used, the 10k pulldown 
resistor is not needed and the integrator output (pin 1) is connected 
directly to the comparator input (pin 9). 

AUTO ZERO CIRCUIT 

In order to exploit the full dynamic range of the AD650 VFC, 
very small input voltages will need to be converted. For example, 
a six decade dynamic range based on a full scale of 10 volts will 
require accurate measurement of signals down to IOjxV. In these 
situations a well-controlled input offset voltage is imperative. A 
constant offset voltage will not affect dynamic range but simply 
shift all of the frequency readings by a few hertz. However, if 
the offset should change, then it will not be possible to distinguish 
between a small change in a small input voltage and a drift of 
the offset voltage. Hence, the useable dynamic range is less. 

The circuit shown in Figure 13 provides automatic adjustment 
of the op amp offset voltage. The circuit uses an AD582 sample 
and hold amplifier to control the offset and the input voltage to 
the VFC is switched between ground and the signal to be measured 
via an AD7512DI analog switch. The offset of the AD650 is 
adjusted by injecting a current into or drawing a current out of 
pin 13. Note that only one of the offset null pins is used. During 
the “VFC Norm” mode, the SHA is in the hold mode and the 
hold capacitor is very large, 0.1 |xF, to hold the AD650 offset 
constant for a long period of time. 



Figure 13. Auto-Zero Circuit for AD650 Voltage-to- 
Frequency Converter 

When the circuit is in the “Auto Zero” mode the SHA is in 
sample mode and behaves like an op amp. The circuit is a variation 
of the classical two amplifier servo loop, where the output of the 
Device Under Test (DUT) - here the DUT is the AD650 op 
amp - is forced to ground by the feedback action of the control 
amplifier - the SHA. Since the input of the VFC circuit is 


connected to ground during the auto zero mode, the input current 
which can flow is determined by the offset voltage of the AD650 
op amp. Since the output of the integrator stage is forced to 
ground it is known that the voltage is not changing (it is equal 
to ground potential). Hence if the output of the integrator is 
constant, its input current must be zero, so the offset voltage 
has been forced to be zero. Note that the output of the DUT 
could have been forced to any convenient voltage other than 
ground. All that is required is that the output voltage be known 
to be constant. Note also that the effect of the bias current at 
the inverting input of the AD650 op amp is also nulled in this 
circuit. The lOOOpF capacitor shunting the 200kD resistor is 
compensation for the two amplifier servo loop. Two integrators 
in a loop requires a single zero for compensation. Note that the 
3.6kO resistor from pin 1 of the AD650 to the negative supply 
is not part of the auto-zero circuit, but rather it is required for 
VFC operation at 1MHz. 

PHASE LOCKED LOOP F/V CONVERSION 

Although the F/V conversion technique shown in Figure 6 is 
quite accurate and uses only a few extra components, it is very 
limited in terms of signal frequency response and carrier feed- 
through. If the carrier (or input) frequency changes instantane- 
ously, the output cannot change very rapidly due to the integrator 
time constant formed by Cint and Rin. While it is possible to 
decrease the integrator time constant to provide faster settling of 
the F to V output voltage, the carrier feedthrough will then be 
larger. For signal frequency response in excess of 2kHz, a phase 
locked F/V conversion technique such as the one shown in 
Figure 14 is recommended. 



Figure 14. Phase Locked Loop F/V Conversion 


In a phase locked loop circuit, the oscillator is driven to a frequency 
and phase equal to an input reference signal. In applications 
such as a synthesizer, the oscillator output frequency is first 
processed through a programmable “divide by N” before being 
applied to the phase detector as feedback. Here the oscillator 
frequency is forced to be equal to “N times” the reference 
frequency and it is this frequency output which is the desired 
output signal and not a voltage. In this case, the AD650 offers 
compact size and wide dynamic range. 

In signal recovery applications of a PLL, the desired output 
signal is the voltage applied to the oscillator. In these situations 
a linear relationship between the input frequency and the output 
voltage is desired; the AD650 makes a superb oscillator for FM 
demodulation. The wide dynamic range and outstanding linearity 
of the AD650 VFC allow simple embodiment of high performance 
analog signal isolation or telemetry systems. The circuit shown 
in Figure 14 uses a digital phase detector which also provides 
proper feedback in the event of unequal frequencies. Such phase- 
frequency detectors (PFD’s) are available in integrated form. 
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For a full discussion of phase lock loop circuits see Reference 3. 

An analysis of this circuit must begin at the 7474 dual D flip 
flop. When the input carrier matches the output carrier in both 
phase and frequency, the Q outputs of the flip flops will rise at 
exactly the same time. With two zero’s, then two one’s on the 
inputs of the exclusive or (XOR) gate, the output will remain 
low keeping the DMOS FET switched off. Also, the NAND 
gate will go low resetting the flip-flops to zero. Throughout the 
entire cycle just described, the DMOS integrator gate remained 
off, allowing the voltage at the integrator output to remain un- 
changed from the previous cycle. However, if the input carrier 
leads the output carrier by a few degrees, the XOR gate will be 
turned on for the small time span that the two signals are mis- 
matched. Since Q 2 will be low during the mismatch time, a 
negative current will be fed into the integrator, causing its output 
voltage to rise. This in turn will increase the frequency of the 
AD650 slightly, driving the system towards synchronization. In 
a similar manner, if the input carrier lags the output carrier, the 
integrator will be forced down slightly to synchronize the two 
signals. 

Using a mathematical approach, the ±25pA. pulses from the 
phase detector are incorporated into the phase detector 
gain, K d . 

K d = = 4 x 1 0" 6 amperes/radian ^ 

2tt 

Also, the V/F converter is configured to produce 1MHz in 
response to a 10 volt input, so its gain K 0 is: 

2ttx1x10*Hz s jaduw 

10V volt -sec V ' 

The dynamics of the phase relationship between the input and 
output signals can be characterized as a second order system 
with natural frequency a> n : 


and damping factor 


For the values shown in Figure 14, these relations simplify to a 
natural frequency of 35kHz with a damping factor of 0.8. 

For those desiring a simple approach to determining component 
values for other PLL frequencies and VFC full scale voltage, 
the following cookbook steps can be used: 

1 . Determine K 0 (in units of radians per volt second) from the 
maximum input carrier frequency F max (in hertz) and the 
maximum output voltage V ma x- 

K ° = 2lT v Fma * (13) 

''max 

2. Calculate a value for C based upon the desired loop bandwidth, 
f n . Note that this is the desired frequency range of the output 
signal. The loop bandwidth (f n ) is not the maximum carrier 
frequency (f max )' the signal may be very narrow even though 
it is transmitted over a 1MHz carrier. 


K n V m F C units FARADS 

C=r-?- 1 x lO' 7 -— — f„ units HERTZ (14) 

f„ Rad-sec K> units rad/VOLT-SEC 

3. Calculate R to yield a damping factor of approximately 0.8 
using this equation: 


•2.5 x 10 6 - 


R units OHMS 

f n units HERTZ (15) 

K 0 units RAD/VOLT*SEC 


If in actual operation the PLL overshoots or hunts excessively 
before reaching a final value, the damping factor may be raised 
by increasing the value of R. Conversely, if the PLL is overdamped, 
a smaller value of R should be used. 

PLL PERFORMANCE 

The performance of the PLL circuit is demonstrated by the 
system shown in Figure 15; an analog signal is converted into a 
frequency, and then this frequency is converted back into an 
analog voltage by the PLL. 
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Figure 75. 


3 “Phase lock Techniques”, by F.M. Gardner, 2nd Edition, 1979, John Wiley 
and Sons. 
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The source of the frequency input signal used to drive the PLL 
is an AD650 with two separate inputs: one for dc to set the 
carrier frequency, and one for ac to establish a modulation. 

Note how the summing junction input to the AD650 allows 
such flexibility. The output frequency is then relayed to the 
PLL via a jumper cable. The signal at this point is a 5 volt 
digital pulse train and as such may be transmitted in any fashion 
suitable to the application at hand. For example, galvanic isolation 
is achieved with a simple transformer or opto-isolator; extremely 
high voltage isolation or transmission through severe RF envi- 
ronments can be accomplished with a fiber-optic link; telemetry 
can be accomplished with a radio link. The actual method of 
conveying the pulses is not crucial to the system performance. 
The PLL is the circuit shown in Figure 14, and the filter shown 
on the output signal is simply to attenuate carrier feedthrough 
to allow easy interpretation of the signal with an oscilloscope 
and spectrum analyzer. 

The step response of the system is shown in Figure 16a. The 
signal output is swinging between 5 volts and 10 volts, for an 
input step of 500kHz to 1MHz. Note that the AD650 is actually 


overshooting to 1.1 MHz and the response remains well controlled. 
Note the slight irregularity during the transition: this is caused 
by cycleslipping during the slew where feedback is lost temporarily 
and the PLL actually loses phase lock. The frequency response 
of the system when driven with sinewave excitation is shown in 
Figure 16b. Here the output level is set to 2 volts peak to peak, 
and the carrier is 800kHz. Note that the — 3dB bandwidth is 
about 70kHz, which is consistent with a damping factor of 0.8 
and a natural frequency of 35kHz 4 . When an unmodulated 
carrier is applied to the PLL, the noise that appears at the 
output determines the dynamic range of the system. The spectrum 
of the noise at the output of the PLL is shown in Figure 16c. 

By comparing this with Figure 16b, the dynamic range of the 
system is seen to be 80dB. The harmonic distortion of the system 
is shown in Figure 16d. The output is a 2V p-p sinewave at 
5kHz, and the amplitude of the first harmonic is seen to be 
48dB below the fundamental. The harmonic distortion can be 
improved to the level of 60dB by reducing the amplitude of the 
modulation, but this is at the expense of dynamic range since 
the intensity of the noise floor remains constant. 



Figure 16a. Step Response 




Figure 16c. Noise Output from PLL 



Figure 16b. Frequency Response 


Figure 16d. Harmonic Distortion of PLL System 


4 See page 13 of reference 3. 
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Monolithic Synchronous 
Voltage-to-Frequency Converter 



FEATURES 

Full-Scale Frequency (Up to 2MHz) Set by External 
System Clock 

Extremely Low Linearity Error (0.005% max at 1MHz 
FS, 0.02% max at 2MHz FS) 

No Critical External Components Required 
Accurate 5V Reference Voltage 
Low Drift (25ppm/°C max) 

Dual or Single Supply Operation 
Voltage or Current Input 



PRODUCT DESCRIPTION 

The AD652 Synchronous Voltage-to-Frequency Converter (SVFC) 
is a powerful building block for precision analog-to-digital con- 
version, offering typical nonlinearity of 0.002% (0.005% 
maximum) at a 100kHz output frequency. The inherent 
monotonicity of the transfer function and wide range of clock 
frequencies allows the conversion time and resolution to be 
optimized for specific applications. 

The AD652 uses a variation of the popular charge-balancing 
technique to perform the conversion function. The AD652 uses 
an external clock to define the full-scale output frequency, rather 
than relying on the stability of an external capacitor. The result 
is a more stable, more linear transfer function, with significant 
application benefits in both single- and multi-channel systems. 

Gain drift is minimized using a precision low-drift reference and 
low-TC on-chip thin-film scaling resistors. Furthermore, the 
initial gain error is reduced to less than 0.5% by the use of 
laser-wafer-trimming. 

The analog and digital sections of the AD652 have been designed 
to allow operation from a single-ended power source, simplifying 
its use with isolated power supplies. 

The AD652 is available in five performance grades. The 20-pin 
PLCC packaged JP and KP grades are specified for operation 
over the 0 to + 70°C commercial temperature range. The 16-pin 
cerdip-packaged AQ and BQ grades are specified for operation 
over the -40°C to +85°C industrial temperature range, and the 
AD652SQ is available for operation over the full - 55°C to 
+ 125°C extended temperature range. 

PRODUCT HIGHLIGHTS 

1 . The use of an external clock to set the full-scale frequency 
allows the AD652 to achieve linearity and stability far superior 
to other monolithic VFCs. By using the same clock to drive 
the AD652 and (through a suitable divider) also set the counting 
period, conversion accuracy is maintained independent of 
variations in clock frequency. 


NC + V S NC COMP REF NC 



8V OPTIONAL -V s C OS CLOCK 

INPUT 10V INPUT 

INPUT 


PLCC 

2. The AD652 Synchronous VFC requires only a single external 
component (a noncritical integrator capacitor) for operation. 

3. The AD652 includes a buffered, accurate 5V reference which 
is available to the user. 

4. The clock input of the AD652 is TTL and CMOS compatible 
and can also be driven by sources referred to the negative 
power supply. The flexible open-collector output stage provides 
sufficient current sinking capability for TTL and CMOS 
logic, as well as for optical couplers and pulse transformers. 

A capacitor-programmable one-shot is provided for selection 
of optimum output pulse width for power reduction. 

5. The AD652 can also be configured for use as a synchronous 
F/V converter for isolated analog signal transmission. 
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(typical @ T« = + 25°C, V s = ± 15V, unless otherwise noted) 


Parameter 

AD652JP/AQ/SQ 

Min Typ Max 

AD652KP/BQ 
Min Typ 

Max 

Units 

VOLTAGE-TO-FREQUENCY MODE 







Gain Error 







fcLocic = 200kHz 

±0.5 

±1 


±0.25 

±0.5 

% 

fcLOCK = 1MHz 

±0.5 

±1 


±0.25 

±0.5 

% 

Cclock = 4MHz 

±0.5 

±1.5 


±0.25 

±0.75 

% 

Gain Temperature Coefficient 







<clock = 200kHz 

±25 

±50 


±15 

±25 

ppm/°C 

fcLOCK ~ 1MHz 

±25 

±50 


±15 

±25 

ppm/°C 


±10 

±25 


±10 

±15 

ppmAD 1 

^clock == 4MHz 

±25 

±75 


±15 

±50 

ppm/°C 

Power Supply Rejection Ratio 

0.001 

0.01 


0.001 

0.01 

%/V 

Linearity Error 







fcLOCK = 200kHz 

±0.002 

±0.02 


±0.002 

±0.005 

% 

fcLOCK = 1MHz 

±0.002 

±0.02 


±0.002 

±0.005 

% 

^clock = 2MHz 

±0.01 

±0.02 


±0.002 

±0.005 

% 

fcLocK = 4MHz 

±0.02 

±0.05 


±0.01 

±0.02 

% 

Offset (Transfer Function . RTI) 

± 1 

± 3 


± 1 

±2 

mV 

Offset Temperature Coefficient 

±10 

±50 


±10 

±25 

|xV/°C 

Response Time 

| One Period of New Output Frequency Plus One Clock Period. 



FREQUENCY-TO- VOLTAGE MODE 







Gain Error 







fiN = 100kHz FS 

±0.5 

±1 


±0.25 

±0.5 

% 

Linearity Error 







fi N = 100kHz FS 

±0.002 

±0.02 


±0.002 

±0.01 

% 

INPUT RESISTORS 







Cerdip (Figure la.) (0 to + 10V FS Range) 

19.8 20 

20.2 

19.8 

20 

20.2 

kn 

PLCC (Figure lb.) 







Pin 8 to Pin 7 

9.9 10 

10.1 

9.9 

10 

10.1 

kft 

Pin 7 to Pin 5 (0 to + 5 V FS Range) 

9.9 10 

10.1 

9.9 

10 

10.1 

ka 

Pin 8 to Pin 5 (0 to + 10V FS Range) 

19.8 20 

20.2 

19.8 

20 

20.2 

ka 

Pin 9 to Pin 5 (0 to + 8V FS Range) 

15.8 16 

16.2 

15.8 

16 

16.2 

ka 

Pin 10 to Pin 5 (Auxiliary Input) 

19.8 20 

20.2 

19.8 

20 

20.2 

ka 

Temperature Coefficient (All) 

±50 

±100 


±50 

±100 

ppm/°C 

INTEGRATOR OP AMP 







Input Bias Current 







Inverting Input (Pin 5) 

±5 

±20 


±5 

±20 

nA 

Noninverting Input (Pin 6) 

20 

50 


20 

50 

nA 

Input Offset Current 

20 

70 


20 

70 

nA 

Input Offset Current Drift 

1 

3 


1 

2 

nA/°C 

Input Offset Voltage 

±1 

±3 


±1 

±2 

mV 

Input Offset Voltage Drift 

±10 

±25 


±10 

±15 

l±V/°C 

Open Loop Gain 

86 



86 


dB 

Common-Mode Input Range 

-V s +5 

+ V S — 5 

-V s +5 


+ V s -5 

V 

CMRR 

80 


80 



dB 

Bandwidth 

14 95 


14 

95 


MHz 

Output Voltage Range 

-1 

( + V s — 4) 

-1 


( + V s — 4) 

V 

(Referred to Pin 6, R! > = 5k) 







COMPARATOR 







Input Bias Current 

0.5 

5 


0.5 


|xA 

Common-Mode Voltage 

-V s + 4 

+ V s -4 




V 

CLOCK INPUT 







Maximum Frequency 

4 5 


4 

5 


MHz 

Threshold Voltage (Referred to Pin 12) 

1.2 



1.2 


V 

Tnun-T^ 

0.8 

2.0 

0.8 


2.0 

V 

Input Current 







(-Vs<Vclk< + V s ) 

5 

20 


5 

20 

|xA 

Voltage Range 

-V s 

+ v s 

-V s 


+ v s 

V 

Rise Time 


2 



2 

H,s 
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AD652 



AD652JP/AQ/SQ 

AD652KP/BQ 



Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

OUTPUT STAGE 








Vol(Iout= 10mA) 

Iol 



0.4 



0.4 

V 

V ol <0.8V 



15 



15 

mA 

V OL <0.4V,T mixi -T max 



8 



8 

mA 

Ioh (Off Leakage) 


0.01 

10 


0.01 

10 

fxA 

Delay Time, Positive Clock Edge to 

150 

200 

250 

150 

200 

250 

ns 

Output Pulse 

Fall Time (Load = 500pF and Isink = 5mA) 


100 



100 


ns 

Output Capacitance 


5 



5 


pF 

OUTPUT ONE-SHOT 








Pulse Width 








Cos = 300pF 

1 

1.5 

2 

1 

1.5 

2 

(IS 

Cos = 1000pF 

4 

5 

6 

4 

5 

6 

(IS 

REFERENCE OUTPUT 








Voltage 

4.950 

5.0 

5.050 

4.975 

5.0 

5.025 

V 

Drift 

Output Current 



100 



50 

ppm/°C 

Source T min to T max 

10 



10 



mA 

Sink 

Power Supply Rejection 

100 

500 


100 

500 


(iA 

(Supply Range = ± 12.5V to ± 17.5V) 



0.015 



0.015 

%/V 

Output Impedance (Sourcing Current) 


0.3 

2 


0.3 

2 

a 

POWER SUPPLY 








Rated Voltage 

Operating Range 


±15 

1 


±15 


V 

Dual Supplies 

±6 

±15 

±18 

±6 

±15 

±18 

V 

Single Supply ( - V s = 0) 

+ 12 


+ 36 

+ 12 


+ 36 

V 

Quiescent Current 


±11 

±15 


±11 

±15 

mA 

Digital Common 

-V s 


+ V S — 4 

-V s 


+ V S — 4 

V 

Analog Common 

-V s 


+v s 

-V s 


+v s 

V 

TEMPERATURE RANGE 








Specified Performance 








JP, KP Grade 

0 


+ 70 

0 


+ 70 

°C 

AQ,BQ Grade 

-40 


+ 85 

-40 


+ 85 

°C 

SQ Grade 

-55 


+ 125 




°C 


NOTES 

'Referred to internal Vref- In PLCC package, tested on 10V input range only. 

Specifications in boldface are 100% tested at final test and are used to measure outgoing quality levels. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage + V s to -V s 36V 

Maximum Input Voltage (Figure 6) 36V 

Maximum Output Current (Open Collector Output) . . 50mA 

Amplifier Short Circuit to Ground Indefinite 

Storage Temperature Range: Cerdip .... -65°Cto + 150°C 
PLCC .... -65°C to + 150°C 


ORDERING GUIDE 


Part 

Number 

Gain 

Drift 

ppm/°C 

100kHz 

1MHz 
Linearity % 

Specified 
Temperature 
Range °C 

Package 

Options* 

AD652JP 

50 max 

0.02 max 

0 to + 70 

PLCC (P-20A) 

AD652KP 

25 max 

0.005 max 

0 to + 70 

PLCC (P-20 A) 

AD652AQ 

50 max 

0.02 max 

-40 to +85 

Cerdip (Q- 16) 

AD652BQ 

25 max 

0.005 max 

-40 to +85 

Cerdip (Q- 16) 

AD652SQ 

50 max 

0.02 max 

- 55 to + 125 

Cerdip (Q-16) 


DEFINITIONS OF SPECIFICATIONS 

GAIN ERROR - The gain of a voltage-to-frequency converter 
is that scale factor setting that provides the nominal conversion 
relationship, e.g. 1MHz full scale. The “gain error” is the dif- 
ference in slope between the actual and ideal transfer functions 
for the V-F converter. 

LINEARITY ERROR - The “linearity error” of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 

GAIN TEMPERATURE COEFFICIENT - The gain temperature 
coefficient is the rate of change in full-scale frequency as a function 
of the temperature from + 25°C to T,^ or T,^. 


*See Section 14 for package outline information. 
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AD652 PIN CONFIGURATIONS 


PIN 

"Q" CERDIP 

"P" PLCC 

1 

+V S 

NC 

2 

TRIM 

+ V S 

3 

TRIM 

NC 

4 

OP AMP OUT 

OP AMP OUT 

5 

OP AMP"-" 

OP AMP"-" 

6 

OP AMP " + " 

OPAMP"+" 

7 

10 VOLT INPUT 

5 VOLT INPUT 

8 

-V s 

10 VOLT INPUT 

9 

Cos 

8 VOLT INPUT 

10 

CLOCK INPUT 

OPTIONAL 10V INPUT 

11 

FREQ OUT 

-V s 

12 

DIGITAL GND 

Cos 

13 

ANALOG GND 

CLOCK INPUT 

14 

COMP"-" 

FREQ OUT 

15 

COMP " + " 

DIGITAL GROUND 

16 

COMP REF 

ANALOG GND 

17 


COMP"-" 

18 


COMP" + " 

19 


NC 

20 


COMP REF 


frequency output pulses and the user supplied clock greatly 
simplifies this signal acquisition. Also, if the clock signal is 
provided by a VFC, then the output frequency of the SVFC 
will be proportional to the product of the two input voltages. 
Hence, multiplication and A-to-D conversion on two signals are 
performed simultaneously. 

The pinouts of the AD652 SVFC are shown in Figure 1. A 
block diagram of the device configured as a SVFC, along with 
various system waveforms, is shown in Figure 2. 


+ V S 

TRIM 

TRIM 

OP AMP OUT 

OP AMP"-" 

OPAMP-+" 

10 VOLT INPUT 

-V s 



COMP REF 


ANALOG GND 


DIGITAL GND 


FREQ OUT 


CLOCK INPUT 


Cos 


THEORY OF OPERATION 

A synchronous VFC is similar to other voltage-to-frequency 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an internal reference current. However, 
rather than using a one-shot as the primary timing element 
which requires a high quality and low drift capacitor, a synchronous 
voltage-to-frequency converter (SVFC) uses an external clock; 
this allows the designer to determine the system stability and 
drift based upon the external clock selected. A crystal oscillator 
may also be used if desired. 

The SVFC architecture provides other system advantages besides 
low drift. If the output frequency is measured by counting 
pulses gated to a signal which is derived from the clock, the 
clock stability is unimportant and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution 
A/D. If a large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 


a. AD652 Cerdip Pin Configuration 


NC COMP REF NC 



8 V OPTIONAL 

INPUT 10V 
INPUT 


b. AD652 PLCC Pin Configuration 


Figure 1. 
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Figure 2 shows the typical up-and-down ramp integrator output 
of a charge-balance VFC. After the integrator output has crossed 
the comparator threshold and the output of the AND gate has 
gone high, nothing happens until a negative edge of the clock 
comes along to transfer the information to the output of the D- 
FLOP. At this point, the clock level is low, so the latch does 
not change state. When the clock returns high, the latch output 
goes high and drives the switch to reset the integrator. At the 
same time the latch drives the AND gate to a low output state. 
On the very next negative edge of the clock the low output state 
of the AND gate is transferred to the output of the D-FLOP 
and then when the clock returns high, the latch output goes low 
and drives the switch back into the Integrate Mode. At the 
same time the latch drives the AND gate to a mode where it 
will truthfully relay the information presented to it by the 
comparator. 

Since the reset pulses applied to the integrator are exactly one 
clock period long, the only place where drift can occur is in a 
variation of the symmetry of the switching speed with temperature. 
Since each reset pulse is identical to every other, the AD652 
SVFC produces a very linear voltage to frequency transfer relation. 
Also, since all of the reset pulses are gated by the clock, there 
are no problems with dielectric absorption causing the duration 
of a reset pulse to be influenced by the length of time since the 
last reset. 


periods of integrate. This is shown in Figure 3. If the input 
current is increased by a very small amount, the output frequency 
should also increase by a very small amount. Initially, however, 
no output change is observed for a very small increase in the 
input current. The output frequency continues to run at one 
quarter of the clock, delivering an average of 250fxA to the 
summing junction. Since the input current is slightly larger than 
this, charge accumulates in the integrator and the sawtooth 
signal starts to drift downward. As the integrator sawtooth drifts 
down, the comparator threshold is crossed earlier and earlier in 
each successive cycle, until finally, a whole cycle is lost. When 
the cycle is lost, the Integrate Phase lasts for two periods of the 
clock instead of the usual three periods. Thus, among a long 
string of divide-by-four’s an occasional divide-by- three occurs; 
the average of the output frequency is very close to one quarter 
of the clock, but the instantaneous frequency can be very different. 




Figure 2. AD652 Block Diagram and System Wafeforms 

Referring to Figure 2, it can be seen that the period between 
output pulses is constrained to be an exact multiple of the clock 
period. Consider an input current of exactly one quarter of the 
value of the reference current. In order to achieve a charge 
balance, the output frequency will equal the clock frequency 
divided by four; one clock period for reset and three clock 


Figure 3. Integrator Output for l /N - 250/xA 

Because of this, it is very difficult to observe the waveform on 
an oscilloscope. During all of this time, the signal at the output 
of the integrator is a sawtooth wave with an envelope which is 
also a sawtooth. This is shown in Figure 4. 



Figure 4. In tegrator Output for l, N Slightly Greater 
than 250/jlA 

Another way to view this is that the output is a frequency of 
approximately one quarter of the clock that has been phase 
modulated. A constant frequency can be thought of as ac- 
cumulating phase linearly with time at a rate equal to 2'irf radians 
per second. Hence, the average output frequency which is slightly 
in excess of a quarter of the clock will require phase accumulation 
at a certain rate. However, since the SVFC is running at exactly 
one quarter of the clock, it will not accumulate enough phase 
(see Figure 5). When the difference between the required phase 
(average frequency) and the actual phase equals 2tt, a step in 
phase is taken where the deficit is made up instantaneously. 

The output frequency is then a steady carrier which has been 
phase modulated by a sawtooth signal (see Figure 5). The period 
of the sawtooth phase modulation is the time required to ac- 
cumulate a 2tt difference in phase between the required average 
frequency and one quarter of the clock frequency. The amplitude 
of the sawtooth phase modulation is 2 tt. 
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The result of this synchronism is that the rate at which data 
may be extracted from the series bit stream produced by the 
SVFC is limited. The output pulses are typically counted during 
a fixed gate interval and the result is interpreted as an average 
frequency. The resolution of such a measurement is determined 
by the clock frequency and the gate time. For example, if the 
clock frequency is 4MHz and the gate time is 4.096ms, then a 
maximum count of 8,192 is produced by a full-scale frequency 
of 2MHz. Thus, the resolution is 13 bits. 

OVERRANGE 

Since each reset pulse is only one clock period in length, the 
full-scale output frequency is equal to one-half the clock frequency. 
At full scale the current steering switch spends half of the time 
on the summing junction; thus, an input current of 0.5mA can 
be balanced. In the case of an overrange, the output of the 
integrator op amp will drift in the negative direction and the 
output of the comparator will remain high. The logic circuits 
will then simply settle into a “divide-by-two” of the clock state. 

SVFC CONNECTION FOR DUAL SUPPLY, POSITIVE 
INPUT VOLTAGES 

Figure 6 shows the AD652 connection scheme for the traditional 
dual supply, positive input mode of operation. The ±Vs range 
is from ±6 to ±18 volts. When + Vs is lower than 9.0 volts, it 
is necessary to short pin 13 to pin 8 (Analog Ground to - V s ). 
Shorting these pins together will ensure proper operation of the 
5V reference. 



Figure 6. Standard V/F Connection for Positive Input Voltage 
with Dual Supply 

The cerdip packaged AD652 accepts either a 0 to 10V or 0 to 
0.5mA full-scale input signal. The temperature drift of the 
AD652 is specified for a 0 to 10V input range using the internal 
20kH resistor. If a current input is used, the gain drift will be 


degraded by a maximum of 100ppm/°C (the TC of the 20kfl 
resistor). If an external resistor is connected to pin 5 to establish 
a different input voltage range, drift will be induced to the 
extent that the external resistor’s TC differs from the TC of the 
internal resistor. The external resistor used to establish a different 
input voltage range should be selected as to provide a full-scale 
current of 0.5mA (i.e., lOkH for 0 to 5V). 

SVFC CONNECTIONS FOR NEGATIVE INPUT 
VOLTAGES 

Voltages which are negative with respect to ground may be used 
as the input to the AD652 SVFC. In this case, pin 7 is grounded 
and the input voltage is applied to pin 6 (see Figure 7). In this 
mode the input voltage can go as low as 4 volts above - Vs. In 
this configuration the input is a high impedance, and only the 
20nA (typical) input bias current of the op amp need be supplied 
by the input signal. This is contrasted with the more usual 
positive input voltage configuration, which has a 20kl! input 
impedance and requires 0.5mA from the signal source. 



Figure 7. Negative Voltage Input 


SVFC CONNECTION FOR BIPOLAR INPUT VOLTAGES 

A bipolar input voltage of ± 5V can be accommodated by injecting 
a 250|xA current into pin 5. This is shown in Figure 8a. A -5V 
signal will then provide a zero sum current at the integrator 
summing junction which will result in a zero output frequency, 
while a + 5V signal will provide a 0.5mA (full- scale) sum current 
which will result in the full-scale output frequency. 

The use of an external resistor to inject the offset current will 
have some effect on the bipolar offset temperature coefficient. 
The ideal transfer curve with bipolar inputs is shown in Figure 
8b. The user actually has four options to use in injecting the 
bipolar offset current into the inverting input of the op amp: 

1) use an external resistor for Ros and the internal 20k resistor 
for R in (as shown in Figure 8a); 2) use the internal 20k resistor 
as Ros and an external Ri N ; 3) use two external resistors; 4) use 
two internal resistors for R IN and R 0 s (available on PLCC version 
only). 

Option #4 provides the closest to the ideal transfer function as 
diagrammed in Figure 8b. Figure 8c shows the effects on the 
transfer relation of the other three options. In the first case, the 
slope of the transfer function is unchanged with temperature. 
However, V ZE ro ( the input voltage required to produce an 
output frequency of 0Hz) and F ZE ro (the output frequency 
when V IN = 0V) changes as the transfer function is displaced 
parallel to the voltage axis with temperature. In the second case, 
Fzero remains constant, but V ZE ro changes as the transfer 
function rotates about F ZE ro with temperature changes. In the 
third case, with two external resistors, the V ZER o point remains 
invariant while the slope and offset of the transfer function 
change with temperature. If selecting this third option, the user 
should select low drift, matched resistors. 
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a. Bipolar Offset 



b. Ideal Bipolar Input Transfer Curve Over Temperature 




c. Actual Bipolar Input Transfer Over Temperature 
Figure 8. 


PLCC CONNECTIONS 

The PLCC packaged AD652 offers additional input resistors not 
found on the cerdip-packaged device. These resistors provide 
the user with additional input voltage ranges. Besides the 10V 
range available using the on-chip resistor in the cerdip part, the 
PLCC device also offers 8V and 5V ranges. Figures 9a-9c show 
the proper connections for these ranges with positive input 
voltages. For negative input voltages, the appropriate resistor 
should be tied to analog ground and the input voltage should be 
applied to pin 6, the “ + ” input of the op amp. 


Bipolar input voltages can be accommodated by injecting a 
250 |aA into pin 5 with the use of the 5V reference and the input 
resistors. For ±5V or ±2.5V range the reference output, pin 


20, should be tied to pin 10. The input signal should then be 
applied to pin 8 for a ±5V signal and pin 7 for a ±2.5V signal. 
The input connections for a ± 5V range are shown in Figure 
9d. For a ±4V range, the input signal should be applied to pin 
9, and pin 20 should be connected to pin 8. 



a. PLCC 0 to + 10V Input b. PLCC 0 to -h8V Input 



c. PLCC Oto-h 5V Input d. PLCC ± 5V Input 

Figured. 

GAIN AND OFFSET CALIBRATION 

The gain error of the AD652 is laser trimmed to within ±0.5%. 
If higher accuracy is required, the internal 20kfl resistor must 
be shunted with a 2M fl resistor to produce a parallel equivalent 
which is 1% lower in value than the nominal 20k LI. Full scale 
adjustment is then accomplished using a 5000 series trimmer. 
See Figures 10a and 10b. When negative input voltages are 
used, this 5000 trimmer will be tied to ground and pin 6 will 
be the input pin. 



This gain trim should be done with an input voltage of 9V, and 
the output frequency should be adjusted to exactly 45% of the 
clock frequency. Since the device settles into a divide-by-two 
mode for an input overrange condition, adjusting the gain with 
a 10V input is impractical; the output frequency would be exactly 
one-half the clock frequency if the gain were too high and would 
not change with adjustment until the exact proper scale factor 
was achieved. Hence, the gain adjustment should be done with 
a 9V input. 


The offset of the op amp may be trimmed to zero with the trim 
scheme shown in Figures 10a for the cerdip packaged device 



Figure 1 0a. Cerdip Gain and Offset Trim 
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350k Ji 



Figure 10b. PLCC Gain and Offset Trim 

and Figure 10b for the PLCC packaged device. One way of 
trimming the offset is by grounding pin 7 (8) of the cerdip 
(PLCC) packaged device and observing the waveform at pin 4. 

If the offset voltage of the op amp is positive, then the integrator 
will have saturated and the voltage will be at the positive rail. If 
the offset voltage is negative, then there will be a small effective 
input current that will cause the AD652 to oscillate and a sawtooth 
waveform will be observed at pin 4. The trimpot should be 
adjusted until the downward slope of this sawtooth becomes 
very slow, down to a frequency of 1Hz or less. In an analog-to-digit- 
al conversion application, an easier way to trim the offset is to 
apply a small input voltage, such as 0.01% of the full-scale 
voltage, and adjust the trimpot until the correct digital output is 
reached. 


GAIN PERFORMANCE 

The AD652 gain error is specified as the difference in slope 
between the actual and the ideal transfer function over the full-scale 
frequency range. Figure 1 1 shows a plot of the typical gain 
error changes vs. the clock input frequency, normalized to 
100kHz. If after using the AD652 with a full-scale clock frequency 
of 100kHz it is decided to reduce the necessary gating time by 
increasing the clock frequency, this plot shows the typical gain 
changes normalized to the original 100kHz gain. 



CLOCK FREQUENCY- kHz 

Figure 1 1. Gain vs. Clock Input 
REFERENCE NOISE 

The AD652 has on board a precision buffered 5V reference 
which is available to the user. Besides being used to offset the 
noninverting comparator input in the voltage-to-frequency mode, 
this reference can be used for other applications such as offsetting 
the input to handle bipolar signals and providing bridge excitation. 
It can source 10mA and sink lOOpA, and is short circuit protected. 
Heavy loading of the reference will not change the gain of the 
VFC, although it will affect the external reference voltage. For 
example, a 10mA load interacting with a 0.3H typical output 
impedance will change the reference voltage by 0.06%. 


DIGITAL INTERFACING CONSIDERATIONS 

The AD652 clock input is a high impedance input with a threshold 
voltage of two diode voltages with respect to Digital Ground at 
pin 12 (approximately 1.2 volts at room temp). When the clock 
input is low, 5-lQp.A flows out of this pin. When the clock 
input is high, no current flows. 

The frequency output is an open collector pull-down and is 
capable of sinking 10mA with a maximum voltage of 0.4 volts. 
This will drive 6 standard TTL inputs. The open collector pull 
up voltage can be as high as 36 volts above digital ground. 

COMPONENT SELECTION 

The AD652 integrating capacitor should be 0.02|xF. If a large 
amount of normal mode interference is expected (more than 0. 1 
volts) and the clock frequency is less than 500kHz, an integrating 
capacitor of O.IjjlF should be used. Mylar, polypropylene, or 
polystyrene capacitors should be used. 

The open collector pull-up resistor should be chosen to give 
adequately fast rise times. At low clock frequencies (100kHz) 
larger resistor values (several kO) and slower rise times may be 
tolerated. However, at higher clock frequencies (1MHz) a lower 
value resistor should be used. The loading of the logic input 
which is being driven must also be taken into consideration. For 
example, if 2 standard TTL loads are to be driven then a 3.2mA 
current must be sunk, leaving 6.8mA for the pull-up resistor if 
the maximum low level voltage is to be maintained at 0.4 volts. 

A 6800 resistor would thus be selected ((5-0.4)V/6.8mA) = 
6800. 

The one-shot capacitor controls the pulse width of the frequency 
output. The pulse is initiated by the rising edge of the clock 
signal. The delay time between the rising edge of the clock and 
the falling edge of the frequency output is typically 200ns. The 
width of the pulse is 5ns/pF and the minimum width is about 
200ns with pin 9 floating. If the one-shot period is accidentally 
chosen longer than the clock period, the width of the pulse will 
default to equal the clock period. The one-shot can be disabled 
by connecting pin 9 to + V s (Figure 12); the output pulse width 
will then be equal to the clock period. The one-shot is activated 
(Figure 13) by connecting a capacitor from pin 9 to +V S , -Vs, 
or Digital Ground( + Vs is preferred). 


+V S 



ANY AC GND 
l+V s , -Vs. OR DIG GND) 


Figure 12. One Shot Figure 13. One Shot 
Disabled Enabled 

DIGITAL GROUND 

Digital Ground can be at any potential between - V s and ( + Vs 
- 4 volts). This can be very useful in a system with derived 
grounds rather than stiff supplies. For example, in a small isolated 
power circuit, often only a single supply is generated and the 
“ground” is set by a divider tap. Such a ground cannot handle 
the large currents associated with digital signals. With the AD652 
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SVFC, it is possible to connect the DIG GND to — V s for a 
solid logic reference, as shown in Figure 14. 


+V S 



SINGLE SUPPLY OPERATION 

In addition to the Digital Ground being connected to - Vs, it is 
also possible to connect Analog Ground to - V s of the AD652. 
Hence, the device is truly operating from a single supply voltage 
that can range from + 12V to 4 - 36V. This is shown in 
Figure 15 for a positive voltage input and Figure 16 for a negative 
voltage input. 

In Figure 15, the comparator reference is used as a derived 
ground, and the input voltage is referred to this point as well as 
the op amp common mode (pin 6 is tied to pin 16). Since the 
input signal source must drive 0.5mA of full-scale signal current 
into pin 7, it must also draw the exact same current from the 
input reference potential. This current will thus be provided by 
the 5V reference. 



Figure 15. Single Supply Positive Voltage Input 

In the single supply operation mode, an external resistor, 
Rpullup’ is necessary between the power supply, + Vs, and the 
5V reference output. This resistor should be selected such that a 
current of approximately 500|xA flows during operation. For 
example, with a power supply voltage of + 15V, a 20kfl resistor 
would be selected ((15V - 5V)/500pA = 20kD). 

Figure 16 shows the negative voltage input configuration for use 
of the AD652 in the single supply mode. In this mode the signal 
source is driving the “ + ” input of the op amp which requires 
only 20nA (typical), rather than the 0.5mA required in the 


positive input voltage configuration. The voltage at pin 6 may 
go as low as 4 volts above ground (-Vs, pin 8). Since the input 
reference is 5.0 volts above ground, this leaves a IV window for 
the input signal. In order to drive the integrating capacitor with 
a 0.5mA full-scale current, it is necessary to provide an external 
2kD resistor. This results in a 2k ft resistor and a IV input 
range. The external 2kO resistor should be a low-TC metal-film 
type for lowest drift degradation. 



Figure 16. Single Supply Negative Voltage Input 

FREQUENCY-TO-VOLTAGE CONVERTER 

The AD652 SVFC also works as a frequency-to-voltage converter. 
Figure 17 shows the connection diagram for F/V conversion. In 
this case the “ - ” input of the comparator is fed the input 
pulses. Either comparator input may be used so that an input 
pulse of either polarity may be applied to the F/V. In Figure 17 
the “ + ” input is tied to a 1.2V reference and low level TTL 
pulses are used as the frequency input. The pulse must be low 
on the falling edge of the clock. On the subsequent rising edge 
the 1mA current source is switched to the integrator summing 
junction and ramps up the voltage at pin 4. Due to the action of 
the AND gate, the 1mA current is switched off after only one 
clock period. The average current delivered to the summing 
junction varies from 0 to 0.5mA; using the internal 20kfl resistor 
this results in a full-scale output voltage of 10V at pin 4. 

The frequency response of the circuit is determined by the 
capacitor; the - 3dB frequency is simply the RC time constant. 
A tradeoff exists between ripple and response. If low ripple is 
desired, a large value capacitor must be used (l|xF), if fast 
response is needed, a small capacitor is used (InF minimum). 

The op amp can drive a 5kO resistor load to 10V, using a 15V 
positive power supply. If a large load capacitance (0.01 |xF) must 
be driven, then it is necessary to isolate the load with a 50H 
resistor as shown. Since the 50fl resistor is 0.25% of the full 
scale, and the specified gain error with the 20kfi resistor is 
±0.5%, this extra resistor will only increase the total gain error 
to + 0.75% max. 

The circuit shown is unipolar and only a 0 to + 10V output is 
allowed. The integrator op amp is not a general purpose op 
amp, rather it has been optimized for simplicity and high speed. 
The most significant difference between this amplifier and a 
general purpose op amp is the lack of an integrator (or level 
shift) stage. Consequently, the voltage on the output (pin 4) 
must always be more positive than 1 volt below the inputs 
(pins 6 and 7). For example, in the F-to-V conversion mode, 
the noninverting input of the op amp (pin 6) is grounded which 
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FREQ 

+ V S IN +5V 



LOADS ON FALLING EDGE OFCK 
SHIFTS OUT ON RISING EDGE OF CK 
FREQUENCY TO VOLTS CONVERTER 


Figure 17. Frequency-to-Voltage Converter 

means that the output (pin 4) cannot go below - 1 volt. Normal 
operation of the circuit as shown will never call for a negative 
voltage at the output. 

A second difference between this op amp and a general purpose 
amplifier is that the output will only sink 1.5mA to the negative 
supply. The only pulldown other than the 1mA current used for 
voltage-to-frequency conversion is a 0.5mA source. The op amp 
will source a great deal of current from the positive supply, and 
it is internally protected by current limiting. The output of the 
op amp may be driven to within 4 volts of the positive supply 
when not sourcing external current. When sourcing 10mA, the 
output voltage may be driven to within 6 volts of the positive 
supply. 

DECOUPLING AND GROUNDING 

It is good engineering practice to use bypass capacitors on the 
supply- voltage pins and to insert small- valued resistors (10 to 
1000) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
0.1 pP to 1.0 |aF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD652. 

In addition, a larger board level decoupling capacitor of ljxF to 
IOjjlF should be located relatively close to the AD652 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
exploit the full linearity and dynamic range of the AD652. 

Separate digital and analog grounds are provided on the AD652. 
The emitter of the open collector frequency output transistor 
and the clock input threshold only are returned to the digital 
ground. Only the 5V reference is connected to analog ground. 
The purpose of the two separate grounds is to allow isolation 
between the high precision analog signals and the digital section 
of the circuitry. Much noise can be tolerated on the digital 
ground without affecting the accuracy of the VFC. Such ground 


noise is inevitable when switching the large currents associated 
with the frequency output signal. 

At high full-scale frequencies, it is necessary to use a pull-up 
resistor of about 50011 in order to get the rise time fast enough 
to provide well defined output pulses. This means that from a 5 
volt logic supply, for example, the open collector output will 
draw 10mA. This much current being switched will cause ringing 
on long ground runs due to the self inductance of the wires. For 
instance, #20 gauge wire has an inductance of about 20nH per 
inch; a current of 10mA being switched in 50ns at the end of 12 
inches of 20 gauge wire will produce a voltage spike of 50mV. 
The separate digital ground of the AD652 will easily handle 
these types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD652 package. A 
1 |aF to 10fiF tantalum capacitor should be connected direcdy to 
the supply side of the pull-up resistor and to the digital ground, 
pin 12. The pull-up resistor should be connected directly to the 
frequency output, pin 1 1 . The lead lengths on the bypass capacitor 
and the pull-up resistor should be as short as possible. The 
capacitor will supply (or absorb) the current transients, and 
large ac signals will flow in a physically small loop through the 
capacitor, pull-up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
first, there is less inductance if the wires are short, and second, 
the loop will not radiate RFI efficiently. 

The digital ground (pin 12) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current. There may be a dc 
ground drop due to the difference in currents returned on the 
analog and digital grounds. This will not cause a problem. These 
features greatly ease power distribution and ground management 
in large systems. Proper technique for grounding requires separate 
digital and analog ground returns to the power supply. Also, the 
signal ground must be referred directly to analog ground (pin 6) 
at the package. More information on proper grounding and 
reduction of interference can be found in reference 1. 

FREQUENCY OUTPUT MULTIPLIER 

The AD652 can serve as a frequency output multiplier when 
used in conjunction with a standard voltage-to-frequency con- 
verter. Figure 18 shows the low cost AD654 VFC being used as 
the clock input to the AD652. Also shown is a second AD652 in 
the F/V mode. The AD654 is set up to produce an output frequency 
of 0-500kHz for an input voltage (V0 range of 0-10V. The use 
of R4, Cl, and the XOR gate doubles this output frequency 
from 0-500kHz to 0-lMHz. 

This 1MHz full-scale frequency is then used as the clock input 
to the AD652 SVFC. Since the AD652 full-scale output frequency 
is one-half the clock frequency, the 1MHz FS clock frequency 
establishes a 500kHz maximum output frequency for the AD652 
when its input voltage (V 2 ) is + 10V. The user thus has an 
output frequency range from 0-500kHz which is proportional to 
the product of Vi and V 2 . 

‘“Noise Reduction Techniques in Electronic Systems”, by H.W. Ott, 

Qohn Wiley, 1976). 
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+ 5V 



This can be shown in equation form, where fc is the AD654 
output frequency and four is the AD652 output frequency: 


fc = 


1MHz 
V ‘ 10V 


Wr - V > ( Tov) 

- vv :M "". 


The scope photo in Figure 19 shows Vi and V 2 (top two traces) 
and the output of the F-V (bottom trace). 



Figure 19. Multiplier Waveforms 


SINGLE-LINE MULTIPLEXED DATA TRANSMISSION 

It is often necessary to measure several different signals and 
relay the information to some remote location using a minimum 
amount of cable. Multiple AD652 SVFC devices may be used 
with a multiphase clock to combine these measurements for 
serial transmission and demultiplexing. Figure 20 shows a block 
diagram of a single-line multiplexed data transmission system 
with high noise immunity. Figures 21, 22 and 23 show the 
SVFC multiplexer, a representative means of data transmission, 
and an SVFC demultiplexer respectively. 



DEMULTIPLEXER FREQUENCY TO 
VOLTAGE CONVERSION 
(SEE FIGURE 26) 

Figure 20. Single Line Multiplexed Data Transmission 
Block Diagram 
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Multiplexer 

Figure 21 shows the SVFC multiplexer. The clock inputs for 
the several SVFC channels are generated by a TIM9904A four 
phase clock driver, and the frequency outputs are combined by 
strapping all the frequency output pins together (a “wire or” 
connection). The one-shot in the AD652 sets the pulse width of 
the frequency output pulses to be slightly shorter than one 
quarter of the clock period. Synchronization is achieved by 
applying one of the four available phases to a fixed TTL one-shot 
(*121) and combining the output with an external transistor. 

The width of this sync pulse is shorter than the width of the 
frequency output pulses to facilitate decoding the signal. The 
RC lag network on the input of the one-shot provides a slight 
delay between the rising edge of the clock and the sync pulse in 
order to match the 150ns delay of the AD652 between the rising 
edge of the clock and the output pulse. 

Am26LS31 

QUAD HIGH SPEED DIFFERENTIAL LINE DRIVER 


Transmitter 

The multiplex signal can be transmitted in any manner suitable 
to the task at hand. A pulse transformer or an opto-isolator can 
provide galvanic isolation; extremely high voltage isolation or 
transmission through severe RF environments can be accomplished 
with a fiber-optic link; telemetry can be accomplished with a 
radio link. The circuit shown in Figure 22 uses an EIA RS-422 
standard for digital data transmission over a balanced line. 
Figure 24 shows the waveforms of the four clock phases and the 
multiplex output signal. Note that the sync pulse is present 
every clock cycle, but the data pulses are no more frequent than 
every other clock cycle since the maximum output frequency 
from the SVFC is half the clock frequency. The clock frequency 
used in this circuit is 819.2 kHz and will provide more than 
16 bits of resolution if 100 millisecond gate time is allowed for 
counting pulses of the decoded output frequencies. 



Figure 22. RS-422 Standard Data Transmission 
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Figure 23. S VFC Demultiplexers 


SVFC Demultiplexer 

The demultiplexer needed to separate the combined signals is 
shown m Figure 23. A phase locked loop drives another four 
phase clock chip to lock onto the reconstructed clock signal. 

The sync pulses are distinguished from the data pulses by their 
shorter duration. Each falling edge on the multiplex input signal 
triggers the one-shot, and at the end of this one-shot pulse the 
multiplex input signal is sampled by a D-type flip-flop. If the _ 
signal is high, then the pulse was short (a sync pulse) and the Q 
output of the D-flop goes low. The D-flop is cleared a short 
time (two gate delays) later, and the clock is reconstructed as a 



; ut 


4>1 <t>2 (t>3 4)4 

SYNC DATA 


MULTIPLEX 

OUTPUT 


stream of short, low-going pulses. If the Multiplex input is a 
data pulse, then when the D-flop samples at the end of the one- 
shot period, the signal will still be low and no pulse will appear 
at the reconstructed clock output. These waveforms are shown 
in Figure 25. 

If it is desired to recover the individual frequency signals, then 
the multiplex input is sampled with a D-flop at the appropriate 
time as determined by the rising edge of the various phases 
generated by the clock chip. These frequency signals can be 
counted as a ratio relative to the reconstructed clock, so it is not 
even necessary for the transmitter to be crystal controlled as 
shown here. 



- MULTIPLEX INPUT 

- ONE SHOT 


RECONSTRUCTED 

CLOCK 

4>1 

(PHASE LOCKED TO 

RECONSTRUCTED 

CLOCK) 


Figure 25. Demultiplexer Waveforms 


Figure 24. Multiplexer Waveforms 
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Figure 26. Demultiplexer Frequency-to- Voltage Conversion 


Analog Signal Reconstruction 

If it is desired to reconstruct the analog voltages from the multiplex 
signal, then three more AD652 SVFC devices are used as fre- 
auencv-to-vo!tage converters, as shown in Figure 26. The com- 
parator inputs of all the devices are strapped together, and the 
“ + ” inputs are held at a 1.2 volt TTL threshold, while the 
inputs are driven by the multiplex input. The three clock 
inputs are driven by the <J> outputs of the clock chip. Remember 
that data at the comparator input of the SVFC is loaded on the 
falling edge of the clock signal and shifted out on the next rising 
edge. Note that the frequency signals for each data channel are 
available at the frequency output pin of each FVC. 

ISOLATED FRONT END 

In some applications it may be necessary to have complete galvanic 
isolation between the analog signals being measured and the 
digital portions of the circuit. The circuit shown in Figure 27 
runs off a single 5 volt power supply and provides a self-contained, 


completely isolated analog measurement system. The power for 
the AD652 SVFC is provided by a chopper and a transformer, 
and is regulated to ± 15 volts. 

Both the chopper frequency and the AD652 clock frequency are 
125kHz, with the clock signal being relayed to the SVFC through 
the transformer. The frequency output signal is relayed through 
an opto-isolator and latched into a D-flop. The chopper frequency 
is generated from an AD654 VFC and is frequency divided by 
two to develop differential drive for the chopper transistors, and 
to ensure an accurate 50 percent duty cycle. The pull-up resistors 
on the D-flop outputs provide a well defined high level voltage 
to the choppers to equalize the drive in each direction. The 
10|xH inductor in the + 5V lead of the transformer primary is 
necessary to equalize any residual imbalance in the drive on 
each half-cycle and thus prevent saturation of the core. The 
capacitor across the primary resonates the system so that under 
light loading conditions on the secondary the wave shape will be 


CLOCK 

FREQUENCY 



Figure 27. Isolated Synchronous VFC 
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sinusoidal and the clock frequency will be relayed to the SVFC. 
To adjust the chopper frequency, disconnect any load on the 
secondary and tune the AD654 for a minimum in the supply 
current drawn from the 5 volt supply. 

A-TO-D CONVERSION 

In performing an A-to-D conversion, the output pulses of a 
VFC are counted for a fixed gate interval. To achieve maximum 
performance with the AD652, the fixed gate interval should be 
generated using a multiple of the SVFC clock input. Counting 
in this manner will eliminate any errors due to the clock (whether 
it be jitter, drift with time or temperature, etc.) since it is 
the ratio of the clock and output frequencies that is being 
measured. 

The resolution of the A-to-D conversion measurement is deter- 
mined by the clock frequency and the gate time. If, for instance, 
a resolution of 12 bits is desired and the clock frequency is 
1MHz (resulting in an AD652 FS frequency of 500kHz) the 
gate time will be: 

^FS Freq^- 1 ^1 Clock FreqV 1 / lMHzV 1 
“ ) ~ \2(4096)/ 

Where N is the 
total number of 
codes for a given 
resolution. 

Figure 28 shows the AD652 SVFC as an A-to-D converter in 
block diagram form. 


\ N ) \2 N 

8192 


lxlO 6 


sec = 8.192ms 



Figure 28. Block Diagram of SVFC A-to-D Con verter 

To provide the -*• 2N block a single chip counter such as the 
4020B can be used. The 4020B is a 14-stage binary ripple counter 
which has a clock and master reset for inputs, and buffered 
outputs from the first stage and the last eleven stages. The 
output of the first stage is fcLOCK ^ 2 1 = fcLOCK/2, while the 
output of the last stage is fcLOCK 2 14 = fcLocic/16384. Hence 
using this single chip counter as the -5- 2N block, 13-bit resolution 
can be achieved. Higher resolution can be achieved by cascading 
D-type flip-flops or another 4020B with the counter. 

Table I shows the relationship between clock frequency and 
gate time for various degrees of resolution. Note that if the 


Resolution 

N 

Clock 

Conversion 1 

or 

Gate Time 

Typ Lin 

Comments 

12 Bits 

4096 

81.92kHz 

100ms 

0.002% 

50, 60, 400Hz NMR 

12 Bits 

4096 

2MHz 

4.096ms 

0.01% 


12 Bits 

4096 

4MHz 

2.048ms 

0.02% j 


4 Digits 

10000 

200kHz 

100ms 

0.002% 1 

50, 60, 400Hz NMR 

14 Bits 

16384 

327.68kHz 

100ms 

0.002% 

50, 60, 400Hz NMR 

14 Bits 

16384 

1 ,966MHz 

16.66ms 

0.01% 

60Hz NMR 

14 Bits 

16384 

1.638MHz 

20ms 

0.01% 

50HzNMR 

4 1/2 Digits 

20000 

400kHz 

100ms 

0.002% 

50, 60, 400Hz NMR 

16 Bits 

65536 

655.36kHz 

200ms 

0.002% 

50,60,400HzNMR 

16 Bits 

65536 

4MHz 

32.77ms 

0.02% 



Table I. 


variables are chosen such that the gate times are multiples of 50, 
60 or 400Hz, normal-mode rejection (NMR) of those line fre- 
quencies will occur. 

DELTA MODULATOR 

The circuit of Figure 29 shows the AD652 configured as a delta 
modulator. A reference voltage is applied to the input of the 
integrator (pin 7), which sets the steady state output frequency 
at one-half of the AD652 full-scale frequency (1/4 of the clock 
frequency). As a 0 to 10V input signal is applied to the comparator 
(pin 15), the output of the integrator attempts to track this 
signal. For an input in an idling condition (dc) the output frequency 
will be one-half full scale. For positive going signals the output 
frequency will be between one-half full scale and full scale, and 
for negative going signals the output frequency will be between 
zero and one-half full scale. The output frequency will correspond 
to the slope of the comparator input signal. 



Figure 29. Delta Modulator 


Since the output frequency corresponds to the slope of the input 
signal, the delta modulator acts as a differentiator. A delta mod- 
ulator is thus a direct way of finding the derivative of a signal. 
This is useful in systems where, for example, a signal corresponding 
to velocity exists and it is desired to determine acceleration. 

Figure 30 is a scope photo showing a 20kHz, 0 to 10V sine 
wave used as the input to the comparator and its ramp-wise 
approximation at the integrator output. The clock frequency 
used as 2MHz and the integrating capacitor was 360pF. Figure 
31 shows the same input signal and its ramp- wise approximation, 
along with the output frequency corresponding to the derivative 
of the input signal. In this case the clock frequency was 
850kHz. 


■■■■E3 



Figure 30. Delta Modulator Input Signal and Ramp-Wise 
Approximation 
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Figure 31. Delta Modulator Input Signal, Ramp-Wise 
Approximation and Output Frequency 

The choice of an integrating capacitor is primarily dictated by 
the input signal bandwidth. Figure 32 shows this relationship. 
It should be noted that as the value of Qnt is lowered, the 
ramp size of the integrator approximation becomes larger. This 
can be compensated for by increasing the clock frequency. The 
effect of the clock frequency on the ramp size is demonstrated 
in Figures 30 and 31. 



INPUT SIGNAL BANDWIDTH - Hz 


BRIDGE TRANSDUCER INTERFACE 

The circuit of Figure 33 illustrates a simple interface between 
the AD652 and a bridge-type transducer. The AD652 is an ideal 
choice because its buffered 5 volt reference can be used as the 
bridge excitation thereby ratiometrically eliminating the gain 
drift related errors. This reference will provide a minimum of 
10mA of external current, which is adequate for bridge resistance 
of 6000 and above. If, for example, the bridge resistance is 
1200 or 3500, an external pull-up resistor (Rpu) is required 
and can be calculated using the formula: 


R pu (max) = 


+ v s -SV 


5V 

^•BRIDGE 


-10mA 


An instrumentation amplifier is used to condition the bridge 
signal before presenting it to the SVFC. The AD625, with its 
high CMRR, minimizes common-mode errors and also can be 
set to arbitrary gains between 1 and 10,000 via three resistors, 
simplifying the scaling for the AD652’s calibrated 10 volt input 
range. These resistors should be selected such that the following 
equation holds: 


10V = V BRIDG e 



where lOkfl < R F < 20kfl, and Vbridge is the maximum output 
voltage of the bridge. 

The bridge output may be unipolar, as is the case for most 
pressure transducers, or it may be bipolar as in some strain 
measurements. If the signal is unipolar, the reference input of 
the AD625 (pin 7) is simply grounded. If the bridge has a bipolar 
output, however, the AD652 reference can be tied to pin 7, 
thereby converting a ± 5 volt signal (after gain) into a 0 to +10 
volt input for the SVFC. 


Figure 32. Maximum Integrating Cap Value vs. Input Signal 
Bandwidth 



NOTES 

1. Rf SHOULD BE BETWEEN 
10k AND 20k. 

2. Rpu NEEDED IF R bridge 

60011. 

3. SI IN POSITION 1 FOR 
UNIPOLAR SIGNALS AND 
POSITION 2 FOR BIPOLAR 
SIGNALS. 


Figure 33. Bridge Transducer Interface 
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DEVICES 


Low Cost Monolithic 
Voltage-to- Frequency Converter 


AD654 


FEATURES 
Low Cost 

Single or Dual Supply, 5 to 36 Volts, ±5V to ± 18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Low Power: 2.0mA Quiescent Current 
Low Offset: ImV 


AD654 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD654 is a monolithic V/F converter consisting of an input 
amplifier, a precision oscillator system, and a high current output 
stage. A single RC network is all that is required to set up any 
full scale (F.S.) frequency up to 500kHz and any F.S. input 
voltage up to ± 30V. Linearity error is only 0.03% for a 250kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ± 50ppm/°C. The AD654 
operates from a single supply of 5 to 36V and consumes only 
2.0mA quiescent current. 

The low drift (4julV/°C typ) input amplifier allows operation 
directly from small signals such as thermocouples or strain 
gauges while offering a high (250M fl) input resistance. Unlike 
most V/F converters, the AD654 provides a square-wave output, 
and can drive up to 12 TTL loads, opto-couplers, long cables, 
or similar loads. 


PRODUCT HIGHLIGHTS 

1. Packaged in both an 8-pin mini-DIP and an 8-pin SOIC 
package, the AD654 is a complete V/F converter requiring 
only an RC timing network to set the desired full scale frequency 
and a selectable pull-up resistor for the open-collector output 
stage. Any full scale input voltage range from lOOmV to 10 
volts (or greater, depending on +V S ) can be accommodated 
by proper selection of the timing resistor. The full scale 
frequency is then set by the timing capacitor from the simple 
relationship, f = V/10RC. 

2. A minimum number of low cost external components are 
necessary. A single RC network is all that is required to set 
up any full scale frequency up to 500kHz and any full scale 
input voltage up to ± 30V. 

3. Plastic packaging allows low cost implementation of the 
standard VFC applications: A/D conversion, isolated signal 
transmission, F/V conversion, phase-locked loops, and tuning 
switched-capacitor filters. 

4. Power supply requirements are minimal; only 2.0mA of 
quiescent current is drawn from the single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to ( + Vs -4) volts. Negative inputs 
can easily be connected for below ground operation. 

5. The versatile open-collector output stage can sink more than 
10mA with a saturation voltage less than 0.4 volts. The Logic 
Common terminal can be connected to any level between 
ground (or -V s ) and 4 volts below +V S . This allows easy 
direct interface to any logic family with either positive or 
negative logic levels. 
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(tAMB= + 25°C and V s (total) = 5 to 16.5V, unless otherwise specified. All testing done @ V s = + 5V). 


Model 

Min 

AD654JN/JR 

Typ 

Max 

Units 

CURRENT-TO-FREQUENC Y CONVERTER 





Frequency Range 

0 


500 

kHz 

Nonlinearity 1 





f max = 250kHz 


0.06 

0.1 

% 

fmax = 500kHz 


0.20 

0.4 

% 

Full Scale Calibration Error 





C = 390pF,I IN = 1.000mA 

-10 


10 

% 

vs. Supply (f max < 250kHz) 





V s = + 4.75 to + 5.25V 


0.20 

0.40 

%/V 

V s = + 5.25 to + 16.5V 


0.05 

0.10 

%/v 

vs. Temp (0 to 70°C) 


50 


ppm/°C 

ANALOG INPUT AMPLIFIER 





(Voltage-to-Current Converter) 





Voltage Input Range 





Single Supply 

0 


( + V s -4) 

V 

Dual Supply 

-V s 


( + V s -4) 

V 

Input Bias Current 





(Either Input) 


30 

50 

nA 

Input Offset Current 


5 


nA 

Input Resistance (Non-Inverting) 


250 


MO 

Input Offset Voltage 


0.5 

1.0 

mV 

vs. Supply 





V s = + 4.75 to + 5.25V 


0.1 

0.25 

mV/V 

V s = + 5.25 to + 16.5V 


0.03 

0.1 

mV/V 

vs. Temp (0 to 70°C) 


4 


txV/°C 

OUTPUT INTERFACE (Open Collector Output) 





(Symmetrical Square Wave) 





Output Sink Current in Logic “0” 2 





Vout = 0.4V max, 25°C 

10 

20 


mA 

Vout = 0.4V max, 0 to 70°C 

5 

10 


mA 

Output Leakage Current in Logic “1 ” 


10 

100 

nA 

0 to 70°C 


50 

500 

nA 

Logic Common Level Range 

-V s 


( + V s -4) 

V 

Rise/Fall Times (C T = 0.01|jlF) 





Ijn = 1mA 


0.2 


|XS 

Ln = 


1 


fXS 

POWER SUPPLY 





Voltage, Rated Performance 

4.5 


16.5 

V 

Voltage, Operating Range 





Single Supply 

4.5 


36 

V 

Dual Supply 

±5 


±18 

V 

Quiescent Current 





V s (Total) = 5V 


1.5 

2.5 

mA 

V s (Total) = 30V 


2.0 

3.0 

mA 

TEMPERATURE RANGE 





Operating Range 

-40 


85 

°C 

PACKAGE OPTIONS 3 





SOIC (R-8) 


AD654JR 



Plastic DIP (N-8) 


AD654JN 




NOTES 

>Atf max = 250kHz; R, = lkn,C T = 390pF,I IN = O-lmA. 
f max = 500kHz; R r = lka s C T = 200pF,I IN = O-lmA. 

2 The sink current is the amount of current that can flow into Pin 1 of the AD654 while maintaining a maximum voltage of 0.4V between Pin 1 and Logic Common. 
3 See Section 14 for package outline information. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage 4- V s to - V s 36V 

Maximum Input Voltage 

(Pins 3, 4) to -V s -300mV to + V S 


Maximum Output Current 

Instantaneous 50mA 

Sustained 25mA 

Logic Common to - V s - 500mV to ( + Vs - 4) 

Storage Temperature Range -65°C to + 150°C 


CIRCUIT OPERATION 

The AD654’s block diagram appears in Figure 1 . A versatile 
operational amplifier serves as the input stage; its purpose is to 
convert and scale the input voltage signal to a drive current in 
the NPN follower. Optimum performance is achieved when, at 
the full scale input voltage, a 1mA drive current is delivered to 
the current-to-frequency converter (an astable multivibrator). 
The drive current provides both the bias levels and the charging 
current to the externally connected timing capacitor. This “adap- 
tive” bias scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of lOOnA to 2mA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be referenced to a level other 
than - Vs- 


+ V S 

( + 5V TO - Vs + 30) + Vlogic 



Figure 1. Standard V-F Connection for Positive Input 
Voltages 

V/F CONNECTION FOR POSITIVE INPUT VOLTAGES 

In the connection scheme of Figure 1 , the input amplifier presents 
a very high (250Mf l) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors R1 and R2 are selected to provide a 1mA full 
scale current with enough trim range to accommodate the AD654’s 
10% FS error and the components’ tolerances. Full scale currents 
other than 1mA can be chosen, but linearity will be reduced; 
2mA is the maximum allowable drive. The AD654’s positive 
input voltage range spans from - V s (ground in single supply 
operation) to four volts below the positive supply. Power supply 

*Teflon is a trademark of E. I. Du Pont de Nemours & Co. 


rejection degrades as the input exceeds ( + V S - 3.75V) and at 
( + V s - 3.5V) the output frequency goes to zero. 

As indicated by the scaling relationship in Figure 1, a 0.01 (xF 
timing capacitor will give a 10kHz full scale frequency, and 
0.001 |xF will give 100kHz with a 1mA drive current. Good V/F 
linearity requires the use of a capacitor with low dielectric ab- 
sorption (DA), while the most stable operation over temperature 
calls for a component having a small tempco. Polystyrene, poly- 
propylene, or Teflon* capacitors are preferred for tempco and 
dielectric absorption; other types will degrade linearity. The 
capacitor should be wired very close to the AD654. In Figure 1, 
Schottky diode CR1 (MBD101) prevents logic common from 
dropping more than 500mV below - Vs- This diode is not 
required if - V s is equal to logic common. 

V/F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 

The AD654 can accommodate a wide range of negative input 
voltages with proper selection of the scaling resistor, as indicated 
in Figure 2. This connection, unlike the buffered positive con- 
nection, is not high impedance because the signal source must 
supply the 1mA F.S. drive current. However, large negative 
voltages beyond the supply can be handled easily by modifying 
the scaling resistors appropriately. If the input is a true current 
source, R1 and R2 are not used. Again, diode CR1 prevents 
latch-up by insuring Logic Common does not drop more than 
500mV below -Vs. The clamp diode (MBD101) protects the 
AD654 input from “below - Vs” inputs. 



(OVTO -15V) 

Figure 2. V-F Connections for Negative Input Voltages or 
Current 
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OFFSET CALIBRATION 

In theory, two adjustments calibrate a V/F: scale and offset. In 
practice, most applications find the AD654’s ImV max voltage 
offset sufficiently low to forgo offset calibration. However, the 
input amplifier’s 30nA (typ) bias currents will generate an offset 
due to the difference in DC source resistance between the input 
terminals. This offset can be substantial for large values of 
Rt = Ri + R 2 and will vary as the bias currents drift over 
temperature. Therefore, to maintain the AD654’s low offset, the 
application may require balancing the DC source resistances at 
the inputs (pins 3 and 4). 

For positive inputs, this is accomplished by adding a compensation 
resistor nominally equal to Rt in series with the input as shown 
in Figure 3a. This limits the offset to the product of the 30nA 
bias current and the mismatch between the source resistance R T 
and Rcomp- A second, smaller offset arises from the inputs’ 5nA 
offset current flowing through the source resistance R T or Rcomp- 
For negative input voltage and current connections, the com- 
pensation resistor is added at pin 4 as shown in Figure 3b in 
lieu of grounding the pin directly. For both positive and negative 
inputs, the use of Rcomp may lead to noise coupling at pin 4 
and should therefore be bypassed for lowest noise operation. 



Figure 3a. Bias Current Compensation - Positive Inputs 


C (OPTIONAL) 



m O W r 


Figure 3b. Bias Current Compensation - Negative Inputs 

If the AD654’s ImV offset voltage must be trimmed, the trim 
must be performed external to the device. Figure 3c shows an 
optional connection for positive inputs in which Roffi and 
Roff2 add a variable resistance in series with R T . A variable 
source of ±0.6V applied to Roffi then adjusts the offset ± ImV. 
Similarly, a ± 0.6V variable source is applied to Roff m 
Figure 3d to trim offset for negative inputs. The ±0.6V bipolar 
source could simply be an AD589 reference connected as shown 
in Figure 3e. 



Figure 3c. Offset Trim Positive Input (10V FS) 


±0.6V 



Figure 3d. Offset Trim Negative Input ( - 10V FS) 


R1 

10k 



Figure 3e. Offset Trim Bias Network 


FULL SCALE CALIBRATION 

Full scale trim is the calibration of the circuit to produce the 
desired output frequency with a full scale input applied. In 
most cases this is accomplished by adjusting the scaling resistor 
R t . Precise calibration of the AD654 requires the use of an 
accurate voltage standard set to the desired FS value and an 
accurate frequency meter. A scope is handy for monitoring 
output waveshape. Verification of converter linearity requires 
the use of a switchable voltage source or DAC having a linearity 
error below ±0.005%, and the use of long measurement intervals 
to minimize count uncertainties. Since each AD654 is factory 
tested for linearity, it is unnecessary for the end-user to perform 
this tedious and time consuming test on a routine basis. 

Sufficient FS calibration trim range must be provided to accom- 
modate the worst-case sum of all major scaling errors. This 
includes the AD654’s 10% full scale error, the tolerance of the 
fixed scaling resistor, and the tolerance of the timing capacitor. 
Therefore, with a resistor tolerance of 1% and a capacitor tolerance 
of 5%, the fixed part of the scaling resistor should be a maximum 
of 84% of nominal, with the variable portion selected to allow 
116% of the nominal. 

If the input is in the form of a negative current source, the 
scaling resistor is no longer required, eliminating the capability 
of trimming FS frequency in this fashion. Since it is usually not 
practical to smoothly vary the capacitance for trimming purposes, 
an alternative scheme such as the one shown in Figure 4 is 
needed. Designed for a FS of 1mA, this circuit divides the 
input into two current paths. One path is through the 10011 

R2 

loon 



Figure 4. Current Source FS Trim 
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resistor Rl, and flowing into pin 3; it constitutes the signal 
current It to be converted. The second path, through another 
1000 resistor R2, carries the same nominal current. Two equal 
valued resistors offer the best overall stability, and should be 
either 1% discrete film units, or a pair from a common array. 

Since the 1mA FS input current is divided into two 500 (jlA legs 
(one to ground and one to pin 3), the total input signal current 
(Is) is divided by a factor of two in this network. To achieve the 
same conversion scale factor, Ct must be reduced by a factor of 
two. This results in a transfer unique to this hookup: 



(20V) C T 

For calibration purposes, resistors R3 and R4 are added to the 
network, allowing a ± 15% trim of scale factor with the values 
shown. By varying R4’s value the trim range can be modified to 
accommodate wider tolerance components or perhaps the cali- 
bration tolerance on a current output transducer such as the 
AD592 temperature sensor. Although the values of Rl - R4 
shown are valid for 1mA FS signals only, they can be scaled 
upward proportionately for lower FS currents. For instance, 
they should be increased by a factor of ten for a FS current of 
IOOjjlA. 

In addition to the offsets generated by the input amplifier’s bias 
and offset currents, an offset voltage induced parasitic current 
arises from the current fork input network. These effects are 
minimized by using the bias current compensation resistor Roff 
and offset trim scheme shown in Figure 3e. 

Although device warmup drifts are small, it is good practice to 
allow the devices operating environment to stabilize before trim, 
and insure the supply, source and load are appropriate. If provision 
is made to trim offset, begin by setting the input to 1/10,000 of 
full scale. Adjust the offset pot until the output is 1/10,000 of 
full scale (for example, 25Hz for a FS of 250kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. The FS input should then be applied and the gain pot 
should be adjusted until the desired FS frequency is indicated. 

INPUT PROTECTION 

The AD654 was designed to be used with a minimum of additional 
hardware. However, the successful application of a precision IC 
involves a good understanding of possible pitfalls and the use of 
suitable precautions. Thus +Vin and R T pins should not be 
driven more than 300m V below - Vs- Likewise, Logic Common 
should not drop more than 500m V below - Vs- This would 
cause internal junctions to conduct, possibly damaging the IC. 

In addition to the diode shown in Figures 1 and 2 protecting 
Logic Common, a second Schottky diode (MBD101) can protect 
the AD654’s inputs from “below - Vs” inputs as shown in 
Figure 5. It is also desirable not to drive + Vi N and Rt above 
+ V s . In operation, the converter will exhibit a zero output for 
inputs above ( + V S - 3.5V). Also, control currents above 2mA 
will increase nonlinearity. 

The AD654’s 80dB dynamic range guarantees operation from a 
control current of 1mA (nominal FS) down to lOOnA (equivalent 
to lmV to 10V FS). Below lOOnA improper operation of the 
oscillator may result, causing a false indication of input amplitude. 
In many cases this might be due to short-lived noise spikes 
which become added to input. For example, when scaled to 
accept an FS input of IV, the -80dB level is only 100fxV, so 
when the mean input is only 60dB below FS (lmV), noise spikes 



Figure 5. Input Protection 
of 0.9mV are sufficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass filter 
ahead of the converter or a guard ring around the R T pin. The 
filter can be assembled using the bias current compensation 
resistor discussed in the previous section. For an FS of 10kHz, 
a single-pole filter with a time constant of 100ms will be suitable, 
but the optimum configuration will depend on the application 
and the type of signal processing. Noise spikes are only likely to 
be a cause of error when the input current remains near its 
minimum value for long periods of time; above lOOnA full 
integration of additive input noise occurs. Like the inputs, the 
capacitor terminals are sensitive to interference from other signals. 
The timing capacitor should be located as close as possible to 
the AD654 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. 

DECOUPLING 

It is good engineering practice to use bypass capacitors on the 
supply- voltage pins and to insert small- valued resistors (10 to 
1000) in the supply lines to provide a measure of decoupling 
between the various circuits in the system. Ceramic capacitors 
of 0.1 |xF to l.OjxF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the AD654. 
A proper ground scheme appears in Figure 6. 


1011 



OUTPUT INTERFACING CONSIDERATIONS 

The output stage’s design allows easy interfacing to all digital 
logic families. The output NPN transistor’s emitter and collector 
are both uncommitted. The emitter can be tied to any voltage 
between - Vs and 4 volts below + Vs, and the open collector 
can be pulled up to a voltage 36 volts above the emitter regardless 
of +Vs. The high power output stage can sink over 10mA at a 
maximum saturation voltage of 0.4V. The stage limits the output 
current at 25mA and can handle this limit indefinitely without 
damaging the device. 
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NONLINEARITY SPECIFICATION 

The preferred method of specifying nonlinearity error is in 
terms of maximum deviation from the ideal relationship after 
calibrating the converter at full scale. This error will vary with 
the full scale frequency and the mode of operation. The AD654 
operates best at a 1 50kHz full scale frequency with a negative 
voltage input; the linearity is typically within 0.05%. Operating 
at higher frequencies or with positive inputs will degrade the 
linearity as indicated in the Specifications Table. Typical linearity 
at various temperatures is shown in Figure 7. 



10 150 250 350 500 

FULL SCALE FREQUENCY - kHz 

Figure 7. Typical Nonlinearities at Different Full-Scale 
Frequencies 

TWO- WIRE TEMPERATURE-TO-FREQUENCY 
CONVERSION 

Figure 8 shows the AD654 in a two-wire temperature-to-frequency 
conversion scheme. The twisted pair transmission line serves the 
dual purpose of supplying power to the device and also carrying 
frequency data in the form of current modulation. 



+V S 


Rs 


Rl 

10V 


270H 


1.8k 

15V 


6800 


2.7k 



Tablet. 



(+V S ) 

Rl 

R2 R3 R4 

R5 


10V 

- 

100k 

127k 

F = lOHz/K 

15V 

- 

100k 

127k 

10V 

6.49k 

4.02k lk 95.3k 

22.6k 

F = 10Hz/°C 

15V 

12.7k 

4.02k lk 78.7k 

36.5k 

10V 

6.49k 

4.42k lk 154k 

22.6k 

F = 5.55Hz/°F 

15V 

12.7k 

4.42k lk 105k 

36.5k 



Table II. 




At the V/F end, the AD592C temperature transducer is interfaced 
with the AD654 in such a manner that the AD654 output frequency 
is proportional to temperature. The output frequency can be 
scaled and offset from K to °C or °F using the resistor values 
shown in Table II. Since temperature is the parameter of interest, 
an NPO ceramic capacitor is used as the timing capacitor for 
low V/F TC. 

When scaling per K, resistors R1 - R3 and the AD589 voltage 
reference are not used. The AD592 produces a l|xA/K current 
output which drives pin 3 of the AD654. With the timing capacitor 
of 0.01 fxF this produces an output frequency scaled to lOHz/K. 
When scaling per °C and °F, the AD589 and resistors R1 - R3 
offset the drive current at pin 3 by 273.2|iA for scaling per °C 
and 255.42(jlA for scaling per °F. This will result in frequencies 
scaled at 10Hz/°C and 5.55Hz/°F, respectively. 

OPTOISOLATOR COUPLING 

A popular method of isolated signal coupling is via optoelectronic 
isolators, or optocouplers. In this type of device, the signal is 
coupled from an input LED to an output photo-transistor, with 
light as the connecting medium. This technique allows DC to 
be transmitted, is extremely useful in overcoming ground loop 
problems between equipment, and is applicable over a wide 
range of speeds and power. 

Figure 9 shows a general purpose isolated V/F circuit using a 
low cost 4N37 optoisolator. A 4- 5V power supply is assumed 
for both the isolated ( + 5V isolated) and local ( + 5V local) supplies. 
The input LED of the isolator is driven from the collector output 
of the AD654, with a 9mA current level established by R1 for 
high speed, as well as for a 100% current transfer ratio. 


Figure 8. Two-Wire Temperature-to-Frequency Converter 

The positive supply line is fed to the remote V/F through a 
140H resistor. This resistor is selected such that the quiescent 
current of the AD654 will cause less than one V B h to be dropped. 
As the V/F oscillates, additional switched current is drawn 
through R l when pin 1 goes low. The peak level of this additional 
current causes Q1 to saturate, and thus regenerates the AD654’s 
output square wave at the collector. The supply voltage to the 
AD654 then consists of a DC level, less the resistive line drop, 
plus a one Vre p-p square wave at the output frequency of 
the AD654. This ripple is reduced by the diode/capacitor 
combination. 

To set up the receiver circuit for a given voltage, the Rs and R l 
resistances are selected as shown in Table I. CMOS logic stages 
can be driven directly from the collector of Ql, and a single 
TTL load can be driven from the junction of Rs and R6. 



Figure 9. Optoisolator Interface 
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At the receiver side, the output transistor is operated in the 
photo- transistor mode; that is with the base lead (pin 6) open. 
This allows the highest possible output current. For reasonable 
speed in this mode, it is imperative that the load impedance be 
as low as possible. This is provided by the single transistor stage 
current-to-voltage converter, which has a dynamic load impedance 
of less than 10 ohms and interfaces with TTL at the output. 

USING A STAND-ALONE FREQUENCY COUNTER/LED 
DISPLAY DRIVER FOR VOLTMETER APPLICATIONS 

Figure 10 shows the AD654 used with a stand-alone frequency 
counter/LED display driver. With C T = lOOOpF and R T = 
lkfl the AD654 produces an FS frequency of 100kHz when V IN 
= + IV. This signal is fed into the ICM7226A, a universal 
counter system that drives common anode LED’s. With the 
FUNCTION pin tied to D1 through a lOkfl resistor the ICM7226A 
counts the frequency of the signal at A IN . This count period is 
selected by the user and can be 10ms, 100ms, Is, or 10 seconds, 
as shown on pin 21. The longer the period selected, the more 
resolution the count will have. The ICM7226A then displays the 
frequency on the LED’s, driving them directly as shown. Re- 
freshing of the LED’s is handled automatically by the ICM7226. 
The entire circuit operates on a single + 5V supply and gives a 
meter with 3, 4, or 5 digit resolution. 



Figure 10. AD654 With Stand-Alone Frequency Counter/LED 
Display Driver 

Longer count periods not only result in the count having more 
resolution, they also serve as an integration of noisy analog 
signals. For example, a normal-mode 60Hz sine wave riding on 
the input of the AD654 will result in the output frequency 
increasing on the positive half of the sine wave and decreasing 
on the negative half of the sine wave. This effect is cancelled by 
selecting a count period equal to an integral number of noise 
signal periods. A 100ms count period is effective because it not 
only has an integral number of 60Hz cycles (6), it also has an 


integral number of 50Hz cycles (5). This is also true of the 1 
second and 10 second count period. 

AD654-BASED ANALOG-TO-DIGITAL CONVERSION 
USING A SINGLE CHIP MICROCOMPUTER 

The AD654 can serve as an analog-to-digital converter when 
used with a single component microcomputer that has an interval 
timer/event counter such as the 8048. Figure 1 1 shows the AD654, 
with a full scale input voltage of + IV and a full scale output 
frequency of 100kHz, connected to the timer/counter input pin 
T1 of the 8048. Such a system can also operate on a single + 5V 
supply. 

The 8748 counter is negative edge triggered; after the STRT 
CNT instruction is executed subsequent high to low transitions 
on T1 increment the counter. The maximum rate at which the 
counter may be incremented is once per three instruction cycles; 
using a 6MHz crystal, this corresponds to once every 7.5jxs, or 
a maximum frequency of 133kHz. Because the counter overflows 
every 256 counts (8 bits), the timer interrupt is enabled. Each 
overflow then causes a jump to a subroutine where a register is 
incremented. After the STOP TCNT instruction is executed, 
the number of overflows that have occurred will be the number 
in this register. The number in this register multiplied by 256 
plus the number in the counter will be the total number of 
negative edges counted during the count period. The count 
period is handled simply by decrementing a register the number 
of times necessary to correspond to the desired count time. 

After the register has been decremented the required number of 
times, the STOP TCNT instruction is executed. 



Figure 1 1. AD654 VFC as an ADC 
The total number of negative edges counted during the count 
period is proportional to the input voltage. For example, if a IV 
full-scale input voltage produces a 100kHz signal and the count 
period is 100ms, then the total count will be 10,000. Scaling 
from this maximum is then used to determine the input voltage, 
i.e., a count of 5000 corresponds to an input voltage of 0.5V. 

As with the ICM7226, longer count times result in counts having 
more resolution; and they result in the integration of noisy 
analog signals. 
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FREQUENCY DOUBLING 

Since the AD654’s output is a square-wave rather than a pulse 
train, information about the input signal is carried on both 
halves of the output waveform. The circuit in Figure 12 converts 
the output into a pulse train, effectively doubling the output 
frequency, while preserving the better low frequency linearity of 
the AD654. This circuit also accommodates an input voltage 
that is greater than the AD654 supply voltage. 



WAVEFORM OIAGRAM 


Figure 12. Frequency Doubler 

Resistors R1 - R3 are used to scale the 0 to + 10V input voltage 
down to 0 to + IV as seen at pin 4 of the AD654. Recall that 
Vin must be less than Vsupply -4V, or in this case less than 
IV. The timing resistor and capacitor are selected such that this 
O.to + IV signal seen at pin 4 results in a 0 to 200kHz output 
frequency. 

The use of R4, Cl and the XOR gate doubles this 200kHz 
output frequency to 400kHz. The AD654 output transistor is 
basically used as a switch, switching capacitor Cl between a 
charging mode and a discharging mode of operation. The voltages 
seen at the input of the 74LS86 are shown in the waveform 
diagram. Due to the difference in the charge and discharge time 
constants, the output pulse widths of the 74LS86 are not equal. 
The output pulse is wider when the capacitor is charging due to 
its longer rise time than fall time. The pulses should therefore 
be counted on their rising, rather than falling, edges. 

OPERATION AT HIGHER OUTPUT FREQUENCIES 

Operation of the AD654 via the conventional output (pins 1 
and 2) is speed limited to approximately 500kHz for reasons of 


TTL logic compatibility. Although the output stage may become 
speed limited, the multivibrator core itself is able to oscillate to 
1MHz or more. The designer may take advantage of this feature 
in order to operate the device at frequencies in excess of 
500kHz. 

Figure 13 illustrates this with a circuit offering 2MHz full scale. 
In this circuit the AD654 is operated at a full scale (FS) of 
1mA, with a C T of lOOpF. This achieves a basic device FS 
frequency of 1MHz across Ct. The P channel JFETs, Q1 and 
Q2, buffer the differential timing capacitor waveforms to a low 
impedance level where the push-pull signal is then AC coupled 
to the high speed comparator A2. Hysteresis is used, via R7, for 
non-ambiguous switching and to eliminate the oscillations which 
would otherwise occur at low frequencies. 

The net result of this is a very high-speed circuit which does 
not compromise the AD654 dynamic range. This is a result of 
the FET buffers typically having only a few pA of bias current. 
The high end dynamic range is limited, however, by parasitic 
package and layout capacitances in shunt with Ct? as well as 
those from each node to AC ground. Minimizing the lead length 
between A2-6/A2-7 and Q1/Q2 in PC layout will help. A ground 
plane will also help stability. Figure 14 shows the waveforms VI 
- V4 found at the respective points shown in Figure 13. 



Figure 14. Waveforms of 2M Hz Frequency Doubler 

The output of the comparator is a complementary square wave 
at 1MHz FS. Unlike pulse train output V/F converters, each 
half-cycle of the AD654 output conveys information about the 
input. Thus it is possible to count edges, rather than full cycles 
of the output, and double the effective output frequency. The 
XOR gate following A2 acts as an edge detector producing a 
short pulse for each input state transition. This effectively doubles 
the V/F FS frequency to 2MHz. The final result is a IV full 
scale input V/F with a 2MHz full-scale output capability; typical 
nonlinearity is 0.5%. 


+ 5V 
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ANALOG 

DEVICES 


Voltage-to-Frequency and 
Frequency-to-Voltage Converter 


ADVFC32 


FEATURES 
High Linearity 

±0.01% max at 10kHz FS 
±0.05% max at 100kHz FS 
±0.2% max at 500kHz FS 
Output TTL/CMOS Compatible 
V/F or FA/ Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Reliable Monolithic Construction 


PRODUCT DESCRIPTION 

The industry standard ADVFC32 is a low cost monolithic voltage- 
to-frequency (V/F) converter or frequency-to-voltage (F/V) 
converter with good linearity (0.01% max error at 10kHz) and 
operating frequency up to 0.5MHz. In the V/F configuration, 
positive or negative input voltages or currents can be converted 
to a proportional frequency using only a few external components. 
For F/V conversion, the same components are used with a simple 
biasing network to accommodate a wide range of input logic 
levels. 

TTL or CMOS compatibility is achieved in the V/F operating 
mode using an open collector frequency output. The pullup 
resistor can be connected to voltages up to 30 volts, or to + 15V 
or + 5V for conventional CMOS or TTL logic levels. This 
resistor should be chosen to limit current through the open 
collector output to 8mA. A larger resistance can be used if 
driving a high impedance load. 

Input offset drift is only 3ppm of full scale per °C, and 
full scale calibration drift is held to a maximum of 100ppm/°C 
(ADVFC32BH) due to a low T.C. zener diode. 

The ADVFC32 is available in commercial, industrial, and extended 
temperature grades. The commercial grade is packaged in a 14- 
pin plastic DIP while the two wider temperature range parts are 
packaged in hermetically sealed TO- 100 cans. 


ORDERING GUIDE 


Part 

Number 


Gain Tempco 
ppm/°C 


Temp Range 

°C Package 


ADVFC32KN 

ADVFC32BH 

ADVFC32SH 


± 75 typ 

± 100 max 
± 150 max 


0 to + 70 

-25 to +85 
-55 to +125 


14-Pin 
Plastic DIP 
TO-100 
TO-100 


ADVFC32 PIN CONFIGURATION 
“N” PACKAGE 



“H” PACKAGE - TO-100 



TOP VIEW 

PRODUCT HIGHLIGHTS 

1. The ADVFC32 uses a charge balancing circuit technique (see 
Functional Block Diagram) which is well suited to high 
accuracy voltage-to-frequency conversion. The full-scale 
operating frequency is determined by only one precision 
resistor and capacitor. The tolerance of other support compo- 
nents (including the integration capacitor) is not critical. 
Inexpensive ± 20% resistors and capacitors can be used without 
affecting linearity or temperature drift. 

2. The ADVFC32 is easily configured to satisfy a wide range of 
system requirements. Input voltage scaling is set by selecting 
the input resistor which sets the input current to 0.25mA at 
the maximum input voltage. 

3. The same components used for V/F conversion can also be 
used for F/V conversion by adding a simple logic biasing 
network and reconfiguring the ADVFC32. 

4. The ADVFC32 is intended as a pin-for-pin replacement for 
VFC32 devices from other manufacturers. 


V/F & F/V CONVERTERS 4-49 





(typical @ +25°C with V s = ±15 V unless otherwise noted) 


Model 

ADVFC32K 

Min Typ Max 

ADVFC32B 

Min Typ Max 

ADVFC32S 

Min Typ Max 

Units 

DYNAMIC PERFORMANCE 

Full Scale Frequency Range 

0 500 

0 500 

0 500 

kHz 

Nonlinearity 1 
fmax - 10kHz 

-0.01 ±0.01 

-0.01 +0.01 

-0.01 +0.01 

% 

fmax = 100kHz 

-0.05 +0.05 

-0.05 +0.05 

-0.05 +0.05 

% 

fmax = 0.5MHz 

-0.20 ±0.05 +0.20 

-0.20 ±0.05 +0.20 

-0.20 ±0.05 +0.20 

% 

Full Scale Calibration Error 
(Adjustable to Zero) 

±5 

±5 

±5 

% 

vs. Supply 

(Full Scale Frequency = 100kHz) 

-0.015 +0.015 

-0.015 +0.015 

-0.015 +0.015 

%ofFSR/% 

vs. Temperature 
(Full Scale Frequency = 10kHz) 

±75 

-100 +100 

+ 150 +150 

ppm/°C 

DYNAMIC RESPONSE 

Maximum Settling Time for Full Scale 
Step Input 

1 Pulse of New Frequency Plus lps 

1 Pulse of New Frequency Plus lps 

1 Pulse of New Frequency Plus 1 ps 


Overload Recovery Time 

1 Pulse of New Frequency Plus 1 ps 

1 Pulse of New Frequency Plus lps 

1 Pulse of New Frequency Plus lps 


ANALOG INPUT AMPLIFIER 
(V/F Conversion) 

Current Input Range 

0 +0.25 

0 +0.25 

0 +0.25 

mA 

Voltage Input Range 

0 -10, 

0 -10, 

0 -10, 

V 2 


0.25 

0.25 

0.25 

mA 

Differential Impedance 

x R in 3 

300kft||10pF 2Mft||10pF 

x R in 3 

300kft||10pF 2Mft||10pF 

x Ri N 3 

300kft||10pF 2Mft||10pF 


Common-Mode Impedance 

300Mft||3pF 750Mft||3pF 

300Mft||3pF 750Mft||10pF 

300Mft||3pF 750Mft||10pF 


Input Bias Current 

Noninverting Input 

40 250 

40 250 

40 250 

nA 

Inverting Input 

- 100 ±8 +100 

-100 ±8 +100 

- 100 ±8 +100 

nA 

Input Offset Voltage 
(Trimmable to Zero) 2,3 

4 

4 

4 

mV 

vs. Temperature (T m j„ to T max ) 

30 

30 

30 

pV/°C 

Safe Input Voltage 

±V S 

±V S 

±V S 


COMPARATOR (F/V Conversion) 

Logic “0” Level 

-V s -0.6 

-V s -0.6 

-V s -0.6 

V 

Logic “1” Level 

+ 1 +V S 

+ 1 +V S 

+ 1 +V S 

V 

Pulse Width Range 4 

0.1 0.15/f max 

0.1 0.15/f max 

0.1 0.15/f max 

M’S 

Input Impedance 

50kft||10pF 250kH 

50kft||10pF 250kft 

50kft||10pF 250kft 


OPEN COLLECTOR OUTPUT 
(V/F Conversion) 

Output Voltage in Logic “0” 

Isink = 8mA 

0.4 

0.4 

0.4 

V 

Output Leakage Current in Logic “1” 

1 

1 

1 

M’A 

Voltage Range 

0 +30 

0 +30 

0 +30 

V 

Fall Times (Load = 500pF and 

Isink = 5mA) 

400 

400 

400 

ns 

AMPLIFIER OUTPUT (F/V Conversion) 
Voltage Range (0mA=eI o ^7mA) 

0 +10 

0 +10 

0 +10 

V 

Source Current (0^ V 0 , s7V) 

10 

10 

10 

mA 

Capacitive Load (Without Oscillation) 

100 

100 

100 

pF 

Closed Loop Output Impedance 

1 

1 

1 

ft 

POWER SUPPLY 

Rated Voltage 

±15 

±15 

±15 

V 

Voltage Range 

±9 ±18 

±9 ±18 

±9 ±18 

V 

Quiescent Current 

6 8 

6 8 

6 8 

mA 

TEMPERATURE RANGE 

Specified Range 

0 +70 

-25 +85 

-55 +125 

°C 

Operating Range 

-25 +85 

-55 +125 

-55 +125 

°C 

Storage 

-25 +85 

-65 +150 

-65 +150 

°C 

PACKAGE OPTIONS 5 

Plastic DIP(N-14) 

TO-IOO(H-IOA) 

ADVFC32KN 

ADVFC32BH 

ADVFC32SH 



NOTES 

'Nonlinearity is defined as deviation from a straight line from zero to full scale, expressed as a percentage of full scale. 
2 See Figure 3. 

3 See Figure 1. 

4 f m «x expressed in units of MHz. 

5 See Section 14 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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UNIPOLAR V/F, POSITIVE INPUT VOLTAGE 

When operated as a V/F converter, the transformation from 
voltage to frequency is based on a comparison of input signal 
magnitude to the 1mA internal current source. 

A more complete understanding of the ADVFC32 requires a 
close examination of the internal circuitry of this part. Consider 
the operation of the ADVFC32 when connected as shown in 
Figure 1 . At the start of a cycle, a current proportional to the 



Figure 1. Connection Diagram for V/F Conversion, 
Positive Input Voltage 

input voltage flows through R3 and R1 to charge integration 
capacitor C2. As charge builds up on C2, the output voltage of 
the input amplifier decreases. When the amplifier output voltage 
(pin 13) crosses ground (see Figure 2 at time ti), the comparator 
triggers a one shot whose time period is determined by capacitor 
Cl. Specifically, the one shot time period (in nanoseconds) is: 

tos — (Ci +44pF) x 6.7kfl 



Figure 2. Voltage-to-Frequency Conversion Waveforms 

„ V XN FS 

Kin ~ 0.25mA 
_ + V L ogic 

Both R in and Ci should have very low temperature coefficients 
as changes in their values will result in a proportionate change 
in the V/F transfer function. Other component values and tem- 
perature coefficients are not critical. 


Vinfs 

Foutfs 

C! 

Rin 

C 2 

IV 

10kHz 

3650pF 

4.0ka 

O.OljxF 

10V 

10kHz 

3650pF 

40kn 

0.01|xF 

IV 

100kHz 

330pF 

4.0kD 

lOOOpF 

10V 

100kHz 

330pF 

40kD 

lOOOpF 


Table /. Suggested Values for C 7 , R tN and C 2 



During this period, a current of (1mA -I IN ) flows out of the 
integration capacitor. The total amount of charge depleted during 
one cycle is, therefore (1mA - I IN ) x t os . This charge is replaced 
during the remainder of the cycle to return the integrator to its 
original voltage. Since the charge taken out of C2 is equal to the 
charge that is put on C2 every cycle, 


Input resistance Rin is composed of a fixed resistor (Rl) and a 
variable resistor (R3) to allow for initial gain error compensation. 
To cover all possible situations, R3 should be 20% of R IN , and 
Rl should be 90% of Rin* This allows a ± 10% gain adjustment 
to compensate for the ADVFC32 full-scale error and the tolerance 
of Cl. 


(1mA -I IN ) x t os - Iin x ( v t os ) 

V ^OUT ' 

or, rearranging terms, 

p 

OUT 1mA x t os 

The complete transfer equation can now be derived by substituting 
Iin = Vi N /Ri N and the equation relating Cl and t 0 s* The final 
equation describing ADVFC32 operation is: 

Vin/Rin 

OUT “ 1mA x (Q + 44pF) x 6.7kH 


Components should be selected to optimize performance over 
the desired input voltage and output frequency range using the 
equations listed below: 


C 2 = - - - ^ ? a ^ s/ ^ sec (1000pF minimum) 

r OUT FS 


If more accurate initial offset is required, the circuit of R4 and 
R5 can be added. R5 can have a value between lOkfl and lOOkfl, 
and R4 should be approximately lOMfl. The amount of current 
required to trim zero offset will be relatively small, so the tem- 
perature coefficients of these resistors are not critical. If large 
offsets are added using this circuit, temperature drift of both of 
these resistors is much more important. 

BIPOLAR V/F 

By adding another resistor from pin 1 (pin 2 of TO- 100 can) to 
a stable positive voltage, the ADVFC32 can be operated with a 
bipolar input voltage. For example, an 80kfl resistor to + 10V 
causes an additional current of 0. 125mA to flow into the integrator 
so that the net current flow to the integrator is positive even for 
negative input voltages. At negative full scale input voltage, 
0.125mA will flow into the integrator from Vin cancelling out 
the 0.125mA from the offset resistor, resulting in an output 
frequency of zero. At positive full scale, the sum of the two 
currents will be 0.25mA and the output will be at its maximum 
frequency. 
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UNIPOLAR V/F, NEGATIVE INPUT VOLTAGE 

Figure 3 shows the connection diagram for V/F conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds to zero input voltage. 

A very high impedance signal source may be used since it only 
drive the noninverting integrator input. Typical input impedance 
at this terminal is 250MO or higher. For V/F conversion of 
positive input signals the signal generator must be able to source 
0.25mA to properly drive the ADVFC32, but for negative V/F 
conversion the 0.25mA integration current is drawn from ground 
through R1 and R3. 


C2 



Figure 3. Connection Diagram for V/F Conversion , 
Negative input Voltage 

Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in the previous 
section. For best operating results use component equations 
listed in that section. 


F/V CONVERSION 

Although the mathematics of F/V conversion can be very complex, 
the basic principle is easy to understand. Figure 4 shows the 
connection diagram for F/V conversion with TTL input logic 
levels. Each time the input signal crosses the comparator threshold 
going negative, the one shot is activated and switches 1mA into 
the integrator input for a measured time period (determined by 
Cl). As the frequency increases, the amount of charge injected 
into the integration capacitor increases proportionately. The 
voltage across the integration capacitor is stabilized when the 
leakage current through R1 and R3 equals the average current 
being switched into the integrator. The net result of these two 
effects is an average output voltage which is proportional to the 
input frequency. Optimum performance can be obtained by 
selecting components using the same guidelines and equations 
listed in the V/F conversion section. 


GAIN ADJUST 



Figure 4. Connection Diagram for F/V Conversion , TTL 
input 
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Application Hints - ADVFC32 


DECOUPLING 

Decoupling power supplies at the device is good practice in any 
system, but absolutely imperative in high resolution applications. 
For the ADVFC32, it is important to remember where the 
voltage transients and ground currents flow. For example, the 
current drawn through the output pulldown transistor originates 
from the logic supply, and is directed to ground through pin 1 1 
(pin 8 of TO-lOO). Therefore, the logic supply should be decoupled 
near the ADVFC32 to provide a low impedance return path for 
switching transients. Also, if there is a separate digital ground it 
should be connected to the analog ground at the ADVFC32. 
This will prevent ground offsets that could be created by directing 
the full 8mA output current into the analog ground, and sub- 
sequently back to the logic supply. 

Although some circuits may operate satisfactorily with the power 
supplies decoupled at only one location on each board, this 
practice is not recommended for the ADVFC32. For best results, 
each supply should be decoupled with 0.1 jxF capacitor at the 
ADVFC32. In addition, a larger board level decoupling capacitor 
of ljxF to IOjxF should be located relatively close to the ADVFC32 
on each power supply. 

COMPONENT TEMPERATURE COEFFICIENTS 

The drift specifications of the ADVFC32 do not include tem- 
perature effects of any of the supporting resistors or capacitors. 
The drift of the input resistors R1 and R3 and the timing capacitor 
Ci directly affect the overall temperature stability. In the appli- 
cation of Figure 2, a 10ppm/°C input resistor used with a 
100ppm/°C capacitor may result in a maximum overall circuit 
gain drift of: 

100ppm/°C (ADVFC32BH) + 100ppm/°C (Cl) 

+ 10ppm/°C (Rin) = 210ppm/°C 

Although R in and Ci have the most pronounced effect on tem- 
perature stability, the offset circuit of resistors R4 and R5 may 
also have a slight effect on the offset temperature drift of the 
circuit. The offset will change with variations in the resistance 
of R4 and supply voltage changes. In most applications the 
offset adjustment is very small, and the offset drift attributable 
to this circuit will be negligible. In the bipolar mode, however, 
both the positive reference and the resistor used to offset the 


signal range will have a pronounced effect on offset drift. A 
high quality reference and resistor should be used to minimize 
offset drift errors. 

Other circuit components do not directly influence temperature 
performance as long as their actual values are not so different 
from nominal value as to preclude operation. This includes 
integration capacitor C2. A change in the capacitance value of 
C2 results in a different rate of voltage change across C2, but 
this is compensated by an equal effect when C2 is discharged by 
the switched 1mA current source so that no net effect occurs. 

The temperature effects of the components described above are 
the same when the ADVFC32 is configured for negative or 
bipolar input ranges, or F/V conversion. 

OTHER CIRCUIT CONSIDERATIONS 

The input amplifier connected to pins 1, 13, and 14 is not a 
standard operational amplifier. Although it operates like an op 
amp in most applications, two key differences should be noted. 
First, the bias current of the positive input is typically 40nA 
while the bias current of the inverting input is ± 8nA. Therefore, 
any attempt to cancel input offset voltage due to bias currents 
by matching input resistors will create worse offsets. Second, 
the output of this amplifier will sink only 1mA, even though it 
will source as much as 10mA. When used in the F/V mode, the 
amplifier must be buffered if large sink currents are required. 

MICROPROCESSOR OPERATED A/D CONVERTER 

With the addition of a few external components the ADVFC32 
can be used as a ± 10V A/D microprocessor front end. Although 
the nonlinearity of the ADVFC32 is only 0.05% maximum 
(0.01% typ), the resolution is much higher, allowing it to be 
used in 16-bit measurement and control systems where a monotonic 
transfer function is essential. The resolution of the circuit shown 
in Figure 5 is dependent on the amount of time allowed to 
count the ADVFC32 frequency output. Using a full scale frequency 
of 100kHz, an 8-bit conversion can be made in about 10ms, and 
a 2 second time period allows a 16-bit measurement, including 
offset and gain calibration cycles. 

As shown in Figure 5, the input signal is selected via the AD7590 
input multiplexer. Positive and negative references as well as a 


+ Vref 

inr k 



Figure 5. High Resolution , Self-Calibrating , Microprocessor 
Operated A/D Converter 
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ground input are provided to calibrate the A/D. This is very 
important in systems subject to moderate or extreme temperature 
changes since the gain temperature coefficient of the ADVFC32 
is as high as ± 150ppm/°C. By using the calibration cycles, the 
A/D conversion will be as accurate as the references provided. 
The AD542 following the input multiplexer provides a high 
impedance input (10 12 ohms) and buffers the switch resistance 
from the relatively low impedance ADVFC32 input. 

If higher linearity is required, the ADVFC32 can be operated at 
10kHz, but this will require a proportionately longer conversion 
time. Conversely, the conversion time can be decreased at the 
expense of nonlinearity by increasing the maximum frequency 
to as high as 500kHz. 

HIGH NOISE IMMUNITY, HIGH CMRR ANALOG DATA 
LINK 

In many applications, a signal must be sensed at a remote site 
and sent through a very noisy environment to a central location 
for further processing. In these cases, even a shielded cable may 
not protect the signal from noise pickup. The circuit of Figure 
6 provides a solution in these cases. Due to the optocoupler and 
voltage-to-frequency conversion, this data link is extremely 
insensitive to noise and common mode voltage interference. For 
even more protection, an optical fiber link substituted for the 
HCPL2630 will provide common mode rejection of more than 
several hundred kilovolts and virtually total immunity to electrical 
noise. For most applications, however, the frequency modulated 
signal has sufficient noise immunity without using an optical 
fiber link, and the optocoupler provides common mode isolation 
up to 3000V dc. 

The data link input voltage is changed in a frequency modulated 
signal by the first ADVFC32. A 42.2kf! input resistor and a 
lOOkD offset resistor set the scaling so that a 0V input signal 
corresponds to 50kHz, and a 10V input results in the maximum 
output frequency of 500kHz. A high frequency optocoupler is 
then used to transmit the signal across any common mode voltage 
potentials to the receiving ADVFC32. The optocoupler is not 
necessary in systems where common mode noise is either very 
small or a constant low level dc voltage. In systems where common 
mode voltage may present a problem, the connection between 
the two locations should be through the optocoupler; no power 
or ground connections need to be made. 


The output of the optocoupler drives an ADVFC32 hooked up 
in the F/V configuration. Since the reconstructed signal at pin 
10 has a considerable amount of carrier feedthrough, it is desirable 
to filter out any frequencies in the carrier range of 50kHz to 
500kHz. The frequency response of the F/V converter is only 
3kHz due to the pole made by the integrator, so a second 3kHz 
filter will not significantly limit the bandwidth. With the simple 
one pole filter shown in Figure 6, the input to output 3dB point 
is approximately 2kHz, and the output noise is less than 15mV. 
If a lower output impedance drive is needed, a two pole active 
filter is recommended as an output stage. 

Although the F/V conversion technique used in this circuit is 
quite simple, it is also very limited in terms of its frequency 
response and output ripple. The frequency response is limited 
by the integrator time constant and while it is possible to decrease 
that time constant, either signal range or output ripple must be 
sacrificed. The performance of the circuit of Figure 6 is shown 
in the photograph below. The top trace is the input signal, the 
middle trace is the frequency-modulated signal at the optocoupler’s 
output, and the bottom trace is the recovered signal at the output 
of the F/V converter. 
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SYNCHRO, RESOLVER, INDUCTOSYN 1- AND LVDT-TO-DIGITAL CONVERTERS 


Tracking Rate 



Res 

Input 

Accuracy 

Options 

Model 

Bits 

Format 1 

arc mins 

revs/sec 2 

1S14 

10 

I, R 

±25 

680 

SDC/RDC1741 

12 

S, R 

±15.3 

18 

SDC/RDC1742 

12 

S, R 

±8.5 

18 

1S20 

12 

I, R 

±8.5 

50, 90, 170 

1S24 

12 

I,R 

±8.5 

170 

2S81 

12 

I, R 

±30 5 

260 

SDC/RDC1740 

14 

S, R 

±5.3 

12 

1S40 

14 

I,R 

±5.3 

12.5, 22.5, 42.5 

1S44 

14 

I, R 

±5.3 

42.5 

2S54 

14 

LVDT 

±0.006 6 

360 LSB/ms 7 

1S60 

16 

h R 

±4.0, ±2.6 5 

3, 5.5, 10.5 


Reference 

Frequency 

Input 

Package 

Temp 



Options Hz 

Isol 

Options 3 

Range 4 

Page 

Comments 

2k— »10k 

No 

D, M 

C, M 

5-27 

Error, Ripple Carry, 

Direction and High 

Quality Tachometer Output 

400, 2.6 k 

Yes 

M 

C, M 

5-19 

Tristate, Latched Output 

Internal Transformer Isolation 

400, 2.6 k 

Yes 

M 

C, M 

5-19 

Tristate, Latched Output 

Internal Transformer Isolation 

400^2.6 k, 

2.6 k— >5 k, 

5 k— >10 k 

No 

D, M 

C, M 

5-35 

High Tracking Rate with Velocity. 
Error, Ripple Carry and 

Direction Outputs, Latched, 
Tristate Output. Low Cost 

2k— »10k 

No 

D, M 

C, M 

5-27 

Error, Ripple Carry, 

Direction and High 

Quality Tachometer Output 

400-^20 k 

No 

D 

C 

5-77 

Monolithic, User Selectable 
Dynamic Characteristics 

High Tracking Rate, 

Quality Velocity Output 

400, 2.6 k 

Yes 

M 

C, M 

5-19 

Tristate, Latched Output 

Internal Transformer Isolation 

400-»2.6 k, 

2.6 k— >5 k, 

5 k— »10 k 

No 

D, M 

C, M 

5-35 

High Tracking Rate with Velocity, 
Ripple Carry and Direction 
Outputs, Latched, Tristate 

Output. Low Cost 

2k-»10k 

No 

D, M 

C, M 

5-27 

Error, Ripple Carry, 

Direction and High 

Quality Tachometer Output 

360-^5 k 

No 

M 

C, M 

5-53 

Direct Ratiometric Conversion 
of LVDT Signal, Selectable 

Input Gain. No External Trims 

400-^2.6 k, 

2.6 k^5 k, 

5 k— >10 k 

No 

D, M 

C, M 

5-35 

High Tracking Rate with Velocity, 
Error, Ripple Carry and 

Direction Outputs. Latched 
Tristate Output. Low Cost 
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SYNCHRO, RESOLVER, INDUCTOSYN 1 AND LVDT-TO-DIGITAL CONVERTERS 



Res 

Input 

Accuracy 

Tracking Rate 
Options 

Reference 

Frequency 

Input 

Package 

Temp 



Model 

Bits 

Format 1 

arc mins 

revs/sec 2 

Options Hz 

Isol 

Options 3 

Range 4 

Page 

Comments 

1S61 

16 

I,R 

±10, ±4.0 5 

3, 5.5, 10.5 

400— >2.6 k, 

2.6 k->5 k, 

5 k-^10 k 

No 

D, M 

C, M 

5-35 

Lower Accuracy Version of 

1S60. Low Cost 

1S64 

16 

I, R 

±4.0, ±2.6 5 

10.5 

2k— »10k 

No 

D, M 

C, M 

5-27 

Error, Ripple Carry, 

Direction and High 

Quality Tachometer Output 

2S56 

16 

LVDT 

±0.006 5 

360 LSB/ms 7 

360-»5 k 

No 

M 

M 

5-53 

Direct Ratiometric Conversion 
of LVDT Signal, Selectable 
Input Gain. No External Trims 

1S74 

10, 12, 

14, 16 

I, R 

±4.0, ±2.6 5 

680 9 

2k— »10k 

No 

D, M 

C, M 

5-43 

High Quality Tachometer 
Output, Variable Resolution 

*2S58 

16 

LVDT 

±0.003 6 

680 LSB/ms 7 

7k— »llk 

No 

M 

C, M 

5-53 

Direct Ratiometric Conversion 
of LVDT Signal, High Gain, 
Ultra-Linear 

2S80 

16, 14, 

12, 10 8 

I, R 

±2, ±4, ±8 

1040 9 

50-20 k 

No 

D 

C, M 

5-65 

Monolithic, User Selectable 
Dynamic Characteristics, and 
Resolution High Tracking Rate 
and Quality Velocity Output 

2S82 

16, 14, 

12, 10 s 

I, R 

±2, ±4, ±8 

1040 9 

50-20 k 

No 

P 

C 

5-89 


2S50 

11 

LVDT 

±0.025 6 

200 LSB/ms 7 

400, 1 k-+10 k 

No 

D, M 

C, M 

5-51 

Direct Conversion of LVDT 
Signal, No External Trims 


Required, Tristate Output 

*S = Synchro; R = Resolver; I = Inductosyn. 

2 Revs/sec equivalent to pitches/sec in the case of an Inductosyn; in general higher reference frequency options have higher tracking rates. 

3 Package Options: D-Side-Brazed Dual-In-Line Ceramic; M-Metal Hermetic Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC). 

4 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

5 Consult data sheet. 

6 LVDT converter accuracy given as % full scale linearity. 

7 Slew Rate (min). 

Resolution is user selectable. 

’Depends on resolution selected. 

Boldface type: product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 

+ Inductosyn is a registered trademark of Farrand Industries, Inc. 


cn 
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Selection Guide 

Synchro & Resolver Converters 

DIGITAL-TO-SYNCHRO AND RESOLVER CONVERTER 
Reference Reference Signal 

Load Frequency Input Volt Output Volt Transformer 



Res 

Output 

Accuracy 

Driving 

Options 

Options 

Options 

Output 

Package 

Temp 



Model 

Bits 

Format 1 

arc mins 

Capability 

Hz 

V rms 

V rms 

Isolations 

Options 2 

Range 3 

Page 

Comments 

DR1745 

14 

R 4 

1+ 

w 

1+ 

2. OVA 6 

dc-^2600 

0— >3.4 

0->6.8 

Use Ext. STM1680 
and STM1683 
Transformer 

M 

M 

5-7 

Digital-to-Resolver Con- 
verter with Int. 2VA 

Power Amplifier. Optional 
Int. TransZorb* Protection. 
2 Byte Latched Inputs. 

DR1746 

16 

R 4 

1+ 

K) 

1+ 

2.0VA 6 

dc— >2600 

0— >3.4 

0^6.8 

Use Ext. STM1680 
and STM1683 
Transformer 

M 

M 

5-7 

16-Bit Version of DRC1745 


INPUT TRANSFORMERS 




Frequency 

Accuracy 

Input Voltage 
Options 

Package 

Package 

Size 


Model 

Description 

Hz 

arc mins 

V rms 7 

Options 

Inches (mm) 

Page 

5S72 

Ref Isolation for IS 14/24/44/64/74 
and 1S20/40/60/61 

360 to 

3000 

N/A 

11.8, 26, 115 

Module 

1.12 x 1.12 x 0.4 
(28.5 x 28.5 x 10.2) 

5-101 

5S70 

Signal Input for IS 14/24/44/64/74 
and 1S20/40/60/61 

360 to 

3000 

±0.33 (typ) 
±1.5 (max) 

11.8, 26, 90 

Module 

2.25 x 1.12 x 0.4 
(57.0 x 28.5 x 10.2) 

5-101 


DIGITAL DIRECTOR 

Output Package 

Frequency Drive Accuracy Output Voltage Size 

Model Description Hz VA Degrees V rms Inches (mm) Page 

6S04 Universal Synchro Simulator and 60 to 5 (60 Hz) ±0.1 (60 Hz) 90 V Synchro (Coarse/Fine) 18.3 X 17 x 7 5-103 

Test Instrument 400 15 (400 Hz) ±0.15 (400 Hz) 4.25 V Slab (Coarse) (466 x 432 x 178) 

11.8 V Slab (Fine) 

*R = Resolver. 

2 Package Options: M-Metal Hermetic Dual-In-Line. 

3 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

4 Synchro format output with external output transformer STM1683. 

5 Depends on option. 

6 Can be used with pulsating power supply for reduced dissipation. 

7 Synchro and resolver format available on all models. 

Boldface type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 

*TransZorb is a trademark of General Semiconductor Industries, Inc. 



Orientation 

Synchro & Resolver Converters 


These products constitute a complete line of devices for the 
digital measurement and control of angular and linear displace- 
ments by means of synchros, resolvers, Inductosyns and LVDTs. 
All use the tracking conversion technique in which the digital 
output follows the synchro or resolver shaft automatically without 
the need for convert commands or wait loops. Apart from pro- 
ducing instantaneous angular data, this inherently ratiometric 
conversion method is also very tolerant of noise on the signal 
inputs as well as voltage drops between the transducer and the 
converter. 

In addition to the integrated circuits, hybrids and modules that 
perform the conversions, the line also includes support components 
such as power oscillators, transformers and preamplifiers. 

The range of synchro processing modules now available covers a 
wide area of applications. They are widely used in military and 
radar applications, but there are additional fields in which they 
could be used to advantage because of the proven ruggedness 
and high precision of the electromechanical hardware, their 
standardized specifications and their low cost. They have a 
number of advantages over potentiometers and optical systems. 

In this introductory section, there will be provided a brief set of 
device definitions. Detailed data and applications information is 
given in the data sheets. For a complete introduction to synchro/ 
digital conversion, Analog Devices has available a 208-page 
book, Synchro and Resolver Conversion , edited by G. Boyes 
(1980), $11.50. 

In this section and in much of the text, the word “Synchro” 
appears frequently. In many cases, the word “Resolver” could 
be used in its place. The modules make use of angular data in 
resolver form; if the input data is in three- wire synchro form, 
transformers in “Scott T” configuration convert it to resolver 
form; analog outputs are available in both forms. There are a 
number of voltage and frequency options. 

Linear Variable displacement Transducer (LVDT) converters 
such as the 2S50 series provide the LVDT phase-sensitive 
demodulation and digitization for these extremely rugged 
transducers, which precisely measure displacement over limited 
distances. 


Digital-to-Synchro Converters (DRC1765, 1746) 

Devices that accept parallel binary digital inputs (14 or 16 bits) 
and an ac reference signal, and provide outputs in 3-wire synchro 
form. 

Inductosyn/Resolver-to-Digital Converter 

A device that produces a digital output capable of resolving (to 
12 bits) intermediate distances within a single track-pitch of a 
Farrand linear-Inductosyn stator in displacement- and angle- 
measuring Inductosyn systems. The moving element is used as 
though it were a resolver input; hence the device will also convert 
resolver information to digital. 

Synchro-to-Digital Converters (2S80 Family) 

Devices that accept either 3-wire synchro or 4-wire resolver 
inputs, together with a 2- wire ac reference, and outputs angular 
binary data in a continuously tracking mode employing a Type 
2 servo loop. The inputs may be from either remote synchros or 
from electrically simulated synchros (e.g., DSCs). 

Velocity Output 

A velocity output is useful when the rate of change of position - 
the velocity - as well as the absolute position information is 
needed for monitoring and closed loop control. The 2S80 series 
of monolithic resolver-to-digital converters provides an analog 
velocity signal output in addition to the digital output. 

Support Devices 

Power Oscillators such as the OSC 175 8 act as the drive oscillator 
for Inductosyns. 

Input Transformers such as the 5S70 and 5S72 isolate the reference 
input from the converter. 

High-Gain Preamps such as the IPA1764 amplify the Inductosyn 
voltages to converter levels. 

REPRESENTATION OF ANGLES IN DIGITAL FORM 
Binary 

The most commonly used method of representing angles in 
digital form is simple natural binary weighting, where the most 
significant bit (MSB) represents 180°, the next represents 90°, 
etc. The table shows the bit weights in degrees, degrees and 
minutes, and radians for this coding method. 


Bit No. 

Degrees 

Degrees, Minutes 

Radians 

1 

180 

180 

0 

3.141593 

2 

90 

90 

0 

1.570796 

3 

45 

45 

0 

0.785398 

4 

22.5 

22 

30 

0.392699 

5 

11.25 

11 

15 

0.196349 

6 

5.625 

5 

37.5 

0.098175 

7 

2.8125 

2 

48.75 

0.049087 

8 

1.40625 

1 

24.38 

0.024544 

9 

0.70312 

0 

42.19 

0.012272 

10 

0.35156 

0 

21.09 

0.006136 

11 

0.17578 

0 

10.55 

0.003068 

12 

0.08789 

0 

5.27 

0.001534 

13 

0.04395 

0 

2.64 

0.000767 

14 

0.02197 

0 

1.32 

0.000383 

15 

0.01099 

0 

0.66 

0.000192 

16 

0.00549 

0 

0.33 

0.000096 
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ANALOG High Power Output, Hybrid 

DEVICES Digital-to-Synchro/Resolver Converters 


DRC1 745/DRC1 746 


FEATURES 

14- or 16-Bit Resolution 
2 or 4 Arc-Minutes Accuracy 
2VA max Mean Output Drive Capability 
Full Accuracy for dc to 2.6kHz Reference 
Full Accuracy with dc or Pulsating Power 
Supplies (PPS) 

Guaranteed Operation With 3V dc Pedestal on PPS 
Can Drive Pure Inductive, Resistive or Highly 
Capacitive Loads 

LS or CMOS Latched Inputs With Separate High/Low 
Byte Enable 

Low Radius Vector Variation (0.03%) 

Optional TransZorb™ Protection Against 
Inductive Spikes on Output 
Protected Against +200% Overvoltage on 
Analog Input 

Remote Output Sensing Facility 
No Trims or External Adjustments 
Full Output Short Circuit Protection 
Single 40-Pin Package 
Hi Rel, MIL-STD 883B Versions Available 

APPLICATIONS 

Driving Synchro and Resolver Control Transformers 
Avionic Equipment (e.g., Air Data Computers) 

Interfacing With Servo Systems 
Fire Control System Outputs 
Naval Retransmission Unit Outputs 
Outputs to Radars and Navigational Aids 
Aircraft and Naval Simulators 

GENERAL DESCRIPTION 

The DRC1745 and DRC1746 are hybrid packaged Digital-to- 
Resolver converters. They accept a 14-bit or 16-bit digital input 
word representing angle and output sine and cosine voltages 
multiplied by an analog input. The converters maintain full 
accuracy when the analog input frequency is in the range dc to 
2.6kHz. 

The units have internal power amplifiers capable of driving a 
2VA load which can be pure inductive, resistive or highly capaci- 
tive. The output is fully short-circuit protected against overcurrent. 
The output of the converter can be used to drive directly into 
resolver control transformers or in conjunction with an external 
transformer module to drive synchro control transformers. The 
power available is more than adequate to drive all standard 
synchro control transformers. 

The separately powered output stage is compatible with conven- 
tional ± 15V dc power supplies or pulsating power supplies with 
pedestal components as low as 3V dc. 

The use of pulsating power supplies greatly reduces the internal 
power dissipation in the hybrid package which in turn maximizes 
the converter’s Mean Time Between Failures (MTBF). 


DRC1745/DRC1746 FUNCTIONAL BLOCK DIAGRAM 



no 

NOTE: "A|.o", "GND", AND "SIG GND" ARE INTERNALLY CONNECTED 
IN STAR POINT. 

A particular feature of the converters is that they have a remote 
sensing facility which means that output accuracy can be main- 
tained even when long lines have to be driven. 

The converter’s data inputs are latched and the latches can be 
CMOS or Low Power Schottky (LS). The former gives advantages 
in terms of power dissipation and the latter in terms of glitch 
performance when used in fast dynamic update modes. The 
latches are transparent and have a separate high and low byte 
enable. 

As an option, the output stage can be fitted with internal Trans- 
Zorb™ protection. This gives full protection against transient 
voltages generated by an inductive load in response to an abrupt 
change in load current. This condition can occur at switch off 
or as a consequence of external power supply fault conditions. 

The units are packaged in 40-pin dual in line hybrid packages 
and require no external trims or adjustments. 

MODELS AVAILABLE 

The DRC1745 (14-bit resolution) and DRC1746 (16-bit resolution) 
are available with accuracies of ±2 or ±4 arc-minutes. Both 
units have optional TransZorb protection and a choice of either 
LS or CMOS inputs (see Ordering Information). 

Two sets of reference and output transformers are available. 

The STM 1660/STM 1663 operates over 47Hz to 440Hz while 
the STM1680/STM1683 operates over 360Hz to 2.6kHz. The 
transformers can be Scott T connected to provide a synchro 
output format. 

TransZorb is a registered trademark of General Semiconductor 
Industries, Inc. 
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SPECIFICATIONS (typical @ +25°C and dt 15V power supplies, unless otherwise noted) 


Models DRC1745 DRC1746 

Reference Input Output 

Transformer Transformer 

Model STM1680/STM1660 STM1683/STM1663 

DIGITAL INPUT RESOLUTION 14 Bits (1.32 arc-minutes) 16 Bits 

(0.33 arc-minutes) 

INPUTVOLTAGE 11.8,26, 115 V rms 6.8V rms 

depending on option 

Rhi>Ri.o Sin, Cos 

DIGIT AL INPUT FORMAT Parallel natural binary , TTL compatible . * 

Includes internal 27kfi pull-up resistors. 

OUTPUT VOLTAGES 3.4V rms ±1% 11.8, 26, 90V rms ± 5% 

A HI ,A L o S1,S2,S3,(S4) 

RECOMMENDED ANALOG INPUT 3 .4V rms (single ended input) 

(Vref) 1 3.53V rms (max) * 

OUTPUT FORMAT N/A Synchro or resolver 

depending on option 

OUTPUT WITH RECOMMENDED 6.8V rms * 

ANALOG INPUT 7 .07V rms (max) * 

FREQUENCY RANGE 

STM1680 360Hz-2.6kHz 

STM 1660 47Hz-440Hz 

STM 1683 360Hz-2.6kHz 

STM 1663 47Hz-440Hz 

GAIN(V REF toVo) 2 ±0.1% * 

GAIN TEMPERATURE 

COEFFICIENT 25ppm/°C(max) * 

ANALOG INPUT (Vref) 

FREQUENCY RANGE dc to 2.6kHz * 

INPUT IMPEDANCE 

11.8V Input 50kO(min) N/A 

26V Input 30kfl(min) N/A 

1 1 5 V Input 800kfl(min) N/A 



OUTPUT OFFSET VOLTAGE 25mV(max) * 

ACCURACY 

0. 1 VA Load N/A ±1.0 arc-min (max) 

1 .4VA Load N/A ±2.0 arc-min (max) 

2.0VALoad N/A ±3.0 arc-min (max) 

Temperature Coefficient N/A ± 0.02 arc-min/°C (max) 

OUTPUT OFFSET VOLTAGE DRIFT 50jiV/°C (max) * 

OUTPUT DRIVE CAPABILITY 2VA (max mean) 

± 377mA peak (S> 10.6V peak * 

PHASE SHIFT (V REF to V 0 ) 0.08°<ffi400Hz * 

OUTPUT IMPEDANCE 

11.8V Output N/A 2.90 (typ) 

26V Output N/A 13.60 (typ) 

90V Output N/A 1560 (typ) 

OUTPUT PROTECTION 

Overvoltage TransZorb (optional) 

± 12V standoff, ± 15 V clamp * 

Overcurrent Limit set@550mA peak. (Case header 

must be maintained @ 1 25°C max). * 

DC ISOLATION 

Voltage 1000V 1000V 

RESPONSE TO A STEP INPUT 20/xs (max) to within accuracy of converter. 

Any size digital step input . * 

SIZE 

STM1680 1.12x1.12x0.4" 

(28.5 x 28.5 x 10.2mm) 

STM 1660 1.12x1.12x1.0" 

(28.5 x 28.5 x 25.4mm) 

STM1683 2.25x 1.12x0.4" 

(57. lx 28.5 x 10.2mm) 

STM1663 2.25x1.12x 1.0" 

(57.1 x 28.5 x 25.4mm) 

VECTOR ACCURACY 

Radius Error 2 0.03% * 

Angular Error ± 2 or ± 4 arc-minutes * 

POWER SUPPLY (NO LOAD) 3 ’ 4,5 

LS Latch Options + 1 5 Volts 1 5mA (typ) 22mA (max) * 

- 1 5 Volts 1 5mA (typ) 22mA (max) * 

+ 15(P) Volts 20mA (typ) 34mA (max) * 

- 1 5(P) Volts 20mA (typ) 34mA (max) * 

+ 5 Volts 44mA (typ) 72mA (max) * 

CMOS Latch Options + 1 5 Volts 24mA (typ) 30mA (max) * 

- 1 5 Volts 1 5mA (typ) 22mA (max) * 

+ 15(P) Volts 20mA (typ) 34mA (max) * 

-15(P) Volts 20mA (typ) 34mA (max) * 

Additional Current 

(Load Dependent) + 1 5(P) Volts 400mA Peak (max) * 

-15(P) Volts 400mA Peak (max) * 

TEMPERATURE RANGE 

Operating - 55°C to + 125°C - 55°C to + 125°C 

Storage - 60°C to + 1 50°C - 60°C to + 1 50°C 

WEIGHT (max) 

STM 1680 1.5oz(42grams) 

STM1660 3.0 oz (84 grams) 

STM1683 2.5 oz (70 grams) 

STM 1663 5.0 oz (140 grams) 

N/A means not applicable. 

PULSATING POWER SUPPLY 

PEDESTAL 3V dc (min) * 

POWER DISSIPATION See Power Dissipation section of this data sheet. * 

CASE TEMPERATURE RANGE 6 - 55°C to + 125°C Operating * 

- 65°C to + 1 50°C Storage * 

SIZE 40-Pin DILI. 14x2. 14x0. 18" * 

(29.0 x 54.4 x 4.6mm) * 

WEIGHT 0.9 oz (25 grams) * 


NOTES 

’Vrkf is internally clamped to ± 15V power supplies. Input current should not exceed 10mA. 
2 Worst case error over operating temperature range. 

J The + 5 volt power supply must never go more than 0.3V below GND potential. 

4 Correct polarity voltages must be maintained on the ± 15V and the ± 15V(P) pins, 
bracking of the ± 15V and ± 15(P) supplies must be maintained. 

5 Adequate heat sinking must be provided to keep the case temperature less than 125°C. 
‘Specifications same as DRC1745. 

Specifications subject to change without notice, 


ABSOLUTE MAXIMUM INPUTS 


+ 15V to GND 

-15V to GND 

+ 5V to GND + 5.5V, 

+ 15(P) to - 15(F) 

Digital Inputs GND + 5.5V, 


+ 17V 
-17V 
-0.3V 
+ 40V 
-0.3V 
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DRC1 745/DRC1 746 


THEORY OF OPERATION 

The operation of the DRC1745 and DRC1746 is illustrated in 
the block diagram shown in Figure 1 . 

The reference voltage, Vrefj (A sin oat) is multiplied by both 
Sin 0 and Cos 0 where 0 is the digital angle. The resultant outputs 
then pass through the current booster output stage to provide 
the resolver format output voltages viz: 

2A Sin oat Sin 0 (Sine output) 

and 2 A Sin oat Cos 0 (Cos output) 

(Note: Converter has a gain of 2 from input to output.) 



The sine and cosine outputs are taken from the “Sin” and “Cos” 
pins with “SIG GND” as the common connection. 

The remote sense facility using “Cos Sense” and “Sin Sense” 
connections should be used as described under the “Remote 
Output Sensing” heading. If not used, the sense outputs should 
be connected to the corresponding Sin and Cos outputs. 

DIGITAL DATA INPUT 

The digital input to the converters is internally buffered by 
transparent latches. The latches will be CMOS (type 54C373) 
or low power Schottky (LS)(type 54LS373) depending on the 
option. 

The “HBE” input controls the input of the most significant 8 
bits and the “LBE” input controls the input of the least significant 
bits (6 in the case of the DRC1745 and 8 in the case of the 
DRC1746). 

A logic “Hi” on the control lines causes the input to appear 
transparent and the converter output will follow the changes on 
the digital input. When “HBE” and “LBE” are taken to a logic 
“Lo” state, the converter output will be latched at the level of 
the data present on the input at the low going edge and remains 
constant until “HBE” and “LBE” are taken to a “Hi” state 
again. If the latches are not required, “HBE” and “LBE” can 
be left open circuit. The timing diagram in Figure 2 illustrates 
the use of “HBE” and “LBE”. 

Internal resistive pull-ups (to + 5V using 27k resistors) are 
employed on all digital inputs. This ensures full TTL compatibility 
for either latch option even when sourcing 50pA of leakage 
current into each external digital driver. 


Figure 1. Theory of Operation 

CONNECTING THE CONVERTER 

The connections to the DRC1745 and DRC1746 are very 
straightforward. 

The digital inputs should be connected to the converter using 
pins 1 (MSB) through 14 (LSB) in the case of the DRC1745 
and through 16 (LSB) in the case of the DRC1746. The format 
of the digital angular input is shown under the “Bit Weight 
Table” section on this page. 

The digital input control lines should be connected as described 
under the “Digital Data Input” section. 

A L o and A H i are for the analog input reference voltage (V REF ). 
It should be noted that this is a single ended input where A LO is 
grounded internally. If it is desired, the Vre F input can be 
externally isolated using the STM1680 or STM1660 transformer. 
See the section on “Output and Reference Transformers”. 

The converters have separate power supply inputs for the output 
amplifier stage (+ 15V(P) and - 15V(P)) and for the remainder 
of the converter (4- 15V and — 15V). When dc power supplies 
are used for the output stage, the supplies may be linked. However, 
when pulsating power supplies are used for the output stage, a 
separate dc supply must be provided for the + 15V and — 15V 
requirement. The converters have internal capacitive decoupling 
of 47nF on both power stage and converter supply but it is 
recommended that 6.8(jlF capacitors are taken from the + 15V 
and - 15V pin to “GND”. 

The “Case” pin is joined to the case which is isolated and should 
be connected to a convenient zero potential point in the system. 


DIGITAL 

INPUT 


XXXI 


xxxx: 


HBE/LBE 


1 

1 

| 

1 1 



= 5ns MAX LS OPTIONS 

*171 

i i 
■ i 

1 t h 

! 

i 

140ns MAX CMOS OPTIONS 
= 20ns MAX LS OPTIONS 

0ns MAX CMOS OPTIONS 


NOTE: INTERNAL LATCHES ARE: 54LS373(LS) 54C373(CMOS) 

Figure 2. Data Transfer Diagram 


BIT WEIGHT TABLE 
Bit Number Weight in Degrees 


1 (MSB) 

180.0000 

2 

90.0000 

3 

45.0000 

4 

22.5000 

5 

11.2500 

6 

5.6250 

7 

2.8125 

8 

1.4063 

9 

0.7031 

10 

0.3516 

11 

0.1758 

12 

0.0879 

13 

0.0439 

14 (LSB DRC1745) 

0.0220 

15 

0.0110 

16 (LSB DRC1746) 

0.0055 
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POWER DISSIPATION, PULSATING POWER SUPPLIES 
AND HEAT SINKING 

The DRC1745 and the DRC1746 can be used with conventional 
dc power supplies or a pulsating power supply on the output 
stage (see Figure 3). The latter gives significant reductions in 
power dissipation within the hybrid package without any attendant 
loss of accuracy. 

When using a pulsating power supply, full advantage can be 
taken of the special design which allows the power supply to 
have a very low dc pedestal voltage. This results in minimized 
power dissipation. The pedestal voltage can in fact be as low as 
3 volts. The combined pedestal plus peak supply voltage must 
not exceed the absolute maximum rating. 

Full accuracy is retained during operation on pulsating power 
supplies because the output stage employing these supplies is 
only used to provide current gain. Overall operational loop gain 
is independently powered. There are no special switch-on/switch- 
off power supply sequencing requirements, and full internal 
protection is provided. 

The section below demonstrates the power dissipation differences 
for different load conditions when using dc supplies and pulsating 
power supplies. 

DC Power Supplies: 

With inductive loads, the dc resistance is low compared with ac 
impedance; therefore care should be taken to ensure that no dc 
offset occurs at the sin and cos outputs. Note that under external 
current limit conditions asymmetry of the power supplies could 
occur, forcing a large dc offset to be present at the sin and cos 
outputs causing heavy power dissipation in the device. Case 
temperature must be maintained below 125°C. 

As the reference input, A H i, is directly coupled, output offset 
will occur if any dc component is present at this input. 

When using dc power supplies, the expression for additional 
load dependent power dissipation is: 

2 V dc Ii , , , , V 0 I, Cosa 

p = — ^ (Ml + |cose|) - (i) 

Where V G is the peak output voltage. 

1 1 is the peak value of the output load current. 

G is the digital angle. 
a is the load phase angle. 

V dc is the dc power supply voltage (usually ±15 volts). 

Pulsating Power Supplies: 

When using a pulsating power supply, the expression for additional 
load dependent power dissipation within the hybrid is: 

p _ — -JLi (|Sin0| + |Cos0|)+ (Sina-aCosa) (2) 

Where V ac is the peak ac component of the pulsating power 
supply assumed equal to the peak output voltage, V Q . 

1 1 is the peak value of the output load current. 

0 is the digital angle, 
a is the load phase angle. 

V p is the dc pedestal voltage of the pulsating power 
supply. 

V 0 

Note that Ii = j^[ where V Q = Peak output voltage 
== 2xVref 
|Z| = output load 


WAVEFORM MUST BE IN PHASE WITH CONVERTER REFERENCE 
(V REF = A SIN wt) CONSISTENT WITH MAINTAINING A POWER 
SUPPLY EXCESS OVER THE OUTPUT WAVEFORM GREATER 
THAN V P . 



Figure 3. Pulsating Power Supply Format 

Examples of Power Dissipation: 

Many factors influence the power dissipation within the hybrid. 
The following two examples, using typical load values and worst 
case digital angle conditions (45 degrees), illustrate the saving in 
power dissipation which can be achieved by using a pulsating 
power supply employing a low pedestal voltage. 

Note that in the following examples we have chosen: 

V dc = ±15 volts 
V p = 3 volts 

V c = 9.6 volts (6.8 volts rms) 

V ac = 9.6 volts (should be chosen to equal V Q ) 

1 1 = 292mA (equivalent to a 1 .4VA mean load) 

1) DC power supply, 0 = 45° resistive load. 

„ 2 x 15 x 0.292(Sin45° + Cos45°) - 9.6x0.292x1 

1 7T 2 

= 3.943 - 1.402 
= 2.54 Watts 

2) As example (1) but with a 3 volt pedestal pulsating power 
supply. 

From equation (2): 

p = 2 x 3 x 0.292(Sin45° + Cos45°) + 9.6x0.292x0 

7T TT 

= 0.79 Watts 

Thus the pulsating power supply has cut down the internal 
dissipation by 1.75 watts, a ratio of 3.2:1. 

A similar calculation using an inductive load shows a reduction 
from 3.94 Watts, using a dc power supply, to 1.68 Watts, when 
a 3 volt pedestal pulsating power supply is used. Thus the pulsating 
power supply has cut down the internal dissipation by 2.26 
Watts, a ratio of 2.3:1. 

The graph shown in Figure 4 shows the temperature at the 
hottest part of the base of the hybrid (in the middle of the base 
between “+ 15V(P)” and the opposite “N/C” pin) for resistive 
loads up to 2VA using dc supplies and pulsating supplies with 
pedestals of 3 volts and 5 volts. 

Figure 5 shows a similar graph for inductive loads up to 1VA. 
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NOTE: 

1. AMBIENT TEMPERATURE 2VC. NO HEAT SINK. 

2. TEMPERATURE MONITORED WITH WORST CASE DIGITAL INPUT (45°). 

3. TEMPERATURE MEASURED ON HOTTEST PART OF CASE. 


Figure 4. Case Temperature for Resistive Loads 



LOAD POWER - VA 

NOTE: 

1. AMBIENT TEMPERATURE 21°C, NO HEAT SINK. 

2. TEMPERATURE MONITORED WITH WORST CASE DIGITAL INPUT (45°). 

3. TEMPERATURE MEASURED ON HOTTEST PART OF CASE. 


Figure 5. Case Temperature for Inductive Loads 


As can be seen from Figures 4 and 5, it will be necessary to 
provide heat sinking when driving significant loads in order to 
keep the temperature of the case below its 125°C maximum. 

The converters have been designed with a flat metal base to 
facilitate mounting on heat sinking materials. Special thermal 
management, utilizing direct eutectic bonding, has been employed 
in the output stage to minimize thermal resistance to: 

Angle 

0°, 90° 0 Junction/case = less than 12°C/watt 

45°, 135° 0 Junction/case = less than 6°C/watt 

Consequently the internal junction temperatures do not exceed 
case header temperature by more than 20°C when using pulsating 
power (even under worst case pure inductive load conditions. 
The maximum permitted junction temperature is 155°C). 

CALCULATING THE LOAD 

The following describes how to calculate the load. 

In the case of synchro control transformers, first determine the 
value of Zso. This impedance is normally quoted by the synchro 
manufacturer. 

The load presented by the control transformer will be: 


where V 2 is the rms signal input voltage. 

When the STM 1683 output transformer pair is used, it is necessary 
to add 0.25VA to the calculated figure to allow for transformer 
magnetizing current. For the STM 1663 output transformer a 
figure of 0.30VA should be added. 

For example, assume that a 90V rms signal, 400Hz synchro 
control transformer is to be driven by the DRC1745 in conjunction 
with the STM 1683/4 12 output transformer pair. (The STM 168 3/ 
412 boosts the 6.8V rms signal from the DRC1745 to the 90V 
rms required by the control transformer.) 

Zso the control transformer is quoted as: 

700 4- j4900 


Therefore 

iZsol = V700 2 + 49002 = 4950 Ohms 

Therefore, the load presented by the control transformer is: 

90 2 3 

J50 x f “ 123VA 

Adding to this value 0.25VA for the STM 1683 gives a figure of 
1.48VA total. 

In the case of a resolver control transformer the same exercise 
must be performed but it is not necessary to multiply by 3/4. 
Some resolver manufacturers quote rms input current and in 
this case the load will be the product of the input current and 
the rms voltage used to drive it. The 0.25VA must be added if 
the STM 1683 transformer pair is used. 

DRIVING CAPACITIVE LOADS 

Synchros and resolvers often employ capacitive tuning to minimize 
power dissipation. This tuning can be on the load itself or (pref- 
erably for best accuracy) on the primary of the transformer 
driving the load. Full tuning modifies the load to appear resistive 
at the reference frequency, but it appears progressively more 
capacitive at all frequencies above. 

Since the converter is an active negative feedback device, it is 
essential to include a low value resistor in series with each tuning 
capacitor to prevent highly dissipative output stage oscillation. 
This resistor must not be less than 3.3fl. A value of 5.6fl is 
recommended when referred to the output of the DRC1745/ 
DRC1746. 

The DRC1745 and DRC1746 can readily drive capacitive inputs 
up to lOOnF at the converter output terminals without special 
precautions. However, please consult the factory when extreme 
lengths of screened cable or any other cases of high capacitance 
are to be driven. For example in the case of step-up transformers 
where the effective capacitance to be driven is: 

Cefr = n 2 C L 

Where Cl is the capacitive load. 
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NOTE: THE REMOTE SENSE FACILITY IS SHOWN IN THE ABOVE DIAGRAM. 
C T IS THE TUNING CAPACITOR. 


Figure 6. Incorporating a Resistor in the Tuning Circuit 
Care must be taken in tolerancing the tuning capacitors when 
using secondary tuning since the significant output impedance 
of typical output transformers can give rise to capacitive balance 
related angular errors. 

The use of these precautions enables the converters to drive 
fully tuned 2VA loads. 

For more information please send for relevant application note. 

SHORT CIRCUIT PROTECTION 

The short circuit current limit is set at < 600mA maximum. 

Under short circuit or excessive current conditions, the overcurrent 
protection circuit will trip and reduce the output current to 
zero. In order to minimize power dissipated under current limit 
conditions the device goes into a switching mode, testing the 
load condition at a high frequency. 

When the overload conditions are removed, the output is auto- 
matically restored to its normal condition. 

VECTOR ERRORS AND EFFECTS 

The error law used in the converter has no inherent vector 
errors. The figure of 0.03% given in the specification is accounted 
for by tolerances in some of the thin-film resistor networks used 
in the converter. 

These very low vector errors make the converters ideally suited 
for applications such as displays, or metal cutting control where 
perfect circles have to be generated. 

BANDWIDTH 

The open loop gain bandwidth product of the DRC1745 and 
DRC1746 has been tailored to ensure that the full angular accuracy 
is maintained over the broadband range of dc to 2.6kHz. This 
results in a closed loop bandwidth of 300kHz. 

REMOTE SENSE FACILITY AND ADDITIONAL 
OUTPUT ERRORS 

A remote sense facility is included in the DRC1745 and DRC1746 
in order to reduce errors caused by the output interconnection 
wiring when driving large loads. The magnitude of this error is 
illustrated by two examples below. 

Assume that the sine and cosine load impedances are perfectly 
matched and the sine output wiring resistance matches the 
cosine output wiring resistance to within 5%. Then for a resistive 
load of 1.4VA (33 ohms) and the worst case angle of 45 degrees, 
there will be 1.3 arc-minutes of extra error introduced for every 
250 milliohms of resistance for the loop wiring between the 
converter and the load. (AWG22 = 17mO/ft, 1 oz PCB copper 
= 400mfi/ft.) 

In the case of an inductive load under similar conditions, 500 
milliohms would produce the same error. 


Using the remote sense facility as shown in Figure 7 will half 
this error or allow twice the distance to be driven for the same 
additional error. 

If the remote sense is not used, then “COS SENSE” should be 
joined to “COS” and “SIN SENSE” should be joined to “SIN” 
at the PCB edge connector. 

Note also that when output transformers are used with the 
converters they should be regarded as the load and the remote 
sense wires taken to the transformer primary inputs. 

Sense wiring may employ minimum wire gauge; it does not 
carry load current. 



Figure 7. Using the Remote Sense Facility 


The ground returns from the load should be individually wired 
and star-point connected at the converter’s signal ground. Any 
common resistance in the signal returns will produce errors due 
to the summation of the sin and cos outputs. With a resistive 
load of 33 ohms at 1.4VA, and at the worst angles of 0 and 90°, 
there will be 1.3 arc-minutes of extra error introduced for every 
12.5 milliohms of common signal return resistance. 

TRANSZORB™ OUTPUT PROTECTION 

As an option, the output stages of the converter can be internally 
fitted with TransZorb protection. This form of protection can 
be advantageous and significantly increase the Mean Time Between 
Failures when driving inductive loads. The TransZorbs, which 
are effectively back to back zener diodes, give full protection 
against transient voltages generated by an inductive load in 
response to an abrupt change in load current. Such a change 
can occur at switch off or as a consequence of external power 
supply fault conditions. The TransZorbs are rated to give pro- 
tection against worst case transients corresponding to an instan- 
taneous interruption of the converter when driving into a full 
2VA pure inductive load with the converter operating at the 
maximum case temperature of 125°C. 

Figure 8 shows a simplified diagram of the converter output 
stage indicating the action of the TransZorb when the 15 volt 
supply is interrupted. 

It is important to appreciate that destructively high voltages can 
be generated (given by E = Ldi/dt) even for modest inductive 
loading, under many fault conditions, since di/dt is effectively 
uncontrolled. Internal TransZorb protection is a better and 
more direct solution to the problem than employing a pair of 
reverse biased diodes to the output stage power supplies. This is 
because the transient is contained within the specific load disturbed 
and does not escape into the power supply wiring and hence 
cause possible damage to other equipments and devices. A domino 
effect of catastrophic failure is therefore prevented. 

Figure 9 shows the nature of transient waveforms where by the 
very large transient voltage generated by the inductive load is 
limited to a safe clamp level when it is applied to the output 
stage. 

TransZorb is a registered trademark of General Semiconductor 
Industries, Inc. 
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Figure 8. DRC1745/DRC1746 Output Stage Showing 
TransZorb Protection 



Figure 9. Transient Waveforms and TransZorb Clamping 

In addition, there are conventional diode clamps on the ± 15V(P) 
power supplies. 

OUTPUT AND REFERENCE TRANSFORMERS 

A set of low profile (0.4" high) reference and output transformers 
(which are capable of handling the full drive capability of the 
DRC1745 and DRC1746 over a frequency range of 360Hz to 
2.6kHz) are available in order to accept the standard voltage 
formats of synchros and resolvers. 

The reference transformer, STM1680, can accept voltages of 
11.8 volts, 26 volts or 115 volts depending on the option and its 
output is 3.4 volts rms which is suitable for connecting to A H i 
and A L o on the converter. 

The output transformer pair, STM 1683, accepts the 6.8 volts 
rms output of the converter and provides a synchro or resolver 
format depending on the option. 

Note: For resolver option for the STM1683 transformer, part 
number is RTM1683. 

The pin out and dimensions of the STM1680 and STM1683 are 
shown on the next page, and the connection to the converter in 
Figure 10. 

Note: For operation over the frequency range 47Hz to 440Hz a 
similar set of transformers are available (1.0" profile height). 
Part numbers are STM 1660 (reference transformer) and 
STM 1663 (output transformer). 

RESISTIVE INPUT SCALING 

The analog reference input can be externally resistively scaled to 
cater for a wide range of voltage both when used with or without 
the reference transformer, STM 1680/STM 1660. 

When the converters are used with the STM 1680/STM 1660 
transformer, a resistance of value 3kfl per extra volt required 
should be inserted in the A H i line. Care should be taken to 
ensure that the voltage on the analog input (A ra , A LO ) is 3.4 



FOR RESOLVER OUTPUT "TC" IS S4 (NO LINK) 

Figure 10. Connecting the DRC1745 to the STM 1680 and 
STM 1683 Transformers 

volts rms in order to provide a full scale analog output. The 
maximum output voltage of the converter is proportional to the 
input voltage (gain of 2) and therefore the resistor tolerance 
should be chosen so that the correct voltage appears across the 
A hi, A lo pins. Note that the input to the reference transformer 
should not exceed the rated max. 

Note that the best dc output offset performance is achieved 
when the STM 1680/STM 1660 transformer is used. However the 
use of resistive scaling can never cause an additional offset of 
greater than 6.5mV (max), 2.6mV (typ). 

OTHER PRODUCTS 

We manufacture a wide range of hybrid and modular circuits 
for processing synchro and resolver information. Please ask for 
our comprehensive literature. 


PROCESSING FOR HIGH RELIABILITY 
STANDARD PROCESSING 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 



PROCESS 

CONDITIONS 

1 . 

Pre-Cap Visual Inspection 

In-House Criteria 

2. 

Constant Acceleration 

3000g 

3. 

Burn-In 

160 hrs. at 125°C 

4. 

Gross Leak Test 

In-House Criteria 

5. 

Final Electrial Test 

Performed at 25°C 


HI-REL PROCESSING 

All models ordered to high reliability requirements will be iden- 
tified with a B suffix, and will have received the following 
processing: 

1. Internal visual inspection 

2. Stabilization bake, 24 hours at 150°C 

3. Temperature cycling, -65°C to 4 - 1 50°C 

4. Constant acceleration, 3000g 

5. Powered burn-in, 160 hours at 125°C 

6. Final electrical test at Tmin and Tmax 

7. Seat test, fine and gross 

8. External visual inspection 
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OUTLINE DIMENSIONS 
PACKAGING SPECIFICATIONS 

Dimensions shown in inches and (mm). 

STM1680/STM1660 STM1683/STM1663 





0.040 (1.02) DIA. ,, „ 

BRASS PINS II || 0.212 (5.38) 

GOLD PLATED 



BOTTOM VIEW 



qp 


- j \ 


0.040 (1.02) DIA. 
BRASS PINS 
GOLD PLATED 


u u_ 



BOTTOM VIEW 


1. "TC" READS "S4" and "CT" READS "NC" ON RESOLVER DEVICE (RTM1683). 

2. DIMENSION "A" IS 0.4 (10.2) FOR STM1680 AND STM1683, AND 1.0 (25.4) FOR STM 1660 AND STM 1663. 
THE TOLERANCES ARE +0.010". -0.005" OR +0.25mm, -0.13mm. 


DRC1745/1746 


ORDERING INFORMATION 



PIN 31 IS "N/C" ON "C" OPTION AND " + 5V" 
ON "L" OPTION. 




TOLERANCES ±0.005"(1.3I 
UNLESS OTHERWISE STATED 


1745 = 

1746 = 


DRC1745/LT4/B 


14-Bit Resolution 
16-Bit Resolution 



Add B after part number 
if high reliability processing 
required. 


2- ±2 Arc-Mins Accuracy 


L = Low power Schottky 

input latches 

C = CMOS input latches 


I 4 = ± 4 Arc-Mins Accuracy 

■ T = Internal TransZorb protection 

O = Without TransZorb protection 


STM1680.A 


1680 = 360Hz- 2.6kHz 
1660 = 47Hz — 440Hz - 


— A = 26V (26V reference, synchro) 

— A = 115V (115V reference, synchro) 

— A = 11V8 (11.8V reference, resolver) 

— A = 26V (26V reference, resolver) 


STM1683.4YZ 


STM for synchro 1 

output options I 

RTM for resolver ' 

output options 


1683 = 360Hz- 2.6kHz 
1663 = 47Hz — 440Hz - 


— Z = 1 (11.8V rms synchro output) 

— Z = 2 (90V rms synchro output) 

— Z = 3 (11.8V rms resolver output) 

— Z = 4 (26V rms resolver output) 

— Z = 8 (11.8V rms resolver output) 

— Y = 1 360Hz to 2.6kHz (STM1683 only) 

Y = 2 47Hz to 440Hz (STM1663 only) 

4 = -55°Cto + 125°C operating 

temperature range. 
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ANALOG 

DEVICES 


Hybrid Inductosyn Preamplifier 

IPA1764 


FEATURES 
Hybrid Construction 
Phase Shift <5° 

Phase Match <1° 

Load Capacity 10,000pF 

Full Military Temperature Range 

APPLICATIONS 

The IPA1764 is recommended for use with the 
1 SI 0/20, 1S14/24 and other 10- and 12-bit 
lnductosyn*/Resolver-to-Digital Converters. 

GENERAL DESCRIPTION 

The output signals from an Inductosyn slider are at a low level 
of the order millivolts and require amplification and buffering 
before transmission to an Inductosyn-to-digital converter. The 
IPA1764 provides the necessary gain and output impedance for 
this purpose. 

Any gain mismatch in the two channels amplifying the sine and 
cosine outputs of the Inductosyn slider contributes to the system 
error. The IPA1764 with a 0.15% gain match over the temperature 
range only contributes an error of 0.23 micron using a 2mm 
pitch Inductosyn. By carefully controlling phase mismatch to 
less than 1°, the error contribution is only 0.2 micron in a 2mm 
pitch Inductosyn. 

The IPA1764 with an output resistance of less than 3 ohms and 
a capability of driving a cable capacity of 10,000pF is totally 
suited to machine tool applications where the Inductosyn-to-digital 
converter is remote from the measuring Inductosyn. 

The IPA1764 is of hybrid manufacturing techniques, and available 
in two temperature range versions-industrial temperature range 
(0 to + 70°C) and extended temperature range ( — 55°C to 
+ 125°C). 

Both versions of the IPA1764 are housed in an 18-pin metal 
case. 

APPLICATION 

The diagram below shows a “hookup” with the preamplifier, 
power oscillator and a 1S60 with an Inductosyn. Precise application 
information is not possible as the Inductosyn in its application 
has many variables. 

Current Set Resistor 

This resistor is used to match the voltage output of the oscillator 
to the Inductosyn track resistance and provide the manufacturer’s 
recommended current. By variation of the voltage outputs and 
current resistance, track by this up to approximately 10 feet (3 
meters) can be accommodated. 

Decoupling 

The preamplifier and oscillator have internal high frequency 
decoupling capacitors on the supply lines, however, it is recom- 
mended that electrolytic decoupling capacitors are connected 
close to the hybrid pins. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


□ ANALOG 
DEVICES 

IPA1764 




- 

0.018 ±0.002 
(0.51) MAX 

—(-0.6 (15.24)— 



ORDERING INFORMATION 


IPA1764 X 60 B 

High Reliability Processing 

X = 5 0 to + 70°C 

Operating Temperature Range 


I X = 4 - 55°C to 4- 125°C 

Operating Temperature Range 


^Inductosyn is a registered trademark of Farrand Industries, Inc. 
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(typical @ +25°C over full range of power supply inputs unless otherwise noted) 


Model 

IPA1764/560 

IPA1764/460 

GAIN 

1250 ±5% 

★ 

GAIN MISMATCH 



Channel to Channel Over 

± 0.15% (equivalent 


Full Temperature Range 

to 2.5 arc mins) 

±0.3% 

PHASE SHIFT 

<5° 

★ 

PHASE MISMATCH 



Channel to Channel 

<1° 

★ 

CROSSTALK 

<0.1% 

★ 

OPERATING FREQUENCY 

10kHz 

★ 

INPUT RESISTANCE 

5kH ± 10% 

★ 

OUTPUT RESISTANCE 

<50 

★ 

MAX LOAD CAPACITY 

10j000pF 

★ 

MAX SIGNAL OUTPUT LEVEL 

3Vrms 

★ 

POWER SUPPLIES 



Voltage 

± 12V to ± 15V 

★ 

Current 

50mA max 

★ 

TEMPERATURE RANGE 



Operating 

Oto + 70°C 

- — -- - - -- -- — - - 

-55°Cto + 125°C 

SIZE 

0.775" x 0.975" x 0. 175" 

(19.7mm x 24.8mm x 4.5mm) 

★ 

WEIGHT 

0.25 ozs (7 grams) 

★ 


NOTES 

* Specification same as IPA1764/560. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 


SUPPLY GROUND 

Sin and Cos I/P + V 

+ V Pin . + 17V 

— V Pin -17V 

Sin and Cos O/P lk Load + 10V 


Indefinite Short Circuit Proof 



DIGITAL WORD REPRESENTING POSITION WITHIN ONE INDUCTOSYN PITCH 


Use of 1S20 with Inductosyn Preamplifier I PA 1764, Hybrid 
Power Oscillator OSC1758 
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ANALOG 

DEVICES 


Hybrid Power Oscillator 
0SC1758 


FEATURES 

Full Military Temperature Range 
Hybrid Construction 
18-Pin DIL Package 
O-IOkHz Frequency Range 
In-Phase and Quadrature Outputs 

APPLICATIONS 

Synchro Resolver, and Inductosyn® Excitation 
LVDT Drive 


OSC1758 FUNCTIONAL BLOCK DIAGRAM 



-15V OV + 15V 


GENERAL DESCRIPTION 

The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts, over 0 to 
10kHz. 

The device comprises two independent parts-an oscillator and a 
power amplifier. 

The oscillator stage has two signal outputs, one 90° in phase 
advance with respect to the other. 

The oscillator frequency is programmable in the range of 0 to 
10kHz by two identical external capacitors. 

The power amplifier stage is externally short circuit protected 
and has a gain of 2.8 ±1%. The maximum output current this 
stage can produce is 215mA rms (at 7V rms). 

Connecting either of the oscillator stage outputs to the power 
amplifier input, using an external link, will give a nominal 
output of 7 volts rms. Lower voltages can be obtained by connecting 
an external resistor in series with the amplifier’s inputs. 

The OSC1758 is housed in an hermetically-sealed 18-pin DIL 
metal case, and operates over full military temperature range 
( - 55°C to + 125°C), as well as the industrial (0 to + 70°C) 
temperature range. 

MODELS AVAILABLE 

The OSC1758 is available in both industrial and military tem- 
perature ranges. For details of how to specify the required part, 
see “Ordering Information”. 

CONNECTING THE OSC1758 

The block diagram shows the output configuration, when using 
the power amplifier stage. If only the oscillator stage is required, 
the connection between pin 3 and pin 7 is not included. 

The frequency of oscillation for the OSC1758 in the block diagram 
is determined by the two identical capacitors Cl and C2. For 

This two-page data summary contains key specifications to speed your selec- 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 


the frequency required, the value of Cl and C2 should be calculated 
using the following equation. 


Cj. = C 2 = 


Fqsc x 10 5 


Farads 


Where Fqsc = Frequency of oscillation in Hz. 


For a reduced output a series resistor, R Sj must be added. 

For the required output voltage Rs should be calculated as 
follows: 


37.5 xlO 3 
Vqut (rms) 


5350 Ohms 


STABILITY 

To ensure stability of both frequency and voltage level outputs 
it is essential that good quality external capacitors are used, 
e.g., Silver Mica or Polystyrene. 

The tolerance quoted in the specification applies if high grade 
Silver Mica capacitors, with a temperature coefficient of less 
than 50ppm/°C, and a low loss factor, are used. 

POWER DISSIPATION 

The thermal dissipation characteristics for the OSC1758 are as 
follows: 

0 junction - case = 15°C/W 
0 junction - ambient = 40°C/W 
0 j (max) = 150°C. 

Total Power Dissipation = 

(Y supply x Isupply) - (Vout x Iout x cosine 4>) 
where <J> = load phase angle 

NOTE: Although the power amplifier stage has internal short 
circuit protection, a heat sink should be employed for protection 
against continuous short circuit conditions. 


Inductosyn® is a registered trademark of Farrand Industries, Inc. 
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(typical @ +25°C with ± 15V power supplies unless otherwise noted) 


Model 

OSC1758/500 

OSCI758/400 

FREQUENCY RANGE 

0-10kHz 

★ 

FREQUENCY STABILITY 1 - 2 

±5% 

★ 

REFERENCE 1 OUTPUT 1 

2.5V rms ± 5% @ 3mA rms 

★ 

REFERENCE 2 OUTPUT 1 

2.5V rms ± 5% @ 3mA rms 

90° Phase Advanced with Respect to 

Ref. 1 Output 

★ 

AMPLIFIER OUTPUT 3 

7V rms @ 215mA max 

★ 

CAPACITIVE LOAD 

lOnF (max) 

★ 

AMPLIFIER GAIN 1 

2.8 ± 1% 

★ 

AMPLIFIER INPUT RESISTANCE 

5.35kO ± 1% 

★ 

POWER DISSIPATION 

4.0 Watts (max) 

★ 

POWER SUPPLY 4 

± 15V 

60mA (max) No Load 

160mA (max) Full Load 

★ 

★ 

TEMPERATURE RANGE 

Operating 

Storage 

0 to + 70°C 
-65°Cto + 150°C 

- 55°C to + 125°C 
★ 

SIZE 

0.975" x 0.775" x 0.175" 

(24.8mm x 19.7mm x 4.5mm) 

★ 

WEIGHT 

0.25 ozs. 

7 grams 

★ 


NOTES 

^ver full operating temperature range. 

2 See section on “Stability”. 

3 Derated to 5V rms @ 215mA if using ± 12 volt power supply. 

4 Will operate with ± 12 volt power supply with derated output voltage. 

*Specifications same as OSC1758/500 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 


+ V S -0.3V to + 18V 

-V s + 0.3V to -18V 


ORDERING INFORMATION 

OSC1758 X 00 B 

High Reliability Processing 

X = 5 0 to + 70°C 

Operating Temperature Range 

X = 4 - 55°C to 4- 125°C 

Operating Temperature Range 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm) 


□ BBSS 

OSC1758 
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□ ANALOG 
DEVICES 


12- and 14-Bit Hybrid Synchro/ 
Resolver-to-Digital Converters 


SDC/RDC1 740/1 741 /1 742 


FEATURES 

Internal Isolating Transformers 

Military Temperature Range 

Three Accuracy Options 

14-Bit or 12-Bit Resolution 

High, Continuous Tracking Rate 

32-Pin Welded Metal Package 

Hermetically Sealed 

Ratiometric Conversion 

Laser Trimmed - No External Adjustment 

Three-State Latched Outputs 

APPLICATIONS 

Flight Instrumentation Systems 
Military Servo Control Systems 
Artillery Fire Control Systems 
Avionic Systems 
Antenna Monitoring 
Robotics 

Engine Controllers 
Coordinate Conversion 
Axis Transformation 
CNC Machine Tooling 
Process Control 

GENERAL DESCRIPTION 

The SDC/RDC1740/1741/1742 are hybrid 14- or 12-bit continu- 
ous tracking synchro or resolver to digital converters contained 
in 32-pin welded metal packages. In the core of this hybrid the 
conversion process is performed by a monolithic IC manufac- 
tured in Analog Devices proprietary BiMOS II process that 
combines the advantages of CMOS logic and bipolar high accu- 
racy linear circuits on the same chip. Internal isolating micro- 
transformers are used to provide true isolation of the signal and 
reference inputs. The 14- or 12-bit digital word is in a three- 
state digita l form available in two bytes. Using separate 
ENABLE inputs for the most significant 8 bits and the least 
significant 6 or 4 bits not only simplifies multiplexing of more 
than one d evice onto a single data bus, but also enables the 
INHIBIT input to be used without interrupting the operation of 
the tracking loop. The converters are hermetically sealed in a 
32-pin welded metal package. 


SDC/RDC 1740/1741/1742 FUNCTIONAL BLOCK DIAGRAM 



MODELS AVAILABLE 

The three synchro/resolver-to-digital converters described in this 
data sheet differ primarily in the areas of resolution, accuracy 
and dynamic performance as follows: 

Model SDC1740XYZ is a 14-bit converter with an overall accu- 
racy of ±5.3 arc minutes and a resolution of 1.3 arc minutes. 

Model SDC1741XYZ is a 12-bit converter with an overall accu- 
racy of ±15.3 arc minutes and a resolution of 5.3 arc minutes. 

Model SDC1742XYZ is a 12-bit converter with an overall accu- 
racy of ±8.5 arc minutes and a resolution of 5.3 arc minutes. 

Each model has two operating temperature range versions, those 
covering the industrial temperature range (0 to +70°C) and the 
military temperature range (-55°C to +125°C). The XYZ code 
defines the option as follows: (X) signifies the operating temper- 
ature range, (Y) signifies the reference frequency, (Z) signifies 
the signal and reference voltage whether it will accept synchro 
or resolver format. To ensure a high level of reliability each con- 
verter receives stringent precap visual inspection, environmental 
screening and final electrical test. 

Military temperature range devices and those processed to high 
reliability screening standards (suffix B) receive further levels of 
testing and screening to ensure high levels of reliability. More 
information about the option codes is given under the heading 
Ordering Information. 
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(typical at 25°C unless otherwise specified) 


Parameter 

SDC/RDC1740 

SDC/RDCI741 

SDC/RDC1742 

Units 

Comments 

Notes 

CONVERTER PERFORMANCE 







Accuracy 

±5.3 max 

±15.3 max 

±8.5 max 

arc min 


1,3 

Tracking Rate 

27 min 

18 min 

★* 

rev/s 


4 

Resolution 

14 

12 

★* 

Bits 

Output Coding Parallel 



(1 LSB= 1.3 

(1LSB = 5.3 

*★ 


Natural Binary 



arc min) 

arc min) 





Signal & Reference Frequency 

400 

★ 

★ 

Hz 

Option X1Z 



2.6 

★ 

★ 

kHz 

Option X4Z 


Repeatability of Position Output 

1 

* 

★ 

LSB 


4 

Bandwidth 

130 

150 

★★ 

Hz 


4 

SIGNAL INPUT IMPEDANCE 







90V Signal 

200 

* 

* 

kH 

Resistive Tolerance ±2% 

4 

26V Signal 

57.7 

★ 

★ 

kO 


4 

11.8V Signal 

26 

★ 

★ 

kH 


4 

REFERENCE INPUTS 







Reference Voltage 

11.8, 26, 115 

★ 

* 

V rms 

See Ordering 


Reference Impedance 





Information 


115 V Ref 

120 

* 

★ 

kO 

Resistive Tolerance ±5% 

4 

26V Ref 

27 

★ 

★ 

m 


4 

11.8V Ref 

12.3 

★ 

★ 

kO 


4 

ACCELERATION CONSTANT 

56000 

80000 

★* 

sec -2 

Symbol K a 

4 

LARGE STEP RESPONSE 

85 typ 

60 typ 

★* 

ms 

179° Step for Settling to 

1, 3 


100 max 

75 max 

** 

ms 

1 LSB of Error 


POWER LINES 







+V S = + 15V 

28 typ 35 max 

★ 

* 

mA 

Quiescent Condition 

1, 3 

-V S =-15V 

28 typ 35 max 

★ 

* 

mA 

Quiescent Condition 

1,3 

V l =+5V 

35 typ 56 max 

★ 

★ 

mA 

Quiescent Condition 

1, 3 

Power Dissipation 

1 .4 max 

★ 

★ 

W 



DIGITAL INPUTS (INHIBIT, 







ENABLE L, ENABLE M) 







V (Input High) 

2 min 

★ 

★ 

Vdc 

V L = +5V 

1, 3 

V (Input Low) 

0.7 max 

★ 

★ 

Vdc 

V l = + 5V 

1, 3 

I (Input High) 

20 max 

★ 

★ 

|jlA 

V ih =2.4V 

1, 3 

I (Input Low) 

-400 max 

* 

★ 

|xA 

V il =0.4V 

1, 3 

ENABLE AND DISABLE TIME 

80 max 

★ 

★ 

ns 


2, 4 

INHIBIT 







Sense 

Logic Low 

★ 

* 





to INHIBIT 

★ 

★ 




Time to Data Stable (after 







Negative-Going Edge 







of INHIBIT) 

640 max 

★ 

★ 

ns 


4 

BUSY OUTPUT 







Sense 

Active Logic High when converter position output changing. 



Timing 

Positive going edge 50ns before change in position output. 



Width 








400 typ 

★ 

★ 

ns 


1, 3 


200 min 

★ 

★ 

ns 


1,3 


600 max 

* 

* 

ns 


1,3 

Load 

2 min 

* 

* 

TTL 


4 

DIGITAL OUTPUTS 







Voltage Levels 







Logic High 

2.4 min 

* 

★ 

Vdc 

V l = + 5V, 

1, 3 






i 

I 

i 

ii 

X 

M 0 


Logic Low 

0.4 max 

* 

★ 

Vdc 

V l = + 5V 

1, 3 






Io L =9.6mA 


Load 

6 max 

★ 

* 

TTL 
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SDC/RDC1 740/1 741/1 742 


Parameter 

SDC/RDC1740 

SDC/RDC1741 

SDC/RDC1742 

Units 

Comments 

Notes 

OPERATING 

■ ■ 






TEMPERATURE RANGE 

■ 






Option 5YZ 


★ 

* 

°C 



Option 4YZ 


★ 

★ 

°C 



DIMENSIONS 

WkiMMMMM 

* 

★ 

Inch 

See Package 

4 


(44.2x28.9x7.1) 

★ 

★ 

mm 

Information 


WEIGHT 

0.86 max 

★ 

★ 



4 


25 max 

★ 

★ 





NOTES 

‘Specified over the appropriate operating temperature range and for: (a) ±10% signal and reference amplitude variation; (b) ±10% signal and reference 
harmonic dis tortion; (c) ±5% power supply variation; (d) ±10% variation in reference frequency. 

2 ENABLE M enables most significant 8 bits. 

ENABLE L enables least significant 4 bits (or 6 bits for SDC/RDC1740). 

3 100% tested at nominal values of power supplies, input signal voltages and operating frequency. 

4 Guaranteed by design. 

^Specifications same as SDC/RDC1740. 

^Specifications same as SDC/RDC1741 . 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


-HVs 1 to GND + 17.25V dc 

-V s toGND - 17.25V dc 

+V L 2 to GND .+7V dc 

Reference Input HI to GND ±350V dc 

Reference Input LO to GND ± 350V dc 

Common Mode Range 175V rms 

SI, S2, S3, S4 to GND ±350V dc 

Any Logical Input to GND -0.4V to +V L 

Case to GND f .±20V dc 

Storage Temperature Range -65°C to + 150°C 

CAUTION: 


‘Correct polarity voltages must be maintained on the +V S and -V s pins. 
2 The +5V power supply must never go below GND potential. 

NOTE 

Absolute maximum ratings are those values beyond which damage to the 
device may occur. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


□ ANALOG 
DEVICES 

MEMORY DEVICES DIVN. 
MADE IN ENGLAND 

SDC/RDC 1740 


( OPTION [ ] 

■ 

:0.010 \ pin -I IDENTIFIER 
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PIN CONFIGURATION 


PIN FUNCTION DESCRIPTION 


(MSB) BIT 1 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 
BIT 8 
BIT 9 
BIT 10 


SEE NOTE 2 


BIT 11 
BIT 12 
BIT 13 
BIT 14 


I/P REFERENCE LO 


I/P REFERENCE HI 


© 


@ 

+V L 

© 


© 

~Vs 

© 


© 

0V GND 

© 


© 

+V S 

© 


© 

INHIBP 

© 

0 


© 

© 

BUSY 


ENABLE M 

© 

SDC/RDC 

1740/1741/1742 

© 

ENABLE L 

© 

TOP VIEW 
(Not to Scale) 

© 

N/C 

© 


© 

CASE 

© 


© 

N/C 

© 


© 

N/C 

® 


© 

SI 

© 



S2 

V ! V 


© 

S3 

© 


© 

SEE NOTE 1 


NOTE 1. FOR THE RESOLVER OPTION PIN 17 IS S4. 
FOR THE SYNCHRO OPTION PIN 17 IS 
NOT CONNECTED. 

NOTE 2. FOR THE 1741 AND 1742 PINS 13 AND 14 
ARE NOT CONNECTED. 


Bit Number 

Weight in Degrees 

1 (MSB) 

180.0000 

2 

90.0000 

3 

45.0000 

4 

22.5000 

5 

11.2500 

6 

5.6250 

7 

2.8125 

8 

1.4063 

9 

0.7031 

10 

0.3516 

11 


12 (LSB for 1741/1742) 


13 


14 (LSB for 1740) 



Table I. Bit Weight Table 


Pin 

Mnemonic 

Description 

1-14 

Bit 1-14 (1740) 

Parallel output data bits. 

1-12 

Bit 1-12 (1741/1742) 


15 

REF LO 

Input pins for the reference signal. 

16 

REF HI 


17 

S4 OR N/C 

S4 signal input for Resolver 
option. N/C for Synchro option. 

18 

S3 


19 

S2 

Synchro/Resolver input signals. 

20 

SI 


21 

N/C 

No Connection. 

22 

N/C 

No Connection. 

23 

CASE 

Should be connected to 0V GND. 

24 

N/C 

No Connection. 

25 

ENABLE L 

ENABLE L enables the 6 or 4 
least significant bits. 

26 

! 

i 

ENABLE M 

ENABLE M enables the 8 most 
significant bits. 

Logic High sets the output data 
bits to a high impedance state; a 
Logic Low presents the data in the 
latches to the output pins. 

27 

BUSY 

Converter busy. A Logic High 
output indicates that the output 
latches are being updated and 
data should not be transferred. 

28 

INHIBIT 

Logic Low inhibits the data 
transfer from the counter to the 
output latches. 

29 

+v s 

Main positive power supply. 

30 

0V GND 

Power supply ground. 

31 

-V s 

Main negative power supply. 

32 

+v L 

Logic power supply. 
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SDC/RDC1 740/1 741/1 742 



Figure 1. Functional Diagram of the SDC/RDC1 740/1 741/1 742 


THEORY OF OPERATION 

In the synchro-to-digital converter configuration, the 3-wire syn- 
chro output should be connected to SI, S2 and S3 on the unit 
and the Scott T transformer pair will convert these signals into 
resolver format, i.e., 

Vi = K E 0 sin o)t sin 6 (SIN) 

V 2 = K E q sin a>t cos 6 (COS) 

where 0 is the angle of the synchro shaft. 

In the resolver-to-digital converter configuration, the 4-wire 
resolver output should be connected to SI, S2, S3 and S4 on the 
unit and the transformers will act purely as isolators. 

To understand the conversion process, then assume that the cur- 
rent word state of the up-down counter is 4>. 

V\ is multiplied by COScJ> and V 2 is multiplied by SIN4> to give: 

K E 0 sin cot sin 0 cos 4> 
and K E 0 sin cot cos 0 sin c{). 

These signals are subtracted by the error amplifier to give: 

K E 0 sin tot (sin 0 cos <}) -cos 0 sin <f>) 
or K E 0 sin tot sin (0 — cf>)- 

A phase sensitive detector, integrator and voltage controlled 
oscillator (VCO) form a closed loop system which seeks to null 
sin (0-<J>). The digital output (counter <j>), then represents the 
synchro/resolver shaft angle 0 within the specified accuracy of 
the converter. 


INH IBIT INP UT 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interru pt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a busy pulse to refresh the 
output data. 


EN ABLE INP UTS 

The ENABLE inputs determine the state of the output data. A 
Logic High maintains the output data pins in the high imped- 
ance condition, and application of a Logic Low presents the 
data in the latches to the out put pins. ENA BLE M enables the 
most significant 8 bits, while ENABLE L, enables the least sig- 
nifi cant 4 bits (6 bits in the SDC/RDC1740). The operation of 
the ENABLE inputs has no effect on the conversion process. 

DATA TRANSFER 

Data transfer can be accomplished using either the INHIBIT 
input or the trailing edge, positive to negative transition of the 
BUSY pulse output. 

The d ata will be valid 640ns after the application of a Logic Lo 
to the INH IBIT input. This is regardless of the time when the 
INHIBIT is applied and allows time for an active busy pulse to 
clear. By using the ENABLE M and ENABLE L inputs the 
two bytes of data can be transferred after which the INHIBIT 
should be returned to a Logic Hi state to enable the output 
latches to be updated. 


MAX DEPENDS ON 


BUSY j 

600ns MAX I INPUT RATE 


m 200ns MIN 1 


1 

50ns _ 
MIN H 

200ns 

MAX 

h- 

— 


DATA VALID VALID VALID 

Figure 2. Timing Diagram 
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BUSY OUTPUT 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL levels. A BUSY is initiated each time the input moves by 
an analog equivalent of an LSB and the intern al counter is 
incremented or decremented or the INHIBIT input is released. 

Typically the width of the BUSY pulse is 400ns during the posi- 
tion data output updates. The trailing edge, positive to negative 
transition, of the BUSY pulse indicates that the position data 
output has been updated and is ready for transfer (data valid). 
The maximum load on the BUSY output using the trailing edge 
of the BUSY pulse is 2 TTL loads. 

CONNECTING THE CONVERTER 

The power supply voltages connected to +V S and -V s pins 
should be ±15V and must not be reversed. The digital logic 
supply V L is connected to + 5V. 

It is suggested that a parallel combination of a 0. ljxF ceramic 
and a 6.8 jjuF electrolytic capacitor is placed from each of the 
three supply pins to GNU . 

The pin marked CASE is connected electrically to the case 
and should be taken to a convenient zero volt potential in the 
system. 

The digital output is taken from Pin 1 through to Pin 12 for 
the SDC/RDC1741/1742 and Pin 1 through to Pin 14 for the 
SDC/RDC1740 where Pin 1 is the MSB. 

The reference connections are made to REF HI and REF LO. 

In the case of a synchro, the signals are connected to SI, S2 and 
S3 according to the following convention: 

Esi-s3 = Erlo-rhi s ^ n s ^ n 8 
^S3-S2 = Rrlo-rhi s i n s i n (6 + 120°) 

Es 2 -si = Eri q. RH i sin tot sin (0+240°) 

For a resolver, the signals are connected to SI, S2, S3 and S4 
according to the following convention: 

Esi-s 3 = Erl 0 -r HI sin cot sin 0 
Es2-s4 = Erhi-ri.o s i n cos 6 

The BUSY, INHIBIT and ENABLE pins should be connected 
as described under the heading Data Transfer. 

RESISTIVE SCALING OF INPUTS 

A feature of these converters is that the signal and reference 
inputs can be resistively scaled to accommodate any change of 
input signal and reference voltages. 

This means that a standard converter can be used with a person- 
ality card in systems where a wide range of input and reference 
voltages are encountered. 

Note: The accuracy of the converter will be affected by the 
matching accuracies of resistors used for external scaling. 

To calculate the values of the external scaling resistors in the 
case of a synchro converter, add 1.1 IkO per extra volt of signal 
in series with SI, S2 and S3 and lkfi per extra volt of reference 


in series with RHI. In the case of a resolver-to-digital converter, 
add 2.22kfi in series with SI and S2 per extra volt of signal and 
lkfl per extra volt of reference in series with RHI. 

DYNAMIC PERFORMANCE 

The transfer function of the converter is given below. 



Figure 3. Transfer Function of 
SDC/RDC1 740/1 74 1/1 742 


Open loop gain: 

0QUT _ Ka . 1 + ST] 
0IN S^ 1 + 512 


Closed loop gain: 


6 OUT 

0in 


1 + STi 


1 + STi + 


S 2 

k: + 


"s T 
"KT 


Model SDC/RDC1740 

Where K a =56,000 
Tl=0.01 
T2=0. 001525 

The gain and phase diagrams are shown in Figures 4 and 5. 
Model SDC/RDC1741/1742 

Where K a =80,000 
T1 =0.0087 
T2=0. 001569 

The gain and phase diagrams are shown in Figures 6 and 7. 

ACCELERATION ERROR 

A tracking converter employing a type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant K a of the converter. 

Tr Input Acceleration 
Error in Output Angle 

The numerator and denominator have the same units. K a does 
not define maximum acceleration, only the error due to accelera- 
tion, maximum acceleration is in the region of 5 times the K a 
figure. The following is an example using the K a of the 
SDC1740. 

Acceleration of 50 revolutions sec -2 with K a = 56000 
50x16384 

Error in LSBs = — rawj — = 14.62LSBs 
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PHASE - Degrees 


3 



12.5 25 50 100 200 


FREQUENCY - Hz 


Figure 4. SDC/RDC1740 Gain Plot 



12.5 25 50 100 200 

FREQUENCY - Hz 

Figure 5. SDC/RDC1740 Phase Plot 



25 40 55 70 85 100 125 

TEMPERATURE - °C 

Figure 8. SDC/RDC1 740/41/42 MTBF Curve 


PHASE - Degrees GAIN - dB 


SDC/RDC1 740/1 741/1 742 



12.5 25 50 100 200 

FREQUENCY - Hz 

Figure 6. SDC/RDC1 741/1 742 Gain Plot 



FREQUENCY - Hz 

Figure 7. SDC/RDC1 741/1 742 Phase Plot 


RELIABILITY 

The reliability of these products is very high due to the exten- 
sive use of custom chip circuits that decrease the active compo- 
nent count. Calculations of the MTBF figure under various 
environmental conditions are available on request. 

As an example of the Mean Time Between Failures (MTBF) 
calculated according to MIL-HDBK-217E, Figure 8 shows the 
MTBF in years versus case temperature in naval sheltered con- 
ditions for S DC/R DC 1 7 40/4 1 /42 . 
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STANDARD PROCESSING (5YZ OPTION) 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 

Process Conditions 

1. Preseal Burn In 64 hrs at +125°C 

2. Precap Visual Inspection In-house criteria 

3. Seal Test, Fine and Gross In-house criteria 

4. Final Electrical Test Performed at +25°C 

Extended temperature range versions receive additional 
processing as follows: 

Final Electrical Test Performed at max and min 

operating temperatures 


PROCESSING FOR HIGH RELIABILITY 


Process 

1. Preseal Burn In 

2. Precap Visual Inspection 

3. Temperature Cycling 

4. Constant Acceleration 

5. Interim Electrical Tests 

6. Operating Burn In 

7. Seal Test, Fine and Gross 

8. Final Electrical Testing 
(Group A) 

9. External Visual Inspection 


Conditions 

64 hrs at +125°C 
2017 

10 Cycles, -65°C to +150°C 
5000G, Y1 Plane 


y\j uuuxo 

1014 

Performed at T, 
2009 


min 3 A ambient 


NOTE 

Test and screening data can be supplied. Further information on request. 


OTHER PRODUCTS 

Many other hybrid products concerned with the conversion of 
synchro data are manufactured by Analog Devices, some of 
which are listed below. If you have any questions about our 
products or require advice about their use for a particular appli- 
cation, please contact our Applications Engineering Department. 

The SDC/RDC1767 and SDC/RDC1768 are hybrid synchro- 
to-digital converters with isolating microtransformers similar 
to the SDC/RDC 1740/41/42 described on this data sheet with 
the additional features of analog velocity output and dc error 
output. 

The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts, over a frequency 
range of 0 to 10kHz. 

The DRC1745 and DRC1746 are 14- and 16-bit natural binary 
latched output hybrid digital-to-resolver converters. The accura- 
cies available are ±2 and ±4 arc mins, and the outputs can sup- 
ply 2VA at 7V rms. 


ORDERING INFORMATION 

For full definition, the converter part number should be suf- 
fixed by an option code. All the standard options and their 
option codes are shown below. For options not shown, please 
consult Analog Devices. 


SDC 174A X 


SDC=Synchro-to-Digital Converter 
RDC= Resolver- to- Digital Converter 


1740= 14-Bit Resolution, ±5.3 arc min Accuracy 

1741 = 12-Bit Resolution, ±15.3 arc min Accuracy ' 

1742= 12-Bit Resolution, ±8.5 arc min Accuracy 


Z B 


High-Rel Processing 


Z=1 

Signal 

11.8V 

Reference 

26V 

Synchro 

Z=2 

Signal 

90V 

Reference 

115V 

Synchro 

Z=3 

Signal 

11.8V 

Reference 

11.8V 

Resolver 

Z=4 

Signal 

26V 

Reference 

26V 

Resolver 

Z=8 

Signal 

11.8V 

Reference 

26V 

Resolver 


Y = 1 400Hz Reference Frequency 
Y=4 2.6kHz Reference Frequency 


X=4 -55°C to +125°C Operating Temperature Range 
X=5 0 to +70°C Operating Temperature Range 
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ANALOG 

DEVICES 


Tachogenerator Output, Hybrid 
Reso Ive r-to-Digital Converters 


1 S14/1 S24/1 S44/1S64 


FEATURES 
40-Pin Hybrid 

Tachogenerator Velocity Output 
DC Error Output 
Sub LSB Output 
Angle Offset Input 

Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPLICATIONS 

Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics 

Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 


GENERAL DESCRIPTION 

The 1SN4* are hybrid devices that convert standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features for multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically the input signals would be obtained from a brushless 
resolver and the resolver/converter combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric conversion principle of the 
1SN4 ensures high noise immunity and tolerance of lead length 
when the converter is at a distance from the resolver. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the converter is its internally generated 
tachogenerator velocity output offering a linear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the users chosen volts/rpm relationship. 

Repeatability is 1LSB under constant temperature conditions. 

Four resolutions are available all operating over a frequency 
range of 2kHz to 10kHz. 

1S14 is 10-bit up to 40,800 revolutions per minute. 

1S24 is 12-bit up to 10,200 revolutions per minute. 

1S44 is 14-bit up to 2,550 revolutions per minute. 

1S64 is 16-bit up to 630 revolutions per minute. 


1 S 14/1 S24/1S44/1 S64 FUNCTIONAL BLOCK DIAGRAM 


REF 



DIGITAL ANGLE <l> 


APPLICATIONS 

The 1SN4 has been specifically designed for motor position 
control for the numerically controlled machine and robot industry, 
using the type 2 servo loop tracking principle that ideally suits 
these converters to the electrically noisy environment found in 
these industrial applications. 

USER BENEFITS 

Allows both velocity and position measurement from a single, 
low cost, standard, brushless resolver. 

80dB dynamic range of velocity output. 

0.5% ripple on velocity signal. 

0.1% linearity of velocity signal. 

Cost effective tachogenerator replacement. 

Tracks at 5 to 10 times the rate of equivalent resolution 
encoders. 

Analog output for interpolation between digital codes. 

Direction and Ripple Clock (Datum) outputs facilitate revolution 
counting. 

Hybrid construction offering small size and MTBF of >200 
years at 50°C GB. 


*N is 1, 2, 4 or 6 depending upon resolution of model. 
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Qprpir.p AT IAIIQ (typical for both commercial (5Y0) and extended (4Y0) temperature range options @ 25°C and 
vl CO III vH 1 1 y 110 ± 15V or ± 12V power supplies, unless otherwise noted) 


Models 

Parameters 

IS 14 

1S24 

1S44 

1S64 

Units 

RESOLVER INPUTS 






Signal Voltage 

2.0 ±5% 

* 

★ 

★ 

V rms 

Reference Voltage 

2.0 +50%/ -20% 

* 

* 

★ 

Vrms 

Signal & Reference Frequency 

2k-10k 

* 

★ 

Hr 

Hz 

Signal Input Impedance 

10(min) 

★ 

* 

* 

MCI 

Reference Input Impedance 

125 

* 

* 

★ 

k Cl 

Allowable Phase Shift 






(Signal to Reference) 

±10 

* 

★ 

★ 

Degrees 

POSITION OUTPUT 






Resolution 

10 

12 

14 

16 

Bits 

1LSB 

0.35 

0.088 

0.022 

0.0055 

Degrees 

Accuracy (max error 5Y0 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±4.0(0.07) 

Arc-mins (degrees) 

over temp, range) 

±0.12 

±0.04 

±0.025 

±0.019 

%F.S. 

4Y0 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±2.6(0.04) 

Arc-mins (degrees) 


±0.012 

±0.04 

±0.025 

±0.012 

%F.S. 

Digital Position Output Format 

Parallel natural binary 

* 

* 

Hr 


Load 

6 (max) 

* 

★ 

★ 

LSTTL 

Monotonicity 

Guaranteed 

it 

Hr 

★ 


Repeatability 

1 

* 

* 

* 

LSB 

DATA TRANSFER 






Busy Output 

Logic “Hi” when Busy 

★ 

★ 

★ 


Load 

6 (max) 

★ 

Hr 

★ 

LSTTL 

Busy Width 

380 (min) 530 (max) 

★ 

* 

* 

ns 

ENABLE Inputs 

Logic “Lo” to Enable 

★ 

* 

★ 


Load 

1 

ic 

★ 

★ 

LSTTL 

Enable & Disable Times 

250 (max) 

* 

★ 

* 

ns 

INHIBIT Input 

Logic “Lo” to Inhibit 

★ 

* 

it 


Load 

1 

* 

* 

* 

LSTTL 

Direction Output (DIR) 

Logic “Hi” when counting up, 






Logic “Lo” when counting down. 

* 

★ 

* 


Load 

6 (max) 

it 

★ 

★ 

LSTTL 

Ripple Clock (RC) 

Negative pulse indicating when 






internal counters change from all 






“l*s” to all “0’s” or vice versa. 

it 

it 

* 


Load 

6 (max) 

★ 

Hr 

Hr 

LSTTL 

Width 

lp.(max) 850n(min) 

* 

* 

Hr 

Secs 

DYNAMIC CHARACTERISTICS 






Tracking Rate (min) 






with ± 15V supplies 

40,800 

10,200 

2,550 

630 

rpm 

with ± 12 V supplies 

34,680 

8,670 

2,168 

536 

rpm 

Acceleration Constant 






Ka 

220,000 

★ 

★ 

* 

Sec" 2 

Settling time (179° step input) 

25 (max) 

35 (max) 

60 (max) 

120 (max) 

ms 

Bandwidth 

230 

* 

★ 

★ 

Hz 

VELOCITY OUTPUT 






Polarity 

Positive for increasing angle 

* 

* 

it 


Tachogenerator Voltage Scaling 

0.25 

1 

4 

16 

V/Krpm 

Scale Factor Accuracy 

± 1 (max) 

it 

★ 

* 

% of output 

Scale Factor Tempco 

200 (max) 

Hr 

* 

★ 

ppm/°C 

Reversion Error 

± 0.2 (max) 

* 

★ 

* 

% 

Reversion Error Tempco 

50 (max) 

* 

* 

Hr 

ppm/°C 

Linearity 

0.1 

★ 

* 

★ 

% of output 

Over full temp range 

0.25 (max) 

* 

Hr 

Hr 

% of output 

Ripple and Noise 






Steady State @ 10kHz (200Hz b/w) 

100 

150 

300 

1300 

pV rms 

Dynamic Ripple (av-pk) 

0.5 (max) 

★ 

Hr 

* 

% of output 

Zero Offset 

±500 

* 

★ 

★ 

M-V 

Zero Offset Tempco 

50 (max) 

* 

Hr 

* 

HV/°C 

Output Load 

5 (min) 

★ 

it 

it 

kn 


5-28 SYNCHRO & RESOLVER CONVERTERS 









1 SI 4/1 S24/1 S44/1 S64 


Models 

Parameters 

1S14 

1S24 

1S44 

IS64 

Units 

SPECIAL FUNCTIONS 

DC Error Output Voltage 

450 

★ 

* 

★ 

mV/degree 

Inter LSB Output 

± 1 ( ± 20%) 

* 

★ 

* 

V/LSB 

Load 

1 (min) 

★ 

★ 

* 

kH 

Angle Offset Input (over 
operating temperature range) 

320 (±10%) 

★ 

★ 

* 

nA/LSB 

Maximum Input 

32 

★ 

* 

★ 

LSB 

POWER REQUIREMENTS 

Power Supplies 

±V S 

± 15 ( ± 5%) or ± 12 ( ± 5%) 

★ 

* 

★ 

V dc 

+ 5V 

+ 4.75 to +5.25 

★ 

★ 

★ 

V dc 

Power Supply Consumption 

±V S 

30 (max) 

* 

★ 

★ 

mA 

+ 5V 

125 (max) 

* 

★ 

★ 

mA 

Power Dissipation 

1.5 (max) 

* 

★ 

* 

W 

TEMPERATURE RANGE 

Operating 5 Y0 option 

0 to + 70 

★ 

★ 

★ 

°C 

4Y0 option 

-55 to +125 

★ 

★ 

★ 

°c 

Storage 5 Y0 option 

-55 to + 125 

★ 

★ 

* 

°c 

4 Y0 option 

-60 to + 150 

★ 

* 

* 

°c 

DIMENSIONS 

5 Y0 option 

2.1" x 1 . 1" x 0. 195(5.3 x 28 x 4.95) 

★ 

★ 

* 

Inches (mm) 

4Y0 option 

2. 14" x 1 . 14" x 0. 1 8(54.4 x 29 x 4.6) 

* 

* 

★ 

Inches (mm) 

WEIGHT 

1(28) 

★ 

★ 

★ 

oz. (grins) 


NOTES 

*Specificationssameas 1S14. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ VS 1 

-Vs 1 

+ 5V 2 

Reference . . .. 

Sine 

Cosine 

Any Logical Input 


. . OV to + 17V dc 
. . OV to - 17V dc 
. . OVto +6.0V dc 

± 17V dc 

± 17V dc 

± 17V dc 

-0.4V to +5.5V dc 


CAUTION: 

1. Correct polarity voltages must be maintained on the +V$ and 
-V s pins. 

2. The + 5 volt power supply must never go below GND 
potential. 
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OPERATION OF THE CONVERTER 

The 1SN4 are tracking converters, this means that the output 
automatically follows the input for speeds up to the maximum 
tracking rate for the resolution option. No convert command is 
necessary as the conversion is initiated by each LSB increment 
for the input. Each LSB increment of the converter initiates a 
BUSY pulse. 

POSITION OUTPUT 

The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. 

The static angular accuracy quoted for each converter type is 
the worst case error that can occur over the full operating tem- 
perature range with the following input conditions: 

a) Signal input amplitudes within 5% of the nominal values. 

b) Signal and reference frequency within the specified operating 
range. 

c) Phase shift between signal and reference less than 10 degrees. 

d) Signal and reference waveform harmonic distortion less than 
10 percent. 

These test conditions are selected primarily to establish a repeatable 
acceptance test procedure which can be traced to national stan- 
dards. In practice the converters can be used well outside these 
operating conditions providing the following points are 
observed: 

Signal Amplitude (Sine and Cosine Inputs) 

The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the analog outputs and inputs of the converter such as velocity, 
inter LSB position and angle offset. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value, the angular error 
will increase to an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 
response will also change, since the factor Ka is proportional to 
signal level. 


Signal and Reference Frequency 

Any frequency within the specified range of the converter may 
be used. It should be noted that the same frequency must be 
used on both inputs. 

Reference Voltage Level 

The amplitude of the reference signal applied to the converter’s 
input is very uncritical, however it is essential that the zero 
crossing points are maintained in the correct place to drive the 
converter’s phase sensitive detector. 

Harmonic Distortion 

The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square and triangle waveforms can be used but the input levels 
should be adjusted so that the average value after rectification is 
1.9 volts. (For example - a square wave should be 1.9V peak). 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

Phase Shift (Between Signal and Reference) 

See Section on “Dynamic Accuracy vs. Resolver Phase Shift'*. 

DATA TRANSFER 
BUSY Output: 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses of 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
counter is incremented or decremented. 

INH IBIT In put: 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore, does 
not interru pt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

Note: With the INHIBIT input pin in the “Hi” TTL state, 
data will be transferred automatically to the output latches. 


PIN CONNECTIONS 


12 

11 

10 

9 

8 

7 

6 


3 

2 

1 

ENL 
ENM 
GND 
+ 5V 
+ V S 
-V s 
N/C 
DCER 


O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 


BOTTOM VIEW 


13 

14 

15 

16 
N/C 
N/C 
INH 
BUSY 
Rext 
VEL 

ANGLE OFFSET 

GND REF 

INTER LSB 

RC 

DIR 

CASE 

REF 

AGNO 

SIN 

COS 


NOTES 

1. "R E *r" SHOULD BE CONNECTED TO "VEL" WHEN 
NO SCALING REQUIRED. 

2. CASE PIN CONNECTED ON 460 OPTION ONLY. 


ENA BLE Inpu ts: 

Two ENABLE input s are provide d, ENABLE M for the most 
significant 8-bits and ENAB LE L for the least significant re- 
mainder. These ENABLES determine the state of the output 
data. A TTL logic “Hi” maintains the output data pins in a 
high impedance condition, the application of a logic “Lo” presents 
the d ata in the la tches to the output pins. The operation of 
these ENABLES has no effect on the conversion process. 
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1 SI 4/1 S24/1 S44/1 S64 


Two methods are available for transferring data, by using the 
inputs and outputs described. 

One method is to transfer data when the BUSY is in a “Lo” 
state or clock th e data out on the trailing edge of the BUSY 
pulse. Both the INHIBIT and the ENABLES must be in their 
correct state of “Hi” and “Lo’s” respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be va lid one mi crosecond after the application of a logic 
“Lo” to th e INHIBIT. This is regardless of the time when the 
INHIBIT is applied. 

min = 936ns « 40,800rpm’ 



L, -J-, Ins max _l l. 

I H 800ns min H 
75ns 50ns 



NOTE: 
1. 1S14 


Figure 1. Timing Diagram 

RIPPLE CLOCK (RC) and DIRECTION (DIR) Outputs: 

As the digital output of the converter passes through the major 
carry, i.e. all “l’s” to all “0’s” or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

The DIRECTION (DIR) logic output indicates the direction of 
input rotation and this data is always valid in advance of the 

RIPPLE CLOCK pulse, and stays valid until the direction 
changes (see Timing Diagram - Figure 1). 

These two logic outputs are provided so that the user can count 
the input revolutions or pitches. An external extension counter 
is required. Figure 7 shows the application circuit which should 
be used to perform this counting function. 

Note: CMOS external counters can be used (see Figure 2) but it 
is not advisable as great care must be taken to keep stray capaci- 
tances low because of the high tracking rate of the converter. 

VELOCITY OUTPUT 

The tracking conversion technique produces an internal signal 
at the input to the voltage controlled oscillator (VCO) that is 
proportional to the rate of the input angle. In the 1SN4 series 
additional circuitry is included to linearize this signal, which is 
closely characterized, producing a high quality tachogenerator 
velocity output at the VELOCITY (VEL) pin. 

This analog tachogenerator velocity output is resistively scaled 
internally to give a full scale output of ± 10V dc at the specified 
tracking rate for the converter. 



Figure 2. CMOS External Counter 


However, a full scale output of ± 10V dc can be obtained for 
lower speeds by changing the gain of the internal scaling amplifier 
using only one external resistor. The external resistor, R E xt> 
should be connected between “R E xt” pin and the GND REF 
pin, and calculated using the following equation. 


Rext 


10 x A 
B-A 


kH 


Where A = required rps to be represented by ± 10V FS 
and B = specified rps for the converter. 

Note: A cannot be greater than B and for unity gain “VEL” 
and “Rext” pins should be linked (no external resistor 
required). 



When the external resistor facility is used to provide large mag- 
nifications there is an additional velocity output offset generated 
due to the inevitable common ground impedance inherent with 
a single ground connection point. While these offsets will still 
be in spec, they can be code dependent. They can be minimized 
by taking the external scaling resistor from “Rext” to GND 
REF instead of “GND”. This means that the velocity output 
will be unaffected by the varying current drawn from the + 5V 
supply as the digital output changes. 


Ripple and noise on the velocity signal consists of two components 
- steady state noise and dynamic noise. 


Steady state noise - this is internally generated noise produced 
by the converter’s circuitry and is the only noise signal present 
under static input conditions. 


Dynamic noise - this is the noise produced, in addition to steady 
state noise, under dynamic operating conditions. 


The two main components of the dynamic noise signal are due 
to the “non-zero” angular error of the resolver/converter combi- 
nation. The figures given in the specification are typical for a 
size 11, 7 arc-minutes, brushless resolver. 


It should be noted that when operating at low tracking rates it 
is critical to maintain the signal input voltage at its nominal 
value in order to keep the noise level on the velocity signal to an 
absolute minimum. The effect of variation in signal voltage at 
low tracking rates is to produce low energy spikes on the velocity 
output on the rising edge of the BUSY pulse. The amplitude of 
these spikes will be in the region of 30p,V per percent variation 
in signal input voltage level. 


Note: The velocity signal output and max tracking rate derates 
by 15% (max) for operation with ± 12 volt power supplies. 
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SPECIAL FUNCTIONS 

DC Error: The signal at the output of the phase sensitive detector 
is the input to the internal nulling loop and hence is proportional 
to the error between the input angle and the output digital 
angle. As the converters are a type 2 servo loop, this DC ERROR 
signal will increase if the output angle fails to track the input 
for any reason. It is therefore an indication that the input has 
exceeded the maximum tracking rate of the converter, or, due 
to some internal malfunction, the converter is unable to reach a 
null. By the use of two external comparators this voltage can be 
used as a “built in test”. 

INTER LSB Output: In order to overcome the “free play” 
inherent in a servo system using digitized position feedback, 
an analog output voltage is available representing the resolver 
shaft position within the least significant bit of the digital angle 
output. 

The output is therefore proportional to the inter LSB resolved 
position with a maximum output representing 1LSB. 



Figure 3 illustrates how the INTER LSB output compensates 
for the instances where, due to hysteresis, there is no change in 
the digital count output for 1LSB change in input angle. The 
sum of the digital count output and INTER LSB output equals 
the actual input angle. 

ANGLE OFFSET Input: A unique feature of the 1SN4 series 
of converter is their angle offset input which allows the user to 
electrically “rotate” the input shaft of the resolver. 

Injecting a current of 320nA into the angle offset input pin will 
offset the digital output of the converter by 1LSB relative to the 
angle defined by the resolver inputs. It is recommended that an 
offset equivalent to no greater than 30LSB’s be applied to this 
input. 


DYNAMIC PERFORMANCE 

The transfer function of the converter is given below. 


TACHOGENERATOR OUTPUT 



©OUT 


Positional Transfer Function: 
Gout KiK 2 1 + sTj 


'tn 


s 2 1 + sT 2 
'out _ 1 + sTj 

0IN 


Open Loop 


1 + sT > + K,K' 
where KiK 2 = K a 


1^2 


2LLl 

K,K, 


Closed Loop 


Tachogenerator Transfer Function: 


Tachogenerator Output 
0IN 


Kjd + sT,) 
s(l + sT 2 ) 


Open Loop 


Tachogenerator Output 
Gin 


s(l + sT;) 

K 2 (l +sT.) + Ij- + 


Closed Loop 
Where: Ki = 3.23 

K 2 = 68.2 x 10 3 
K„ = 220 x 10 3 
T i = 4.46ms 
T 2 = 0.21ms 

Refer: Figures 4 and 5 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 


Figure 5. Phase Plot 


DYNAMIC ACCURACY VS. RESOLVER PHASE SHIFT 

Under static operating conditions phase shift between signal and 
reference lines theoretically does not effect the converter’s static 
accuracy. 

However, when rotating, most resolvers, particularly those of 
the brushless type, exhibit a phase shift between the signal and 
the reference. This phase shift will give rise under dynamic 
conditions to an additional error defined by: 

Shaft Speed (RPS) x Phase Shift (PEGS) 

Reference Frequency 

For example, for a phase shift of 20°, a shaft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit an 
additional error of: 


20x22 

5000 


= 0.088° 


This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver. 
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Note: Capacitive and inductive crosstalk in the signal and reference 
leads and wiring can cause similar problems. 








^ DATA TRANSFER 



BITE OUTPUT 
(NOTE 6) 


NOTES 

1. GND, GND REF AND AGND ARE INTERNALLY CONNECTED. 

2. EACH SUPPLY SHOULD BE DECOUPLED WITH lOOnF CERAMIC CAPACITOR 
IN PARALLEL WITH A 6|xF TANTALLUM CAPACITOR. 

3. REXT IS EXTERNAL TACHOGENERATOR SENSITIVITY SCALING RESISTOR 
(IF REQUIRED) - SEE TEXT UNDER HEADING "VELOCITY OUTPUT". 

4. R1 AND R2 ARE ANGLE OFFSET INPUT SCALING RESISTORS (IF REQUIRED) - SEE TEXT. 

5. CASE PIN CONNECTED ON 460 OPTION ONLY. 

6. POSSIBLE USE AS BUILT-IN TEST EQUIPMENT. (SEE HEADING "SPECIAL FUNCTIONS".) 



Figure 6. Electrical Connections 



Figure 7. Connections for Use with lnductosyn/"LS'' External Counters 


CONNECTING THE CONVERTER 

The electrical connection of the converter is straight-forward. 
The power supply voltages connected to + V s and - V s pins 
can be ± 12V to ± 15V but must not be reversed. The + 5V 
supply connects to the + 5 V pin and should not be allowed to 
become negative with respect to the GND pin. 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines ( + V s , - V s and +5V) and GND 
adjacent to the converter. 


When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The converter has some H/F decoupling provided internally, as 
well as input protection on the signal and reference inputs. 

The resolver connections are made to the sine and cosine inputs, 
reference and analog ground as shown in the electrical connection 
diagram (Figure 6). 
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PROCESSING FOR HIGH RELIABILITY 


STANDARD PROCESSING 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 


Process 


Condition 


1. Pre-Cap Visual Inspection 

2. Bum-In 

3. Constant Acceleration 

4. Gross Leak Test 

5. Final Electrical Test 


In-House Criteria 

70°C 

5000G 

In-House Criteria 
Performed at 25°C 


HIGH REL PROCESSING 

All models ordered to high reliability requirements will be iden- 
tified with a B suffix, and will have received the following proc- 
essing: 

1. Internal visual inspection 

2. Stabilization bake, 24 hours at 150°C 

3. Temperature cycling, -65°C to +150°C 

4. Constant acceleration, 5000g 

5. Powered bum-in, 160 hours at 125°C 

6. Final electrical test at Tmin and Tmax 

7. Seal test, fine and gross 

8. External visual inspection 


OUTLINE DIMENSIONS 
PACKAGING SPECIFICATIONS 

Dimensions shown in inches and (mm). 



r 


-2.095 ±0.021 (53.2 


-J BOTTOM VIEW 


PACKAGE FOR 560 OPTION. 



n ANALOG 

LI DEVICES 


1SB4 


, , 




- OPTION CODE 


PIN 1 INDENTIFIER 



BOTTOM VIEW 


PACKAGE FOR 460 AND 460B OPTIONS 


ORDERING INFORMATION 


N = 1 

N = 2 
N = 4 
N = 6 


10-bit resolution 
12-bit resolution 
14-bit resolution 
16-bit resolution 


1SN4 X60 B 



High Reliability Processing 

2kHz to 10kHz reference frequency 

X = 5 0 to + 70°C operating temperature range 

X = 4 - 55°C to + 125°C operating 

temperature range 
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ANALOG 

DEVICES 


Hybrid, Tracking 
Resolver-to- D igita I Converters 

1S20/1 S40/1 S60/1 S61 


FEATURES 
Low Cost 
32-Pin Hybrid 

High Tracking Rate 170rps at 12 Bits 
Velocity Output 
DC Error Output 

Logic Outputs for Extension Pitch Counter 
APPLICATIONS 

Numerical Control of Machine Tools 
Robotics 



GENERAL DESCRIPTION 

The 1S20/40/60/61 are a series of low cost hybrid converters 
with a high tracking rate and all essential features for numerically 
controlled machine applications. These converters are housed in 
a 32-pin triple DIP ceramic package measuring 1 . 1" x 1 .7" x 0.205" 
(28 x 43.2 x 5.2mm). 

The 1S20/40/60/61 convert resolver format input signals into a 
parallel natural binary digital word. Typically, these signals 
would be obtained from a brushless resolver and the resolver/ 
converter combination gives a parallel absolute angular output 
word similar to that provided by an absolute encoder. The 
ratiometric conversion principle of the 1S20/40/60/61 series, 
ensures high noise immunity and tolerance of lead length when 
the converter is at a distance from the resolver. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital" highway. In this series there are 12-, 
14- and two 16-bit resolution (±4 arc mins and ± 10 arc mins 
accuracy) models available. 

Repeatability is 1LSB for all models under constant temperature 
conditions. 

The IS 20/40/60/61 are available with three frequency options 
covering the range 400Hz to 10kHz. 

Models Available 

Four models are available in this range and three frequency 
options for each model. 

1S20 is a 12-bit up to 170 revolutions per second 

1S40 is a 14-bit up to 42.5 revolutions per second 

1560 is a 16-bit up to 10.5 revolutions per second 

1561 is a 16-bit up to 10.5 revolutions per second 


APPLICATIONS/USER BENEFITS 

The 1S20/40/60/61 has been specifically designed for the numer- 
ically controlled machine and robot industry. Using the type 2 
servo loop tracking principle ideally suits these converters to 
the electrically noisy environment found in these industrial 
applications. 

By using hybrid construction techniques, small size, low power 
and high reliability are further benefits offered by these converters. 
This small size with the three-state digital outputs makes these 
converters ideal for multichannel operation. 

The layout of the connections simplifies the parallel connection 
to a digital highway. 

The provision of the digital outputs of DIRECTION and RIPPLE 
CLOCK allow simple extension counters for multi-pitch operation 
to be implemented. 

Analog outputs of velocity and dc error for control loop stabili- 
zation and bite (built in test) provide two more features required 
in these applications. 
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(typical @ + 25°C, unless otherwise specified) 


Models 

1S20 

IS40 

1S60 

1S61 

Units 

RESOLUTION 

12 

14 

16 

16 

Bits 

ACCURACY 1 

±8.5 

±5.3 

±4.0 

±10 

arc-mins 

REPEATABILITY 2 

1 

* 

* 

* 

LSB 

ba (tk'M scti u a 


hbhm 



Hz 

DIGITAL OUTPUT 

Parallel natural binary 





Max Load 

20 

* 

if 

* 

LSTTL 

TRACKING RATE (min) 






400Hz-2.6kHz 

50 

12.5 

3.0 

3.0 

rps 

2.6kHz- 5kHz 

90 

22.5 

5.5 

5.5 

rps 

5kHz- 10kHz 

170 

42.5 

10.5 

10.5 

rps 

SETTLING TIME 






400Hz-2.6kHz 

150 

180 

350 

350 

ms 

2.6kHz- 5kHz 

40 

50 

130 

130 

ms 

5kHz-10kHz 

20 

25 

60 

60 

ms 

ACCELERATION CONSTANT (K a ) 






400Hz- 2.6kHz 

9,500 

* 

★ 

* 

sec" 2 

2.6kHz- 5kHz 

144,000 

it 

* 

* 

sec' 2 

5kHz- 10kHz 

713,000 

★ 

* 

if 

sec" 2 

SIGNAL VOLTAGE 

2.0 

* 

★ 

★ 

Vrms 

SIGNAL INPUT IMPEDANCE 

>10 

if 

* 

it 

MD 

REFERENCE VOLTAGE 

2.0 

* 

* 

* 

Vrms 

REFERENCE INPUT IMPEDANCE 

125 

* 

★ 

it 

kH 

ALLOWABLE PHASE SHIFT 4 






(Signal to Reference) 

±10 

* 

★ 

if 

Degrees 

BUSY OUTPUT 5 

Logic “Hi” when Busy 





Max Load 

20 

* 

* 

* 

LSTTL 

BUSY WIDTH 

430 

if 

★ 

it 

ns 

ENABLE INPUTS 

Logic “Lo” to ENABLE 





Load 

1 

★ 

* 

it 

LSTTL 

ENABLE AND DISABLE TIMES 

120(typ) 

* 

★ 

it 

ns 


220(max) 

* 

* 

* 

ns 

INHIBIT INPUT 

Logic “Lo” to INHIBIT 

★ 

if 

it 


Load 

1 

* 

if 

* 

LSTTL 

DIRECTION OUTPUT (DIR) 5 

Logic “Hi” when counting up 

Logic “Lo” when counting down 





Max Load 

20 

* 

if 

ir 

LSTTL 

RIPPLE CLOCK 5 

Negative pulse indicating when 
internal counters change from all 
“ 1 ’s” to all “0’s” or vice versa. 





Max Load 

20 

if 

it 

it 

LSTTL 

VELOCITY OUTPUT 6 (at specified min tracking rate). 





Polarity 

positive for increasing angle 

if 

* 

it 

- 

Output Voltage 7 

±10 

* 

it 

* 

Vdc 

Accuracy 

±10 

* 

★ 

it 

% FSD 

Zero Offset 

±8 

if 

* 

* 

mV 

DC ERROR OUTPUT VOLTAGE 6 

40 

10 

2.5 

2.5 

mV/LSB 

POWER SUPPLIES 






+ V s 

+ 11.5 to + 16 

♦ 

it 

* 

V 

-V s 

— 11.5 to — 16 

* 

it 

if 

V 

+ 5V 

+ 4.75 to +5.25 

* 

* 

it 

V 

POWER SUPPLY CONSUMPTION 7 






+ v s 

20, 30 (max) 

♦ 

* 

it 

mA 

-V s 

20, 30 (max) 

* 

★ 

* 

mA 

+ 5V 

105, 125 (max) 

* 


it 

mA 

POWER DISSIPATION 7 

1.1, 1.5(max) 

♦ 

★ 

it 

W 

TEMPERATURE RANGE 






Operating 

0 to + 70 

if 

★ 

* 

°C 

Storage 

-55 to + 125 

* 

* 

* 

°C 

PACKAGE OPTION 8 

DH-32E 

* 

it 

* 


WEIGHT 

1(28) 

* 

it 

it 

oz. (grins) 


NOTES 

’Specified over the operating temperature range and for: 

a) . ± 10% signal and reference amplitude variation. 

b) . 10% signal and reference harmonic distortion. 

c) . ± 10% on frequency range of option. 

Specified at constant temperature. Over the operating temperature range, 
worst case repeatability could be up to 1.5 arc mins for all models. 

3 See frequency range options. 


4 For no additional error with a static input, see “Dynamic Accuracy vs. Resolver Phase Shift” 
5 See timing diagram. 

'These outputs should be connected via buffers or comparator inputs (max load lOOpF). 

7 ±V S = ±15 volts. 

8 See Section 14 for package outline information. 

♦Specifications same as 1S20. 

Specifications subject to change without notice. 
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FUNCTIONAL DIAGRAM 


BIT WEIGHT TABLE 



Bit Number Weight in Degrees 


1 (MSB) 

180.0000 

2 

90.0000 

3 

45.0000 

4 

22.5000 

5 

11.2500 

6 

5.6250 

7 

2.8125 

8 

1.4063 

9 

0.7031 

10 

0.3516 

11 

0.1758 

12 

0.0879 

13 

0.0440 

14 

0.0220 

15 

0.0110 

16 

0.0055 



THEORY OF OPERATION 

The sine and cosine signals are applied to the signal input. 

Vi = K E 0 Sin o)t Sin 0 
V 2 = K Eq Sin cot Cos 0 

Where 0 is the angle of the resolver shaft or the distance through 
a particular pitch of the Inductosyn™. 

To understand the conversion process, then assume that the 
current word state of the up-down counter is <j>. 

Vi is multiplied by Cos cf> and V 2 is multiplied by Sin <j> to give: 

K E 0 Sin cot Sin 0 Cos 4> 
and K Eq Sin cot Cos 0 Sin <J> 

These signals are subtracted by the error amplifier to give: 

K'Eq Sin cot (Sin 0 Cos cj> - Cos 0 Sin cj>) 
or K'E 0 Sin cot Sin (0 - c{>) 

A phase sensitive detector, integrator and Voltage Controlled 
Oscillator (VCO) form a closed loop system which seeks to null 
Sin (0 — <J>)- 

When this is accomplished, the word state of the up-down counter 
(4>), equals, within the rated accuracy of the converter, the 
resolver shaft angle 0. 

OPERATION OF THE CONVERTER 

The 1S20/40/60/61 are tracking converters, this means that the 
output automatically follows the input for speeds up to the 
maximum tracking rate for the frequency option specified. No 
convert command is necessary as the conversion is initiated by 
each LSB increment of the input. Each LSB increment of the 
converter initiates a BUSY pulse. 

As the digital output of the converter passes through the major 
carry; i.e., all “IV* to all “0’s” or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 


The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in advance 
of a RIPPLE CLOCK pulse. 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore does 
not interru pt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

Two ENABLE inputs are provided , ENABLE M for the Most 
Significant 8 bits and ENABLE L for the Least Significant 
remainder. The operation of these enables has no effect on the 
conversion process. 

The tracking conversion technique produces an internal signal 
at the input to the VCO that is proportional to the rate of the 
input angle. This is a bipolar dc analog signal that is made 
available at the VELOCITY (VEL) pin. As this is an internal 
control signal it is not closely characterized. 

The signal at the output of the phase sensitive detector is the 
input to the internal nulling loop and hence is proportional to 
the error between the input angle and the output digital angle. 
As the converter is a type 2 servo loop, this DC ERROR signal 
will increase if the output angle fails to track the input for any 
reason, it is therefore an indication that the input has exceeded 
the maximum tracking rate of the converter or due to some 
internal malfunction, the converter is unable to reach a null. By 
the use of two external comparators this voltage can be used as 
a “built in test”. 

NOTE: The DC ERROR voltage has no internal filtering. 

™Inductosyn is a registered trademark of Farrand Industries, Inc. 
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RESOLVER 



2. THE lOOnF CAPACITORS ARE CERAMIC TYPE. 

3. THE 6|aF CAPACITORS ARE TANTALUM TYPF 


Figure 1. Electrical Connections 



Figure 2. Connections for Use with lndustosyn/"LS" External Counters 


CONNECTING THE CONVERTER 

The electrical connection of the converter is straight-forward. 
The power supply voltages connected to + Vs and - Vs pins 
can be ± 12V to ± 15V but must not be reversed. The + 5V 
supply connects to the 4- 5V pin and should not be allowed to 
become negative with respect to the GND pin. 

It is suggested that decoupling capacitors of lOOnF are connected 
in parallel between the power lines ( + Vs, - Vs and + 5V) and 
GND adjacent to the converter. 


When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter (refer 
to Figure 1). 

The converter has some H/F decoupling provided internally, as 
well as input protection on the signal and reference inputs. 

The resolver connections are made to the sine and cosine inputs, 
reference and analog ground as shown in the electrical connection 
diagram (Figure 1). 
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min = 936ns (a 170RPS 2 



I - I 3 t is max _ \ 1— _ 
| I 300ns min “ “ 
75ns 50ns 



Figure 3. Timing Diagram 



PITCH COUNT DATA 


Figure 4. CMOS External Counter 


DATA TRANSFER 

The readiness of the converter for data transfer is given by the 
state of the BUSY output. The signal appearing on the BUSY 
output pin is a series of pulses of TTL levels when the angular 
input of the converter is changing. A BUSY pulse is initiated 
each time the input moves by an LSB an d the Intern al counter 
is incremented or decremented. With the INHIBIT input pin in 
the “Hi” TTL state, data will be transferred automatically to 
the output latches. 

The ENABLE input pin determines the state of the output 
data. A TTL logic “Hi” maintains the output data pins in a 
high impedance condition, the application of a logic “Lo” presents 
the data in the latches to the output pins. 

From the above it can be seen that there are two methods available 
for transferring data. 

One method is to transfer data when the BUSY is in a “Lo” 


state or clock th e data out on the t railing edge of the BUSY 
pulse. Both the INHIBIT and the ENABLES must be in their 
correct state of “Hi” and “Lo’s” respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be valid one microsecond after the application of a logic 
“Lo” to the INHIBIT. This is regardless of the time when the 
INHIBIT is applied. 

In order to count input revolutions or pitches, an external extension 
counter is required. A circuit performing this function is shown 
in Figure 2. 

The DIRECTION (DIR) and RIPPLE CLOCK (RC) logic 
outputs should always be used in the manner shown in the 
application circuit. We recommend the circuit in Figure 2 to be 
used as the circuit in Figure 4 uses CMOS and great care must 
be taken to keep the stray capacitances low because of the high 
tracking rate of the converter. 
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DYNAMIC PERFORMANCE 

The transfer function of the converter is given below. 


0in 



+ 


K a 


1+STt 

S 2 


1 "+ st 2 


-O ^OUT 


Open loop gain: 

Qqut __ Ka # 1 + ST t 
0 IN S 2 * 1 + ST 2 

Closed loop gain: 

0QUT _ 1 + ST } 

n ~ 1 , OT . S 2 , S 3 T; 
0in 1 + STj + H — 


1S20/1S40/1S60/1S61 (typical values) 


^\(Option 

Constant'*''-^ 

510 

550 

560 

K a 

9,500 

144,000 

713,000 

T, 

17.4ms 

4.1ms 

1.85ms 

t 2 

2.6ms 

0.6ms 

0.25ms 

Gain Plot 

Figure 5 

Figure 7 

Figure 9 

Phase Plot 

Figure 6 

Figure 8 

Figure 10 



10 20 50 100 200 500 Ik 


FREQUENCY - Hi 


Figure 5 



10 20 50 100 200 500 Ik 


FREQUENCY - Hz 

Figure 6 



Figure 7 



FREQUENCY - Hz 

Figure 8 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 


Figure 9 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 


Figure 10 
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ACCELERATION ERROR 

A tracking converter like the 1S20 employing a type 2 servo 
loop does not suffer any velocity lag, however, there is an additional 
error due to acceleration. This additional error can be defined 
using the acceleration constant K a of the converter. 

£ _ Input acceleration 
a Error in output angle 

The numerator and denominator have the same units. K a does 
not define maximum acceleration only the error due to acceleration, 
maximum acceleration is in the region of 10 times the K a figure 
(deg/sec 2 ). 

An example using the K a of the 1S60/560 
Acceleration of 33 revolutions sec -2 with K a = 713,000 
Additional error = 1 arc-min 


DYNAMIC ACCURACY VS. RESOLVER PHASE SHIFT 

Most resolvers, particularly those of the brushless type, exhibit 
a phase shift between the signal and the reference. This phase 
shift will give rise under dynamic conditions to an additional 
error defined by: 

Shaft Speed (RPS) x Phase Shift (PEGS) 

Reference Frequency 

For example, for a phase shift of 20°, a shaft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit an 
additional error of: 


20 x 22 
5000 


0.088° 


This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver. 


The graph below shows the typical variation of MTBF with 
temperature for the 1S20, under ground benign environment. 



25 40 55 70 85 100 

TEMPERATURE - °C 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ V S ‘ 

-Vs 1 

+ 5V 2 

Reference .... 

Sine 

Cosine 

Any Logical Input 


. . 0V to + 17V dc 
. . 0V to - 17V dc 
. . OVto 4- 7.0V dc 

± 17V dc 

± 17V dc 

± 17V dc 

-0.4V to +5.5V dc 


CAUTION: 

1. Correct polarity voltages must be maintained on the +Vs 
and - Vs pins. 

2. The +5 volt power supply must never go below GND 
potential. 


PROCESSING FOR HIGH RELIABILITY 


PIN CONFIGURATION 


STANDARD PROCESSING 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 


Process 


Condition 


1 . Pre-Cap Visual Inspection 

2. Burn-In 

3. Constant Acceleration 

4. Gross Leak Test 

5. Final Electrical Test 


In-House Criteria 

70°C 

5000G 

In-House Criteria 
Performed at 25°C 


MEAN TIME BETWEEN FAILURES (MTBF) 

The reliability of these products is very high due to the extensive 
use of custom chip circuitry. For details of MTBF figures under 
particular conditions please consult the factory. 
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OTHER PRODUCTS 


IRDC 1 732 - Inductosyn™/Resolver to Digital Converter (Hybrid) 

IPA 1 75 1 - Inductosyn™ Pre- Amplifier 

OSC1754- Power Oscillator 

OSC 1 75 8 - Power Oscillator (Hybrid) 

IPA 1764- Inductosyn™ Pre- Amplifier (Hybrid) 

MCI 1 794 - 3 Channel Inductosyn™/Resolver 

to Digital Converter (Multibus Compatible Card) 

™Inductosyn is a registered trademark of Farrand Industries, Inc. 

ORDERING INFORMATION 


1 = 400Hz - 2.6kHz 

5 = 2.6kHz - 5kHz 

6 = 5kHz - 10kHz 


1SAB 5Y0 



1S20 - 12 Bit 
1S40- 14 Bit 
1S60- 16 Bit 
1S61 - 16 Bit 
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□ ANALOG 
DEVICES 


Tachogenerator 
Output, Variable Resolution, 
Hybrid, Resolver-to-Digital Converter 


1S74 


FEATURES 
40-Pin Hybrid 

Tachogenerator Velocity Output 
User Selectable Resolution 
DC Error Output 
Sub LSB Output 
Angle Offset Input 

Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPLICATIONS 

Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics 

Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 

GENERAL DESCRIPTION 

The 1S74 is a hybrid device that converts standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features of multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically, the input signal would be obtained from a brushless 
resolver and the resolver/converter combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric conversion principle of the 
1S74 ensures high noise immunity and tolerance of lead length 
when the converter is at a distance from the resolver. 

In conjunction with the IPA1764 preamplifier, the 1S74 is also 
suitable for use with Inductosyns®. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the converter is its internally generated 
tachogenerator velocity output offering a linear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the user’s chosen volts/rpm relationship. 

Repeatability is 1LSB under constant temperature conditions. 

The resolution of the 1S74 converter is user selectable by means 
of applying a specific binary code to two of the converter’s pins. 

Four resolutions can be selected, all operating over a frequency 
range of 2kHz to 10kHz. 

10 bit up to 40,800 revolutions per minute. 

12 bit up to 10,200 revolutions per minute. 

14 bit up to 2,550 revolutions per minute. 

16 bit up to 630 revolutions per minute. 


1S74 FUNCTIONAL BLOCK DIAGRAM 


REF 



APPLICATIONS 

The IS 74 has been designed for motor position control in the 
CNC, robotic and military fields. The use of a type 2 tracking 
servo loop circuit with high inherent noise immunity, makes the 
product ideally suited to these applications. 

USER BENEFITS 

Allows both velocity and position measurement from a single, 
low cost, standard, brushless resolver. 

80dB dynamic range of velocity output. 

0.5% ripple on velocity signal. 

0.1% linearity of velocity signal. 

Cost effective tachogenerator/encoder replacement. 

Tracks at 5 to 10 times the rate of equivalent resolution 
encoders. 

Analog output for interpolation between digital codes. 

Direction and Ripple Clock (Datum) outputs facilitate revolution 
counting. 

Hybrid construction offering small size and MTBF of >200 
years at 50°C GB. 

MIL operating temperature range and spec, options available. 
Inductosyn® is a registered trademark of Farrand Industries, Inc. 
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CDCPIETIOATinUC ^ ical for both commercial (5Y0) and extended (4Y0) temperature range options 

Or LuiriuHl lUnO @ 25°C and ± 15V or ± 12V power supplies, unless otherwise noted) 


Resolution 

10 Bits 

12 Bits 

14 Bits 

16 Bits 

Units 

RESOLVER INPUTS 

Signal Voltage 

2.0 (±5%) 

★ 

★ 

★ 

V rms 

Reference Voltage 

2.0 ( + 50% -20%) 

★ 

★ 

★ 

Vrms 

Signal & Reference Frequency 

2k- 10k 

★ 

★ 

★ 

Hz 

Signal Input Impedance 

10 (min) 

★ 

★ 

★ 

m n 

Reference Input Impedance 

125 

★ 

★ 

★ 

kn 

Allowable Phase Shift 
(Signal to Reference) 

±10 

★ 

★ 

★ 

Degrees 

POSITION OUTPUT 

Resolution 

10 

12 

14 

16 

Bits 

1LSB 

0.35 

0.088 

0.022 

0.0055 

Degrees 

Accuracy (maximum error over 
temperature range) 

5YO 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±4.0(0.07) 

arc-mins (degrees) 


±0.12 

±0.04 

±0.025 

±0.019 

%F.S. 

4YO 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±2.6(0.04) 

arc-mins (degrees) 


±0.12 

±0.04 

±0,025 

±0.012 

%F.S. 

Digital Position Output Format 

Parallel natural binary 

★ 

★ 

★ 


Load 

6 (max) 

★ 

* 

★ 

LSTTL 

Monotonicity 

Guaranteed 

★ 

★ 

★ 


Repeatability 

1 

★ 

★ 

★ 

LSB 

DATA TRANSFER 

Busy Output 

Logic “Hi” when busy 

★ 

★ 

★ 


Load 

6 (max) 

★ 

★ 

★ 

LSTTL 

Busy Width 

380 (min) 530 (max) 

★ 

★ 

★ 

ns 

ENABLE INPUTS 

Logic “Lo” to enable 

★ 

★ 

★ 


Load 

1 

★ 

★ 

★ 

LSTTL 

Enable & Disable Times 

250 (max) 

★ 

★ 

★ 

ns 

INHIBIT INPUT 

Logic “Lo” to inhibit 

★ 

★ 

★ 


Load 

1 

★ 

★ 

★ 

LSTTL 

Direction Output (DIR) 

Load 

Logic “Hi” when counting up, logic “Lo” when counting down. 
6 (max) * * 

★ 

LSTTL 

Ripple Clock (RC) 

Negative pulse indicating when internal counters change from all 

‘Ts”toall“0’s” 

or 

Load 

vice versa. 

6 (max) 

★ 

★ 

★ 

LSTTL 

Width 

1 |x (max) 850n (min) 

★ 

★ 

★ 

secs 

DYNAMIC CHARACTERISTICS 
Tracking Rate 
with ± 15V Supplies 

40,800 (min) 

10,200 (min) 

2,550 (min) 

630 (min) 

rpm 

with ± 12V Supplies 

34,680 (min) 

8,670 (min) 

2,168 (min) 

536 (min) 

rpm 

Acceleration Constant 

K a 

220,000 

★ 

★ 

★ 

sec -2 

Settling Time ( 1 79° step input) 

25 (max) 

35 (max) 

60 (max) 

120 (max) 

ms 

Bandwidth 

230 

★ 

★ 

★ 

Hz 

VELOCITY OUTPUT 

Polarity 

Positive for increasing angle 

★ 

★ 

★ 


Tachogenerator Voltage Scaling 

0.25 

1.00 

4 

16 

V/K rpm 

Scale Factor Accuracy 

± 1 (max) 

★ 

★ 

* 

% of output 

Scale Factor Tempco 

200 (max) 

★ 

★ 

★ 

ppm/°C 

Reversion Error 

±0.2 (max) 

★ 

★ 

★ 

% 

Reversion Error Tempco 

50 (max) 

★ 

★ 

★ 

ppm/°C 

Linearity 

0.1 

★ 

★ 

★ 

% of output 

Over Full Temperature Range 

0.25 (max) 

★ 

★ 

■k 

% of output 

Ripple and Noise 

Steady State (200Hz B/W) 

100 

150 

300 

1300 

|xV rms 

Dynamic Ripple (av-pk) 

0.5 (max) 

★ 

★ 

★ 

% of output 

Zero Offset 

±500 

★ 

★ 

★ 

mV 

Zero Offset Tempco 

50 (max) 

★ 

★ 

★ 

mA7°C 

Output Load 

5 (min) 

★ 

★ 

★ 

k a 
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1S74 


Resolution 

10 Bits 

12 Bits 

14 Bits 

16 Bits 

Units 

SPECIAL FUNCTIONS 

dc Error Output Voltage 

450 

★ 

★ 

★ 

mV/deg 

Inter LSB Output 

± 1 ( ± 20%) 

★ 

★ 

★ 

V/LSB 

Load 

lk (min) 

★ 

★ 

★ 

a 

Angle Offset Input (over operating 
temperature range) 

320 (±10%) 

★ 

★ 

★ 

nA/LSB 

Maximum Input 

32 

★ 

★ 

★ 

LSB 

POWER REQUIREMENTS 

Power Supplies 

±V S 

± 15 ( ± 5%) or ± 12 ( ± 5%) 

★ 

★ 

★ 

Vdc 

+ 5V 

+ 4.75 to +5.25 

★ 

★ 

★ 

Vdc 

Power Supply Consumption 

+ v s 

30 (max) 

★ 

★ 

★ 

mA 

-V s 

30 (max) 

★ 

★ 

★ 

mA 

+ 5V 

125 (max) 

★ 

★ 

★ 

mA 

Power Dissipation 

1.5 (max) 

★ 

★ 

★ 

W 

TEMPERATURE RANGE 

Operating 5YO Option 

0 to + 70 

★ 

★ 

★ 

°C 

4YO Option 

-55 to + 125 

★ 

★ 

★ 

°C 

Storage 5YO Option 

-55 to + 125 

★ 

★ 

★ 

°C 

4YO Option 

— 60 to + 150 

★ 

★ 

★ 

°C 

DIMENSIONS 

5 YO Option 

2.1x1.1x0.195 

★ 

★ 

★ 

Inches 


(53.5x28x4.95) 

★ 

★ 

★ 

(mm) 

4YO Option 

2.14x1.14x0.18 

★ 

★ 

★ 

Inches 


(54.5x29x4.6) 

★ 

★ 

★ 

(mm) 

WEIGHT 

1(28) 

★ 

★ 

★ 

oz. (grams) 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ VS 1 

-Vs 1 

+ 5V 2 

Reference .... 

Sine 

Cosine 

Any Logical Input 


. . OV to + 17V dc 
. . OV to - 17V dc 
. . OVto + 6.0V dc 

± 17V dc 

± 17V dc 

± 17V dc 

-0.4V to + 5.5V dc 


CAUTION: 

1. Correct polarity voltages must be maintained on the + Vs 
and — V s pins. 

2. The + 5 volt power supply must never go below GND 
potential. 
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FUNCTIONAL DIAGRAM 


REF 



OPERATION OF THE CONVERTER 

The 1S74 is a tracking converter, this means that the output 
automatically follows the input for speeds up to the maximum 
tracking rate for the resolution option. No convert command is 
necessary as the conversion is initiated by each LSB increment 
of the input. Each LSB increment of the converter initiates a 
BUSY pulse. 

POSITION OUTPUT 

The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. 

The static angular accuracy quoted for each converter type is 
the worst case error that can occur over the full operating tem- 
perature range with the following input conditions: 

a) Signal input amplitudes within 5% of the nominal values. 

b) Signal and reference frequency within the specified operating 
range. 

c) Phase shift between signal and reference less than 10 degrees. 

d) Signal and reference waveform harmonic distortion less than 
10 percent. 

These test conditions are selected primarily to establish a repeatable 
acceptance test procedure which can be traced to national stan- 
dards. In practice, the converters can be used well outside these 
operating conditions providing the following points are 
observed. 

SIGNAL AMPLITUDE (SINE AND COSINE INPUTS) 

The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the analog outputs and inputs of the converter such as velocity, 
inter LSB position and angle offset. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value the angular error 
will increase by an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 
response will also change, since the K a is proportional to signal 
level. 


PIN CONNECTIONS 


12 

11 

10 

9 

8 

7 

6 


3 

2 

1 

ENL 
ENM 
GND 
+ 5V 
+ V S 
-V s 
N/C 
DCER 


NOTES 

1. "R EX t” SHOULD BE CONNECTED TO 
"VEL" FOR UNITY GAIN. 

2. CASE PIN CONNECTED ON 460 OPTION ONLY 

SIGNAL AND REFERENCE FREQUENCY 

Any frequency within the specified range of the converter may 
be used. It should be noted that the signal and reference input 
voltages must be in resolver format. 



VEL 

ANGLE OFFSET 
GND REF 
INTER LSB 


REFERENCE VOLTAGE LEVEL 

The amplitude and waveform of the reference signal applied to 
the converter’s input is not critical, however it is essential that 
the zero crossing points are maintained in the correct place to 
drive the converter’s phase sensitive detector. 


HARMONIC DISTORTION 

The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square and triangle waveforms can be used but the input levels 
should be adjusted so that the average value after rectification is 
1.9 volts. (For example - a square wave should be 1.9V peak.) 

NOTE: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 


PHASE SHIFT (BETWEEN SIGNAL AND REFERENCE) 

See Section on “Dynamic Accuracy vs. Resolver Phase Shift”. 

RESOLUTION PROGRAMMING 

The 1S74 converter can be programmed for resolutions of 10, 

12, 14, and 16 bit by applying a binary code to the pins “SCI” 
and “SC2”. 

The dc error output and maximum revolutions per minute for 
full scale are scaled internally according to the particular resolution 
selected. 

Table I gives the binary code, dc error output and maximum 
tracking rate for the resolutions available. 


Tracking Rate 


Resolution 

Binary Code 
SCI SC2 

DC Error 
(mV/Bit) 

for FS ( ± 10V) 
rpm 

10 Bit 

0 

0 

160 

40,800 

12 Bit 

0 

1 

40 

10,200 

14 Bit 

1 

0 

10 

2,550 

16 Bit 

1 

1 

2.5 

630 




Tablet. 



NOTE: When changing resolution under dynamic conditions, 
a period of uncertainty will exist before position and velocity 
data is valid. 

For more information ask for the relevant application note. 


5-46 SYNCHRO & RESOLVER CONVERTERS 








1S74 


DATA TRANSFER 

BUSY Output: 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses of 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
counter is incremented or decremented. 

INH IBIT Inpu t: 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore, does 
not interru pt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

NOTE: With the INHIBIT input pin in the “Hi” TTL state, 
data will be transferred automatically to the output latches. 

ENA BLE Inpu ts: 

Two ENABLE input s are provide d, ENABLE M for the most 
significant 8-bits and ENAB LE L for the least significant re- 
mainder. These ENABLES determine the state of the output 
data. A TTL logic “Hi” maintains the output data pins in a 
high impedance condition, the application of a logic “Lo” presents 
the d ata in the la tches to the output pins. The operation of 
these ENABLES has no effect on the conversion process. 

Two methods are available for transferring data, by using the 
inputs and outputs described. 

One method is to transfer data when the BUSY is in a “Lo” 
state or clock th e data out on the trailing edge of the BUSY 
pulse. Both the INHIBIT and the ENABLES must be in their 
correct state of “Hi” and “Lo’s” respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be va lid one mi crosecond after the application of a logic 
“Lo” to the INHIBIT. This is regardless of the time when the 
INHIBIT is applied. 

RIPPLE CLOCK (RC) AND DIRECTION (DIR) OUT- 
PUTS: 

As the digital output of the converter passes through the major 
carry, i.e., all “IV* to all “0’s” or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 


min = 935ns (a 40,800 rpm 1 



NOTE 

1. 1S74, 10-BIT RESOLUTION. 


Figure 1. Timing Diagram 


The DIRECTION (DIR) logic output indicates the direction of 
input rotation and this data is always valid in advance of the 
RIPPLE CLOCK pulse, and stays valid until the direction 
changes (see Timing Diagram). 

These two logic outputs are provided so that the user can count 
the input revolutions or pitches. An external extension counter 
is required. Figure 2 shows the application circuit which should 
be used to perform this counting function. 



PITCH COUNT DATA 


Figure 2. Connections for Use with LS Extension 
Counters 

VELOCITY OUTPUT 

The tracking conversion technique produces an internal signal 
at the input to the voltage controlled oscillator (VCO) that is 
proportional to the rate of the input angle. In the 1S74 additional 
circuitry is included to linearize this signal, which is closely 
characterized, producing a high quality tachogenerator velocity 
output at the- VELOCITY (VEL) pin. 

This analog tachogenerator velocity output is resistively scaled 
internally to give a full scale output of ± 10V dc at the specified 
tracking rate for the converter. 

However, a full scale output of ± 10V dc can be obtained for 
lower speeds by changing the gain of the internal scaling amplifier 
using only an external resistor. The external resistor, Rextj 
should be connected between “Rext” pin and ground, and 
calculated using the following equation. 

„ 10 x A , 

^ext “ r _ a. ^ °h ms 

Where A = required rpm to be represented by ± 10V FS 
B = specified rpm for the converter. 

NOTE: A cannot be greater than B and for unity gain “VEL” 
and “Rext” pins should be linked. 

Ripple and noise on the velocity signal consists of two compo- 
nents — steady state noise and dynamic noise. 

Steady state noise — this is internally generated noise produced 
by the converter’s circuitry and is the only noise signal present 
under static input conditions. 

Dynamic noise — this is the noise produced, in addition to steady 
state noise, under dynamic operating conditions. 

The two main components of the dynamic noise signal are due 
to the “non-zero” angular error of the resolver/converter combi- 
nation. The figures given in the specification are typical for a 
size 11, 7 arc-minutes, brushless resolver. 
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It should be noted that when operating at low tracking rates it 
is critical to maintain the signal input voltage at its nominal 
value in order to keep the noise level on the velocity signal to an 
absolute minimum. The effect of variation in signal voltage at 
low tracking rates is to produce low energy spikes on the velocity 
output on the rising edge of the BUSY pulse. The amplitude of 
these spikes will be in the region of 30|xV per percent variation 
in signal input voltage level. 


offset equivalent to no greater than 30LSB’s be applied to this 
input. 

This input is a virtual ground, therefore a current source can be 
generated by a voltage source connected by a single resistor. 

DYNAMIC PERFORMANCE 

The transfer function of the converter is given below: 


NOTE: The velocity signal output and max tracking rate 
derates by 15% (max) for operation with ± 12 volt power 
supplies. 

SPECIAL FUNCTIONS 

DC ERROR: The signal at the output of the phase sensitive 
detector is the input to the internal nulling loop and hence is 
proportional to the error between the input angle and the output 
digital angle. As the converters are a type 2 servo loop, this DC 
ERROR signal will increase if the output angle fails to track the 
input for any reason. It is therefore an indication that the input 
has exceeded the maximum tracking rate of the converter, or 
due to some internal malfunction, the converter is unable to 
reach a null. By the use of two external comparators this voltage 
can be used as a “built in test”. 

INTER LSB OUTPUT: In order to overcome the “free play” 
inherent in a servo system using digitized position feedback, an 
analog output voltage is available representing the resolver shaft 
position within the least significant bit of the digital angle 
output. 


TACHO OUTPUT 




K ,(1 +sT() 

i 

k 2 


s( 1 +sT 2 ) 


S 

1 





Positional Transfer Function: 
8qut 


K,K 2 1 + sT, 

= — •fT7iT open loop 


°OUT 


1 + sT! 


- closed loop 


1 4- sT i + 


K, K 2 t K l K 2 


where KiK 2 = K a 


Tachogenerator Transfer Function: 

Tachogenerator Output Kj(l +8^) 

= s(i + ~ sf 2 ) ~ open loop 


The output is therefore proportional to the inter LSB resolved 
position with a maximum output representing 1LSB. 



Figure 3. 


Figure 3 illustrates how the INTER LSB output compensates 
for the instances where, due to hysteresis, there is no change in 
the digital count output for 1LSB change in input angle. The 
sum of the digital count output and INTER LSB output equals 
the actual input angle. 

ANGLE OFFSET: A unique feature of the 1S74 converter is 
the angle offset input which allows the user to electrically “rotate” 
the input shaft of the resolver. 

Injecting a current of 320nA into the angle offset input pin will 
offset the digital output of the converter by lLSB relative to the 
angle defined by the resolver inputs. It is recommended that an 


Tachogenerator 

Output 


s (1 + sTj) 


U IN 

Where: Ki = 3.23 


c2 «3 T, 

K 2 (l + sT,) +^— +J^ 


closed loop 


K 2 = 68.2 xio 3 
K a - 220 xlO 3 
Ti = 4.46ms 
T 2 = 0.21ms 


Refer: Figures 4 and 5 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 


Figure 4. Gain Plot 


5-48 SYNCHRO & RESOLVER CONVERTERS 






180 

135 





















o 







-45 







-90 





s 


-135 







-180 








10 20 50 100 200 500 Ik 

FREQUENCY - Hz 

Figure 5. Phase Plot 

DYNAMIC ACCURACY VS. RESOLVER PHASE SHIFT 

Under static operating conditions phase shift between signal and 
reference lines theoretically does not affect the converter’s static 
accuracy: 


However, when rotating, most resolvers, particularly those of 
the brushless type, exhibit a phase shift between the signal and 
the reference. This phase shift will give rise under dynamic 
conditions, to an additional error defined by: 

SHAFT SPEED (RPS) x Phase Shift (PEGS) 

Reference Frequency 

For example, for a phase shift of 20°, a shaft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit an 
additional error of: 


This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver. 

NOTE: Capacitive and inductive crosstalk in the signal and 
reference leads and wiring can cause similar problems. 


RESOLUTION J 
SELECT I 


DATA 

TRANSFER 


TACHOGENERATOR c 
OUTPUT 


INTER LSB r 
OUTPUT 


2V RMS 
REFERENCE C 


13 

12 

14 

11 

15 

10 

16 (LSB) 

9 

SC2 

8 

SCI 

1S74 

7 

INH 

6 

BUSY 

5 

Rext 

4 

VEL 

3 

ANGLE OFFSET 

2 

N/C 

MSB 1 

INTER LSB 

ENL 

RC 

ENM 

DIR 

GND 

CASE 

+ 5V 

REF 

+ V S 

• AGND 

-V s 

SIN 

N/C 

J COS DC ERROR f 


POWER 

SUPPLIES (NOTE 2) 


BIT OUTPUT 
(NOTE 6) 


FROM STATOR L I (NOTE i 

NOTES. 

1. GND AND AGND ARE INTERNALLY CONNECTED. 

2. EACH SUPPLY SHOULD BE DECOUPLED WITH lOOnF CERAMIC CAPACITOR 
IN PARALLEL WITH A 6fxF TANTALLUM CAPACITOR. 

3. REXT IS EXTERNAL TACHOGENERATOR SENSITIVITY SCALING RESISTOR 
(IF REQUIRED) - SEE TEXT UNDER HEADING "VELOCITY OUTPUT". 

4. R1 AND R2 ARE ANGLE OFFSET INPUT SCALING RESISTORS (IF REQUIRED) - 
SEE TEXT. 

5. CASE PIN CONNECTED ON 460 OPTION ONLY. 

6. POSSIBLE USE AS BUILT-IN TEST EQUIPMENT. (SEE HEADING "SPECIAL 
FUNCTIONS") 


Figure 6. Electrical Connections 


CONNECTING THE CONVERTER 

The electrical connection of the converter is straight-forward. 
The power supply voltages connected tp + V, and - V, pins can 
be ± 12V to ± 15V but must not be reversed. The + 5V supply 
connects to the + 5 V pin and should not be allowed to become 
negative with respect to the GND pin. 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines ( + V s , - V s and + 5V) and GND adjacent 
to the converter. 


When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The converter has some H/F decoupling provided internally, as 
well as input protection on the signal and reference inputs. 

The resolver connections are made to the sine and cosine inputs, 
reference and analog ground as shown in the electrical connection 
diagram (Figure 6). The 2V rms reference supply, which can be 
provided by the OSC1758 oscillator, should be connected to the 
resolver rotor. 
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PROCESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 

Process Condition 

1. Pre-Cap Visual Inspection In-House Criteria 

2. Bum-In 70°C 

3. Constant Acceleration 5000G 

4. Gross Leak Test In-House Criteria 

5 . Final Electrical Test Performed at 25°C 

OUTLINE DIMENSIONS 

Dimensions Shown in inches and (mm). 


PACKAGE FOR 560 OPTION PACKAGE FOR 460 AND 460B OPTIONS 



OTHER PRODUCTS 

10-, 12-, 14- and 16-Bit Hybrid 
Resolver-to-Digital Converters with High 
Specification Tachometer Output. 

10-, 12-, 14- and two 16-Bit Inductosyn™/ 
Resolver-to-Digital Converters (Hybrid) 
Inductosyn™/Resolver-to-Digital Converter (Hybrid), 
Low Cost 

Inductosyn™ Pre- Amplifier 
Power Oscillator 
Power Oscillator (Hybrid) 

Inductosyn™ Pre- Amplifier (Hybrid) 

3 Channel Inductosyn™/Resolver-to-Digital 
Converter (Multibus Compatible Card) 

Inductosyn™ is a registered trademark of Farrand Industries, Inc. 


1S14/1S24/1S44/1S64- 


1S10/1S20/1S40/1S60/1S61 — 

IRDC1732- 

IPA1751- 

OSC1754- 

OSC1758- 

IPA1764- 

MCI1794- 


HI-REL PROCESSING 

All models ordered to high reliability requirements will be 
identified with a B suffix, and will have received the following proc- 
essing: 

1. Internal visual inspection 

2. Stabilization bake, 24 hours at 150°C 

3. Temperature cycling, -65°Cto + 150°C 

4. Constant acceleration, 5000g 

5. Powered burn-in, 160 hours at 125°C 

6. Final electrical test at T^ and Tn^ 

7. Seal test, fine and gross 

8. External visual inspection 
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ANALOG 

DEVICES 



LVDT-to-Digital Converter 

2S50 


FEATURES 

Internal Signal Conditioning 

Direct Conversion to Digits 

Reference Frequency 400Hz or 1kHz to 10kHz 

High MTBF 

No External Trims 

Absolute Encoding 

APPLICATIONS 

Industrial Measurement and Gauging 
Numerical Control 
Avionic Control Systems 
Valves and Actuators 
Limit Sensing 

GENERAL DESCRIPTION 

The 2S50 series converters translate the outputs from LVDT 
and RVDT transducers into digits directly. No signal conditioning, 
trims, preamplifiers, demodulators or filters are required. The 
2S50 series can also be used as general purpose ratiometric A-to- 
D converters; very compatible with load cells, strain gauge 
bridges, some pressure transducers and interferometers. 

The 2S50 linearly converts ac signals into an 11-bit parallel 
digital word. The digital output is an offset binary word which 
is the ratio of the signal and reference inputs. When used with 
LVDT and RVDT transducers, the digital output represents 
the linear or rotary displacements of the transducer. The converter 
is a continuous tracking type using a type 2 servo loop. 

PRINCIPLE OF OPERATION 

The 2 S 50 is a tracking converter. This means that the output 
automatically follows the input without the necessity of a convert 
command. 

A conversion is initiated by a change of input signal equivalent 
to 1LSB of the output. 

Each LSB increment of the output is indicated by a “Busy” 
pulse. 

With an LVDT connected to give a null at center position, the 
output will track the input from digital “1 + all zeroes” to 
digital “all ones” for plus full scale, and digital “1 + all zeroes” 
to digital “all zeroes” for negative full scale. 

The 2S50 operates only on the ratio of the two inputs for the 
conversion process. As such the whole system, consisting of 
excitation oscillator, LVDT and converter, is insensitive to 
change in excitation voltage, amplitude, frequency and 
waveshape. 

Since a phase sensitive demodulator is included with the conversion 
loop of the 2S50, the system has a high rejection to signals that 
are not phase and frequency coherent with the excitation voltage. 
This feature, combined with ratiometric conversion gives a very 
high standard of integrity to digitized LVDT and RVDT 
systems. 


2S50 FUNCTIONAL BLOCK DIAGRAM 


REFERENCE HI 
(PRIMARY 
EXCITATION) L0 


DIFFERENTIAL ► 
(SECONDARY 
VOLTAGE) , 



PIN FUNCTION DESCRIPTION 


Main negative power supply - 15V dc. 

Main positive power supply + 15V dc. 

Logic supply. 

Power supply ground. Digital ground. 
Reference voltage low. 

Parallel output data bits. 

Analog reference input (Hi). 

Analog difference input (Hi). 

Analog reference input (Lo). 

Analog difference input (Lo). 

Inhibit logic input. Taking this pin “Lo” 
inhibits data transfer from counter to output 
latches. The conversion loop continues to 
track. 

Converter BUSY. A “Hi” output indicates that 
the output latches are being updated. Data 
should not be transferred from the converter 
while BUSY is “Hi”. 

The output data bits are set to a low impedance 
state by application of a logic “Lo” . 

This should normally be grounded. Case can be 
taken to any voltage with a low impedance 
up to ± 20V. 

Pins designated N/C not connected internally. 


ORDERING INFORMATION 


High Reliability Processing 


Y = 1 400Hz reference frequency 


Y — 6 1kHz to 10kHz reference frequency 
X = 4 -55°C to + 125°C operating temperature range (Metal Package) 


X = 5 0 to + 70°C operating temperature range (Ceramic Package) 
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(typical @ + 25°C, unless otherwise noted) 


Models 

2S50/510 

2S50/560 

2S50/410 

2S50/460 

RESOLUTION 

11 Bits 

* 

★ 

* 

ACCURACY 1 

0.1% (Full Scale) 

0.1% 

0.2% 

0.2% 

LINEARITY 

± 1/2LSB 

★ 

★ 

* 

REFERENCE FREQUENCY 

400Hz 

lkHz-lOkHz 

400Hz 

lkHz-lOkHz 

SIGNAL INPUTS 2 

2.5V rms 

* 

★ 

★ 

INPUT IMPEDANCE 

5MH (min) 

★ 

* 

★ 

SLEW RATE (Min) 

200LSB/ms 

400LSB/ms 

200LSB/ms 

400LSB/ms 

SETTLING TIME (99% FS Step) 

50ms 

25ms 

50ms 

25ms 

ACCELERATION CONSTANT (kj 

70,000 

650,000 

70,000 

650,000 

BUSY PULSE 

1 jjls (max) 

* 

* 

* 


1LSTTL Load 

* 

★ 

★ 

INHIBIT INPUT 

Logic “Lo” to Inhibit 

* 

★ 

* 


1LSTTL Load 

★ 

★ 

* 

POWER DISSIPATION 

550mW 

★ 

* 

* 

POWER SUPPLIES 3 

- 15V @ 1 8mA (typ) 25mA (max) 

* 

■k 

★ 


-f 15V @ 18mA (typ) 25mA (max) 

* 

* 

* 


+ 5V@ 3mA (max) 

★ 

* 

★ 

TEMPERATURE RANGE 





Operating 

0 to + 70°C 

★ 

- 55°Cto+ 125°C 


Storage 

-60°Cto + 150°C 

★ 

★ 

★ 

DIMENSIONS 

1. 72" xl.Ux 0.205" 

★ 

1.74" x 1.14" x 0.28" 

★ ★ 


(43.5 x 28.0 x 5.2mm) 

★ 

(44.2x28.9x7. 1mm) 


WEIGHT 

1 oz. (28g) 

★ 

★ 

★ 

PACKAGE OPTIONS 4 

DH-32E 

DH-32E 

M-32 

M-32 


NOTES 

‘Accuracy applies over ± 20% signal voltage, ± 20% excitation frequency and full temperature range, 
and for not greater than 3° phase error between reference and difference inputs. 

2 This is a nominal value. 

3 ± 12 volts to ± 17 volts. 

4 See Section 14 for package outline information. 

^Specifications same as 2S50/5 10. 

^Specifications same as 2S50/410. 

Specifications subject to change without notice. 

PIN CONFIGURATION 

z PIN 1 1DENTIFIER 

-V s 
+ V S 

+ 5V 

GND 
N/C 

N/C 
N/C 

N/C 
BUSY 
INHIBIT 
TP1 

1 (MSB) 

2 

3 

4 

5 

BOTTOM VIEW 


N/C 

“ 7 

N/C 

o o 

CASE 

o o 

REF HI 

o o 

REFLO 

0 o 

DIFFLO 

o o 

DIFF HI 

o o 

ENABLE 

o o 

N/C 

o o 

N/C 

o o 

(LSB) 11 

o 

o 

10 

0 o 

9 

o o 

8 

o 

o 

7 

o 

o 

6 

o o 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 

+ V S 0Vto+17Vdc 

-Vs 0V to — 17V dc 

+ 5V 0V to + 5.5V dc 

Ref, Hi to Lo ±20Vdc 

Diff, HitoLo ±20V dc 

Case to GND ±20V dc 

Any Logical Input -0.4V to + 5.5V dc 
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□ ANALOG 
DEVICES 


High Resolution 
LVDT-to-Digital Converters 


2S54/2S56/2S58 


FEATURES 

Direct Conversion of LVDT and RVDT Outputs into 
Digital Format 

Ratiometric Conversion for Extremely High Stability 
High Resolution (14-16 Bit) Parallel Digital Output 
User Definable Input Gain 
Quadrature Rejection 

Operation Over 360 Hz to 11 kHz Frequency Range 
Linearity Better than ±0.01% 

Internal Bridge Completion Resistors 
1 LSB Repeatability 
75% Overrange Capability 
Extended Temperature Range Versions 

APPLICATIONS 

Direct LVDT/RVDT-to-Digital Conversion 
Industrial Measurement and Gauging 
Valve and Actuator Control 
Limit Sensing 
Aircraft Control Systems 
Semiconductor Wafer Profiling 
AC-to-Digital Conversion 

GENERAL DESCRIPTION 

The 2S56 series of converters linearly converts the outputs of ac 
energized Linear and Rotary Variable Differential Transformers 
(LVDTs, RVDTs) directly into a high resolution digital format. 
For example, with a ± 1 mm stroke LVDT, the least significant 
bit (LSB) of the 2S56 will represent 0.061 microns. 

The 2S58, a high gain variant of the 2S56, can offer even higher 
positional resolution. Using the same ± 1 mm stroke LVDT 
over a reduced range, the 2S58 can realize an LSB weighting of 
1.22 nm. 

The ratiometric conversion technique employed by the convert- 
ers obviates the need for high stability oscillators. The perfor- 
mance quoted for the devices can be achieved with as much 
as a ±10% variation in reference amplitude. 

The converters are complete - no signal conditioning, pre- 
amplifiers or filters are required. The user need only supply 
a suitable reference oscillator. 

The converters operate on a Type II, tracking, servo loop prin- 
ciple which means that the digital output continuously follows 
the transducer input without the need for external convert com- 
mands as in conventional A-to-D converters. The conversion 
technique also ensures that there is no lag between digital out- 
put and transducer input under constant velocity conditions. 

To facilitate interfacing with various types of LVDTs and 
RVDTs, all inputs are fully differential. In addition, the con- 
verters have the flexibility of setting the input gain with a single 



external resistor or link. In order to simplify the transducer 
interface, both the output of the gain stage as well as the refer- 
ence voltage are brought out to enable simplified measurement. 

The parallel digital output word is through tri-state drivers to 
enable direct connection to system data buses. Included is a 
High/Low byte enable which allows communication on both 8 
and 16-bit busses. A separate line is provided to indicate the 
direction of transducer travel. A BUSY pulse is provided indi- 
cating that data is changing and not valid for transfer. 

APPLICATIONS/USER BENEFITS 

Because the 2S56 series of converters operates on the ratio of the 
transducer output signal to the excitation (reference) voltage, the 
entire measurement system is insensitive to changes in reference 
voltage, frequency and wave shape. The resulting stability 
makes conversion technique unrivaled, particularly in applica- 
tions with poor voltage regulation. 

The converters can also be connected in a mode which allows 
the 2 S 54/5 6/5 8 to be galvanically isolated from the excitation 
source. This configuration has the added benefit of minimizing 
the effect of phase shifts and signal input quadrature. 

Because of the use of a phase sensitive demodulator in the track- 
ing loop, the system has extremely high rejection of signals 
which are not phase and frequency coherent with the excitation 
voltage. The resulting noise immunity makes the converters an 
ideal choice for industrial and airborne applications. 

The high precision of the conversion, together with the stability 
offered by ratiometric conversion, make the 2S56 series good 
candidates for applications previously beyond the capability of 
LVDTs. For example, the 2S58 can realize performance com- 
petitive with optical interferometric measurement systems. 
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SPECIFICATIONS 1 


Models 

2S54 

2S56 

2S58 

Comments 

Units 

DIGITAL OUTPUT 




Output Coding Parallel 


Format 

14-Bit Binary 

16-Bit Binary 

16-Bit Binary 

Natural Binary 


Overrange 2 

75% of FS 

★ 

* 



INPUTS (DIFFERENTIAL) 






Vref 

2 

i * 

★ 


V rms 

v 2 

2 

* 

★ 


V rms 

V! 3 

0.2 (min) 2.0 (max) 

* 

0.04 (min) 0.2 (max) 

See “INPUT GAIN” and 

V rms 

Input Gain 

x 1 to x 10 

★ 

xlO to x50 

“SCALING INPUTS” 


Input Impedance (V REF , V x ) 2 

CMRR 2 

6 (max) 

* 

j 

★ 


MH 

@ xl Gain 

100 (min) 

* 

NA 


dB 

@ x 10 Gain 

100 (min) 

★ 

120 (min) 


dB 

@ x50 Gain 

NA 

NA 

120 (min) 


dB 

BRIDGE COMPLETION RESISTORS 2 




(Only in 2S54/2S56) 


Value (XYO Options) 

9990 (min) 10010 (max) 

* 

NA 


a 

Ratio Match 

0.025 

★ 

NA 


% 

Tracking Temperature Coefficient 

2 

★ 

NA 


ppm/°C 

REFERENCE FREQUENCY 2 






50 Hz Bandwidth Option (2S54, 2S56) 

360 (min) 5000 (max) 

★ 

NA 


Hz 

140 Hz Bandwidth Option (2S54, 2S56) 

1000 (min) 5000 (max) 

★ 

NA 


Hz 

300 Hz Bandwidth Option (2S58 Only) 

NA 

NA 

7000 (min) 1 1000 (max) 


Hz 

DIGITAL OUTPUT (BIT 1-BIT 16) 






Output Voltage 




V L = +5 V dc 


(Logic Low Iql- 8.0 mA) 

0.4 (max) 

★ 

★ 

Logic Low I OL = 8.0 mA 

V dc 

(Logic High Iq^-CM mA) 

2.4 (min) 

★ 

★ 

Logic High I OH = -0.4 mA 

V dc 

Tristate Leakage Current 




V L = +5 V dc 


(V ozl = 0.4 V dc) 

±20 (max) 

★ 

★ 

Logic Low Vqzl = 0.4 V dc 

|xA 

(V OZ H=2.4Vdc) 

±20 (max) 

★ 

★ 

Logic High Vqzh = 2.4V dc 

m,a 

DIGITAL INPUT 

(INHIBIT, ENABLE M, ENABLE L) 






Low Input Voltage 

0.7 (max) 

* 

* 

V L = +5 V dc 

V dc 

High Input Voltage 

2.0 (min) 

! * 

★ 

V L = +5 V dc 

V dc 

Low Input Current 

-400 (max) 

* 

* 

V IL - 0.4 V dc 

|xA 

High Input Current 

20 (max) 

* 

* 

V IH = +2.4 V dc 

|xA 

DATA TRANSFER 2 




See Figure 12 


BUSY Pulse Width 

380 (min) 530 (max) 

★ 

★ 


ns 

BUSY Pulse Load 4 

6 

* 

★ 

BUSY Is “Hi” When 

LSTTL 





Output Is Changing 

Loads 

Enable/Disable Time 

120 (typ) 220 (max) 

* 

★ 


ns 

Data Setup Time 

600 

★ 

★ 


ns 

ACCURACY 5 






Conversion Accuracy 

Gain Accuracy 6,7 

±0.7 

±2.5 

±1 


LSB 

@ xl Gain 






0 to +70°C (5Y0) 

±0.03 (max) 

★ 

NA 

2S54/2S56 Only 

% FSR 

-55°C to + 125°C (4Y0) 

@ x 10 Gain 

±0.03 (max) 

* 

NA 


% FSR 

0 to +70°C (5Y0) 

±0.07 (max) 

★ 

★ 

2S54/2S56 and 2S58 

% FSR 

-55°C to + 125°C (4Y0) 

@ x 50 Gain 

±0.10 (max) 

★ 

★ 


% FSR 

0 to +70°C (5Y0) 

NA 

NA 

±0.09 (max) 

2S58 Only 

% FSR 

-55°C to +125°C (4Y0) 

NA 

NA 

±0.12 (max) 


% FSR 
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2S54/2S56/2S58 


Models 

2S54 

2S56 

2S58 

1 

Comments 

Units 

Integral Linearity 6,7 






0° Phase Shift, V REF to Vj 

±0.006 (max) 

★ 

±0.00312 (max) 

See “PHASE SHIFT 

% FSR 

1° Phase Shift, V REF to 

±0.008 (max) 

* 

±0.00437 (max) 

AND QUADRATURE 

% FSR 

5° Phase Shift, V REF to Vj 

±0.01 (max) 

* 

±0.00625 (max) 

EFFECTS” 

% FSR 

Differential Linearity 6 

Temperature Dependent 

±0.5 (max) 

★ 

★ 


LSB 

Position Offset 2 

±0.04 (max) 

* 

★ 


% FSR 

REPEATABILITY 5 






Over 0 to +70°C 2 

±1 

★ 

★ 


LSB 

Hysterisis 

0.5 (min) 1 (max) 

* 

★ 


LSB 

DYNAMIC CHARACTERISTICS 5 






Slew Rate 2 






50 Hz Bandwidth Option (2S54,2S56) 

150 

★ 

NA 


LSB/ms 

140 Hz Bandwidth Option (2S54, 2S56) 

360 

★ 

NA 


LSB/ms 

300 Hz Bandwidth Option (2S58 Only) 
Settling Time (Half FS Step) 

NA 

NA 

688 


LSB/ms 

50 Hz Bandwidth Option (2S54, 2S56) 

160 

300 

NA 

Half FS Step 

ms 

140 Hz Bandwidth Option (2S54, 2S56) 

70 

160 

NA 

Half FS Step 

ms 

300 Hz Bandwidth Option (2S58 Only) 

NA 

NA 

65 

Step From +FSR 
to -FSR 

ms 

ANALOG OUTPUTS 






DIFF O/P (Max Allowable Swing) 

10 

★ 

* 


Vp-p 

REF O/P (Max Allowable Swing) 

10 

* 

★ 


Vp-p 

POWER REQUIREMENTS 






+v s 

+ 15 ±5% 

* 

* 


V dc 

-V s 

-15 ±5% 

★ 

* 


V dc 

+ 5 V 

Supply Currents 

+ 5 ±5% 

* 

* 


V dc 

±v s 

25 (typ) 40 (max) 

★ 

★ 

Quiescent Condition 

mA 

+ 5 V 

105 (typ) 125 (max) 

★ 

* 


mA 

Power Dissipation 

1.3 (typ) 1.8 (max) 

* 

* 


Watts 

TEMPERATURE RANGE 






Operating 

0 to +70 (5Y0 Option) 

★ 

* 


°C 


-55 to +125 (4Y0 Option) 

★ 

★ 


°C 

Storage 

-55 to +125 

★ 

* 


°c 

DIMENSIONS 

2.14 x 1.14 x 0.18 

★ 

* 

See Packaging 

Inches 


54.4 x 29.0 x 4.6 

★ 

* 

Specifications 

mm 

WEIGHT 

1 

★ 

★ 


Ounces 


28 

★ 

★ 


Grams 

PACKAGE OPTIONS 8 

M-40 

M-40 

M-40 




NOTES 

'Tested with nominal supply (±15 V dc, +5 V dc), reference/signal voltages and frequency. 

Guaranteed by design, test not required. 

3 V, is the signal input to the converter directly from the transducer. V 2 is the output of the internal gain stage. Because V 2 needs to be maintained at 2 V ±10% 
in order to meet the converter accuracy (see Note 5), the gain and the maximum value of Vj should be carefully chosen. Furthermore, because the converter 
operates on the ratio of V 2 and V REF , care should be taken to see these voltages are matched in order to achieve the full dynamic range of the converter. 
4 Maximum output current is 2.4 mA. 

Specified over the operating temperature range of the option and for: 

a. ±10% difference in both V REF and V 2 amplitudes 

b. 10% harmonic distortion in V REF and V x . 

c. The accuracy is specified for the preset gains of xl, xlO, and x50. For accuracy in the intermediate range, see Section ’’PHASE SHIFT AND 
QUADRATURE EFFECTS.” 

6 Tested with input gains 1, 10 and 50 with Vj attenuated by 1, 10 and 50, respectively. 

7 Full-Scale Range (FSR) is defined as V 2 = +V REF to V 2 = -V REF . This would usually correspond to the utilized LVDT stroke. 

8 See Section 14 for package outline information. 

* Specifications the same as the 2S54. 

Specifications subject to change without notice. 
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MODELS AVAILABLE 

The 2S56 series is available in three versions: 


2S54 

14-Bits 

Input Gain 

1-10 

2S56 

16-Bits 

Input Gain 

1-10 

2S58 

16-Bits 

Input Gain 

10-50 


The 2S54 and 2S56 are available in two bandwidth options. The 
50 Hz bandwidth option operates over the reference frequency 
range of 360 Hz to 5 kHz, while the 140 Hz bandwidth option 
operates over the range of 1 kHz to 5 kHz. The 2S58 is avail- 
able only in a 300 Hz bandwidth version which operates with 
reference frequencies between 7 kHz and 11 kHz. 

All three devices are available in both commercial (0 to +70°C) 
and military (-50°C to + 125°C) operating temperature versions. 

Full ordering information is given on the back page of this data 
sheet. 

ABSOLUTE MAXIMUM RATINGS 


+V S to GND + 17 Vdc 

-V s to GND -17 Vdc 

V REF 35 Vp-p 

+V L to GND +7 V dc 

VI 35 Vp-p 

Logical Input to GND (max) + 5.5 V dc 

Logical Input to GND (min) -0.4 V dc 

Case to GND ±20 V dc 

Power Dissipation 1.8 Watts 

Junction Temperature + 150°C 


CAUTION: 

1. Absolute Maximum Ratings are the limits beyond which 
damage to the device may occur. 

2. Correct polarity voltages must be maintained on the +V S and 
— V s pins. 

3. The +5 V power supply must never go below GND. 

PRINCIPLES OF OPERATION 

The principle of operation is shown in Figure 1 . 



USING THE 2S56 SERIES CONVERTERS 

The 2S56 series of converters operates on a tracking principle. 
This means that the output digital word always automatically 
represents the position of the LVDT or RVDT without the 
need for external convert commands and status wait loops. As 
the transducer moves through a position equivalent to 1 Least 
Significant Bit (LSB) on the output, the output digital word is 
automatically updated. Each LSB update initiates a BUSY 
pulse. 


INPUT GAIN 

Since the transformation ratio of an LVDT or RVDT from 
excitation voltage to signal voltage is typically in the order of 
1:0.15, provision for gain scaling has been provided. The gain 
can, therefore, be selected to ensure that the full-scale output of 
the converter represents the maximum stroke position of the 
transducer. 

The gain setting is accomplished by means of Pins 21 and 22 
(G1 and G2). A link between the two pins gives a preset gain of 
x 10 (x 50 on the 2S58) whereas no connections between them 
gives a preset gain of x 1 (x!0 on the 2S58). 

For intermediate gains a resistor should be connected between 
the pins (G1 and G2) according to the following equation: 


G = 


Rq + 


+ Goo 


where R G is the value of the external resistor in kfl and G is the 
realized gain. 


For the 2S54 and 2S56: 


Rj = 27 [kH] 
R 2 = 3 [k a] 

Goo = l 

For the 2S58: 

R 2 = 108 [kfl] 
R 2 = 2.7 [kfl] 
Goo = 10 


The internal resistors each have absolute accuracies of 0.02% at 
25°C. Their absolute temperature coefficient is ±25 ppm/°C. 
Therefore, if the temperature coefficient and absolute accuracy 
of the external gain setting resistor, R G , is known, the accuracy 
of the input gain stage can be calculated. This additional inaccu- 
racy must be added to the gain error of the converter. 

DIGITAL OUTPUT CODES 

The 2S56 series of converters employs an offset binary output 
code, the null position of the LVDT being represented by the 
MSB being high and all other bits low. Representative digital 
output codes are shown in Figure 2. For the 2S54 (14-bit resolu- 
tion), the two least significant bits are unused. 

NOTE: A negative position is defined as being when the VI 
and V REF are out of phase. A positive position is when they are 
in phase. 


Figure 1. Principle of Operation of the 2S56 Series OVERRANGE 

Converters The digital output code format shown in Figure 2 enables the 

user to determine if the LVDT has exceeded the negative or 
positive full-scale position and has gone into overrange. An indi- 
cation of overrange can be obtained by performing an “exclusive 
OR” on Bits 1 and 2 (MSB and 2nd MSB). Alternatively this 
function can be performed in software. 
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2S54/2S56/2S58 


OUTPUT CODES 


1000 0000 0000 


1011 1111 1111 


1101 1111 1111 


1111 1111 1111 



RATIO OF V2/V ref 


Figure 2. Output Code Format 


PHASE SHIFT AND QUADRATURE EFFECTS 

Reference to signal phase shift can be high in LVDTs, some- 
times in the order of 70 degrees. If the converter is connected as 
in Figures 3 and 4, any effects due to this phase shift are mini- 
mized. This connection method, therefore, provides outstanding 
benefits. 

The additional gain error caused by reference to signal phase 
shifts is given by: 

(1 - cosQ) x 100% ofFSR 

where 

0 = phase shift between V REF and VI. 

When the phase shift between V REF and VI is zero, additional 
quadrature on the signal will have no effect on the converter. 
This is another benefit of the conversion method. 


CONNECTING LVDTS 

Since all input connections to 2S56 converters are truly differen- 
tial, there is great flexibility in the input sensor connection con- 
figuration. Some of the various methods are shown in Figures 3, 
4 and 5. 

(It should be noted that a ground reference point should always 
be included and connected to either the V REF or VI inputs.) 

It is suggested that decoupling capacitors be connected in paral- 
lel between the power supply lines (+V S , -V s , +5 V) and 
GND, adjacent to the converter. Suggested values are: 6.8 |xF 
tantalum and 47 nF disc capacitors connected in parallel. When 
more than one converter is on a card, separate decoupling 
should be used for each converter, particularly the 47 nF 
capacitors. 

The +V S and the -V s pins should be connected to dc power 
supplies of the appropriate polarity in the range of ±15 V ±5%. 
Care should be taken to ensure that the polarity can never 
become reversed. The +5 V pins should be connected to a 
+ 5 V ±5% dc supply. The +5 V supply must never be allowed 
to go negative with respect to ground. 
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•BRIDGE COMPLETION RESISTORS ARE 
INTERNAL ONLY ON THE 2S54/2S56 

Figure 3. Half Bridge LVDT Connection 



•BRIDGE COMPLETION RESISTORS ARE 
INTERNAL ONLY ON THE 2S54/2S56 


Figure 4. Three - or Four-Wire LVDT Connection 


Rg 



PHASE LEAD - ARC TAN 



PHASE LAG = ARC TAN 2tt fRC 
— O 


O W\r 

R 


PHASE SHIFT CIRCUITS 


T 


Half Bridge Type LVDT Connection 
In this method of connection, shown in Figure 3, the internal 
bridge completion resistors, R1 and R2, in the 2S54 and 2S56 
are used. If this configuration is used with the 2S58, external 
precision resistors must be employed. The “BRIDGE COM- 
PLETION RESISTORS” in the SPECIFICATIONS section 
details the required precision. The internal resistors in the 2S54 
and 2S56 have nominal values of 10 kf l and are matched suffi- 
ciently to ensure that the null position of the LVDT is repre- 
sented by the correct output code. The common connection 
between the two resistors (i.e., Rc 2 to R C3 on the 2S54, 2S56) 
can be replaced by a potentiometer if the null needs to be 
adjusted. For differential measurements, the resistors can be 
replaced by another LVDT. The system is nonisolated. 

Three or Four Wire LVDT Connection 

In this method of connection, shown in Figure 4, the converters 
digital output is proportional to the ratio: 

(A-B) 

(A+B)/2 

where A and B are the individual LVDT secondary output volt- 
ages. Inspection of Figure 4 should demonstrate why this rela- 
tionship is true. (A-B) is simply the voltage across the series 
connected secondaries of the LVDT and is applied to the VI 
input to the converter. (A+B)/2 is effectively the average of 
the two secondary voltages as computed by the balanced bridge 
completion resistors and the grounding of the secondary 
center-tap. 

Note: This method of connection is appropriate only for 
where (A+B) is a constant, independent of LVDT position. 
Any lack of constancy in (A+B) will be reflected as an addi- 
tional non-linearity in the output. It is up to the user to deter- 
mine if (A+B) is sufficiently constant over the particular 
stroke length employed. (A+B)/2 can be monitored on the 
“REF O/P” pin. 

This method will usually restrict the usable LVDT range to 
half of its full range. The restriction can be eliminated, how- 
ever, by attenuating VI by a factor of 2 or increasing V REF by 
a factor of 2. 

This connection method has the tremendous advantage of being 
insensitive to temperature related phase shifts and excitation 
oscillator instabililty effects usually associated with more conven- 
tional LVDT conversion systems. 

As in the case of the Half Bridge Type LVDT Connection, R1 
and R2 are the bridge completion resistors (internal on the 
2S54, 2S56; external on the 2S58) and are matched to a degree 
sufficient to ensure that the digital output representing the null 
position does not vary from the LVDT’s natural null position. If 
null adjustment is required, a potentiometer can be used in 
place of the common connection between the two resistors. 

Two-Wire LVDT Connection 

This method should be used in cases where the sum of the 
LVDT secondary output voltages (A+B) is not constant with 
LVDT displacement over the desired stroke length. The method 
of connection, shown in Figure 5, still maintains the ratiometric 
operation and the insensitivity to variations in reference ampli- 
tude and frequency. However, the phase shift between V REF 
and VI should be minimized to maintain accuracy (see Section 
“PHASE SHIFT AND QUADRATURE EFFECTS”). Sug- 
gested phase compensation circuits are shown in Figure 5. 


Figure 5. Two-Wire LVDT Connection 
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MULTIPLEXING THE CONVERTERS 

Although the 2S56 series of converters are primarily intended 
for use as single channel, continuous conversion devices, they 
can also be used in small multiplexed systems as shown in Fig- 
ure 6. However, when switching between LVDT channels, 
ample time must be allowed for the converters to settle prior to 
transferring data. 

Using the 2S54/X40 as in Figure 6 and allowing a time between 
samples of 70 ms, the maximum settling time of the converter 
can yield four 14-bit results from the 4 LVDTs in 280 ms. The 
gain can be programmed, as shown, to accommodate various 
transformation rations of dissimilar LVDTs. Note, however, 
that the finite “ON” resistance of the analog switch used with 
the gain setting resistor can introduce gain inaccuracies. This 
error is minimized for lower gains as the “ON” resistance of the 
switch will be negligible compared to the gain setting resistor. 
The error introduced can be calculated from the equation for 
the preamplifier gain in the “INPUT GAIN” section. 

SCALING THE INPUTS 

In cases where there is a requirement for a particular LVDT 
stroke length to correspond to full-scale on the digital output, 
the input gain must be chosen accordingly. It is important to 
remember that it is the relationship between V2 and V REF , not 
VI and V REF , which determines the full-scale digital output. 
Furthermore, it should be ensured that these voltages are each 
2 V rms ±10%, respectively. For monitoring purposes, V2 is 
brought to the “DIFF O/P” pin and V REF is brought to the 
“REF O/P” pin. 



DYNAMIC PERFORMANCE 


The transfer function of the converters, shown in Figure 7 is 

given by: 

Open Loop Gain: 

Aoi/r _ K a 1 +sT\ 

&in 1+sT 2 


Closed Loop Gain: 



Aqut 

1 +sT: 


A IN 

1 + sT ] + S^/Ka + s 3 T 2 /K a 


where: 

k a T1 

T2 

2S54/56 X10 options 

12000 sec -2 14.7 ms 

2.3 ms 

2S54/56 X40 options 

93600 sec -2 5.9 ms 

1.0 ms 

2S58 

450000 sec -2 2.4 ms 

0.4 ms 

The gain and phase response of each of the three 

options is 


shown in Figures 8, 9, 10, 11, 12 and 13. 
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1 2 5 10 20 50 100 

FREQUENCY - Hz 

Figure 8. Gain Plot 410 and 510 Options ( 2S54/2S56 ) 



1 2 5 10 20 50 100 

FREQUENCY - Hz 


Figure 9. Phase Plot 410 and 510 Options ( 2S54/2S56 ) 




10 20 50 100 200 500 1000 10 20 50 100 200 500 1000 

FREQUENCY - Hz FREQUENCY - Hz 


Figure 10. Gain Plot 440 and 540 Options (2S54/2S56) Figure 11. Phase Plot 440 and 540 Options (2S54/2S56) 




10 20 50 100 200 500 1000 10 .20 50 100 200 500 1000 

FREQUENCY - Hz FREQUENCY - Hz 

Figure 12. Gain Plot for 2S58 Figure 13. Phase Plot for 2S58 
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ACCELERATION ERROR 

Tracking converters such as the 2S56 series, employing a type 2 
servo loop, do not suffer any velocity lag. However, there is 
an additional error when the LVDT is undergoing periods of 
acceleration. 

The additional error can be defined using the K a constant of 
the converter (see DYNAMIC PERFORMANCE section) as 
follows: 

_ Input acceleration 
a Error in output position 

where the numerator and the denominator are defined in the 
same units. 

K a does not define the maximum acceleration, only the error 
due to the acceleration. 

DATA TRANSFER 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, due 
to a change in displacement of the LVDT, the signal appearing 
on the converter’s BUSY output pin is a series of pulses of TTL 
levels. A BUSY pulse is initiated each time the input moves by 
the equivalent of an LSB and the internal up-down counter is 
incremented or decremented. 

With the INHIBIT input pin in the “Hi” state, data will be 
transferred automatically to the output latches. 

The two three-state enable inputs, ENABLE L and ENABLE 
M, allow the digital input to be transferred on to a data bus in 
two separate bytes. ENABLE M enables the most significant 8 
bits of the output word while ENABLE L enables the remain- 
ing least significant bits. 

Figure 14 shows the timing diagram. 

There are two methods of transferring the output data. The first 
is to detect the state of the “BUSY” which is ‘Hi” for 1 jxs max 


and then transfer the data when the BUSY is “Lo”. Both 
INHIBIT, ENABLE M and ENABLE L must be in their cor- 
rect state of “Hi” and “Lo” respectively, in order that the data 
is presented to the output. 

The alternative method is to use the INHIBIT input. Taking 
this input to a “Lo” state prevents the internal monostable cir- 
cuits being triggered and consequently the latches being 
updated. Data will always be valid 1 fxs after the application of a 
logic “Lo” to the INHIBIT. However, if INHIBIT is applied 
while BUSY is in the “Lo” state (with ENABLE M and 
ENABLE L also “Lo”), data is valid instantaneously. 

The internal tracking operation of the converter cannot in any 
way be affected by the logic state present on either the 
INHIBIT or the ENABLE pins. 

OTHER INPUTS AND OUTPUTS 
Differential Output (DIFF O/P) 

This signal is in fact V2 and is brought out to a pin in order to 
simplify scaling of the VI signal. 

Direction (DIR) 

This TTL output signal indicates the direction of the 
transducer. It is a logic “Hi” when counting up and a logic 
“Lo” when counting down. 

Reference Output (REF O/P) 

This is the reference signal after the input buffer stage. It can 
be used as a single ended measurement point for the V REF 
input. 

It can also be used as a BITE (Built in Test Equipment) signal 
to detect if the LVDT has become disconnected or the reference 
supply has failed. 

SUPPORT OSCILLATOR 

A power oscillator, O SC 175 8, is available for use as a reference 
generator for LVDT and RVDT transducers. It is capable of 
providing up to 7 volts rms at 1.4 VA. 


530 ns MAX 


MAX DEPENDS ON 


BUSY 

r "T n 

l 

365ns 1 
MAX 

H 

1 


70ns 

MIN 

r 


DATA VALID ^ 

VALID VALID 

-»J 600ns MIN 
Vs MAX 1 

k 


DIRECTION 


LOGIC 

STATE 

- HI 

— LO 


Figure 14. 2S56 Data Transfer Timing Diagram 


SYNCHRO & RESOLVER CONVERTERS 5-61 



PIN CONFIGURATIONS 


PIN FUNCTION DESCRIPTION 


BIT 9 

O 1 


40 O 

BIT 8 

BIT 10 

0 2 


39 0 

BIT 7 

BIT 11 

O 3 


38 0 

BIT 6 

BIT 12 

O 4 


37 O 

BIT 5 

BIT 13 

O 5 


36 O 

BIT 4 

BIT 14 

0 6 


35 O 

BIT 3 

BIT 15 

O 7 


34 O 

BIT 2 

BIT16(LSB) 

O 8 


33 O 

(MSB) BIT 1 

INH 

O 9 


32 O 

ENL 

BUSY 

O10 

TOP 

31 O 

ENM 

DIR 

on 

VIEW 

30 O 

GND 

AGND 

012 


29 O 

+ 5V 

Vref HI 

O 13 


28 O 

+ V S 

Vref LO 

O 14 


27 O 

-V s 

VI (A) 

015 


26 O 

Rci ] 

VI (B) 

O 16 


25 O 

RC2 

G1 

017 


24 O 

Rc3 ( N/C 0N ZS58 

G2 

018 


23 O 

RC4 J 

DIFF O/P 

019 


22 O 

TP 

REF O/P 

0 20 


21 O 

CASE 


N/C = NO CONNECT 


MEAN TIME BETWEEN FAILURES (MTBF) 

The predicted reliability of these converters is exceptionally high 
due to the extensive uses of LSI custom circuitry. Figure 15 
shows the MTBF of the 4YZ options as calculated according to 
MIL HDBK 217D at various temperatures under ground 
benign environment. For MTBF calculations under other envi- 
ronments, please consult the factory. 



TEMPERATURE - °C 


Figure 15. 


— V s Main negative power supply. 

+V S Main positive power supply. 

+5 V Logic power supply. 

GND Power supply ground. Digital ground. 

Bit 1-14 (2S54) Parallel output data bits. 

Bit 1-16 (2S56, 2S58)) 

INHIBIT Inhibit logic input. Taking this pin “Lo” 

inhibits data transfer from counter to 
output latches. The conversion loop 
continues to track. 


BUSY 


ENABLE M 


ENABLE L 


Rci 

Rc2 

Rc3 

Rc4 

DIR 


AGND 

Vref HI | 
Vref lo j 
VI (A) 1 
VI (B) 

G1 
G2 

DIFF O/P 
REF O/P 


CASE 


TP 


Converter BUSY. A “Hi” output indicates 
that the output latches are being updated. 
Data should not be transferred from the 
converter while BUSY is “Hi.” 

The 8 most significant output data bits are 
set to a high impedance state by 
application of a logic m. 

The 6 least significant bits of a 2S54, or 
the 8 least significant bits of a 2S56 “and 
2S58,” are set to a high impedance state 
by application of a logic “Hi.” 

Connections to Rl, internal bridge 
completion resistor (2S54/2S56 only). 

Connections to R2, internal bridge 
completion resistor (2S54/2S56 only). 

TTL output indicating the direction of 
movement of the transducer. 

Analog ground. 

Input pins for the Reference signal. 

Input pins for the Signal. 

A gain setting resistor, or a link, can be 
connected between these pins. 

This is a VI after scaling (V2). 

This is the reference signal after the input 
buffer stage. 

This should normally be grounded. Case 
can be taken to any voltage with a low 
impedance up to ±20 V. 

Test Point. Do not make connections to 
this pin. 
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2S54/2S56/2S58 


STANDARD PROCESSING 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 

Process Condition 

1. Preseal Burn In 64 Hours at +125°C 

2. Precap Visual Inspection In-House Criteria 

3. Seal Test, Fine and Gross In-House Criteria 

4. Final Electrical Test 

Extended temperature range versions receive additional 
processing as follows: 

4. Final Electrical Test Performed at Maximum and Mini- 
mum Operating Temperatures 


PROCESSING FOR HIGH RELIABILITY 

All extended temperature range models are available with high 
reliability screening. The parts are identified with a B suffix, 
and will receive the following processing. 


Process 

1. Preseal Burn In 

2. Precap Visual Inspection 

3. Temperature Cycling 

4. Constant Acceleration 

5. Interim Electrical Tests 

6. Operating Burn In 

7. Seal Test, Fine and Gross 

8. Final Electrical Testing 
(Group A) 

9. External Visual Inspection 


Conditions 
64 Hours at + 125°C 
MIL-STD-883, Method 2017 
10 Cycles, -65°C to + 150°C 
5000G, Y1 Plane 

96 Hours at +125°C 
MIL-STD-883, Method 1014 
Performed at T min , T AMB , 
and T max 

MIL-STD-883, Method 2009 


OTHER TRANSDUCER INTERFACE PRODUCTS 

2S80/2S81/2S82 10-16 Bit Variable Resolution Resolver to 

Digital Converter (Monolithic IC) 

2S50 10 Bit + Sign, LVDT to Digital 

Converter (Hybrid) 


OSC1758 Power Oscillator (Hybrid) 

IS 14/24/44/64 10-, 12-, 14-, and 16-Bit Resolver- 

to-Digital Converters with High Accuracy 
Velocity O/P 


1S74 

1S10/1S20/1S40/ 

1S60/1S61 

5S70/72 

IPA1764 


Variable Resolution (10 to 16 Bits) 
Resolver-to-Digital Converter with High 
Accuracy Velocity Output. 

10-, 12-, 14- and Two 16-Bit Inductosyn* 
Resolver-to-Digital Converters (Hybrid) 

Input Isolation Transformers for the IS 
Series of Converters. Also Convert from 
Synchro Format. 

Inductosyn Pre- Amplifier (Hybrid) 


*Inductosyn is a trademark of Farrand Industries, Inc. 


NOTE: Test and screening data can be supplied. Further infor- 
mation on request. 
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ORDERING INFORMATION 


N = 4 14-Bit Binary 

N = 6 16-Bit Binary 

N = 8 16-Bit Binary 
High Precision 


2S5N/ X Y OB 


L 

Y = 1 

Y = 4 

Y = 0 
X = 5 
X = 4 


High Reliability Process 


50 Hz Bandwidth (2S54, 2S56 Only) 
(Ref 360 Hz-5 kHz) 

140 Hz Bandwidth (2S54, 2S56 Only) 
(Ref 1 kHz-5 kHz) 

300 Hz Bandwidth (2S58 Only) 


0 to +70°C Operating Temperature Range 
-55°C to + 125°C Operating Temperature Range 
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ANALOG 

DEVICES 


Variable Resolution, Monolithic 
Resolver-to-Digital Converter 



FEATURES 

Monolithic (BiMOS II) Tracking R/D Converter 
40-Pin DIL Package 

10-, 12-, 14- and 16-Bit Resolution Set by User 

Ratiometric Conversion 

Low-Power Consumption - 300mW typ 

Dynamic Performance Set by User 

High Max Tracking Rate 1040 rps (10 Bits) 

Velocity Output 

Military Temperature Range Version 

APPLICATIONS 
Brushless Motor Control 
Process Control 

Numerical Control of Machine Tools 

Robotics 

Axis Control 

Military Servo Control 

GENERAL DESCRIPTION 

The 2S80 is a monolithic 10-, 12-, 14- or 16-bit tracking resolver- 
to-digital converter contained in a 40-pin, dual-in-line ceramic 
package. It is manufactured on a BiMOS II process that combines 
the advantages of CMOS logic and Bipolar high-accuracy linear 
circuits on the same chip. 


2S80 PIN CONFIGURATION 




PRODUCT HIGHLIGHTS 

Monolithic. A one-chip solution reduces the package size required 
and increases the reliability. 

Resolution Set by User. Two control pins are used to select the 
resolution of the 2S80 to be 10, 12, 14 or 16 bits allowing the 
user to use the 2S80 with the optimum resolution for each 
application. 


The converter allows users to select their own resolution and 
dynamic performance with external components. This allows 
the users great flexibility in defining the converter that best 
suits their system requirements. The converter allows users to 
select the resolution to be 10, 12, 14 or 16 bits and to track 
resolver signals rotating at up to 1040 revs per second (62,400 
rpm) when set to 10-bit resolution. 

The 2S80 converts resolver format input signals into a parallel 
natural binary digital word using a ratiometric tracking conversion 
method. This ensures high-noise immunity and tolerance of lead 
length when the converter is remote from the resolver. 

The 10-, 12-, 14- or 16-bit output word is in a three-state digital 
logic form available in 2 bytes on the 16 output data lines. BYTE 
SELECT, ENABLE and INHIBIT pins ensure easy data transfer 
to 8- and 16-bit data buses, and outputs are provided to allow 
for cycle or pitch counting in external counters. 


Ratiometric Tracking Conversion. Conversion technique pro- 
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and a tolerance to harmonic distortion on the 
reference and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components required 
are all low-cost preferred value resistors and capacitors and the 
component values are easy to select using the simple instructions 
given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization and velocity feedback data. 


An analog signal proportional to velocity is also available. Low-Power Consumption. Typically only 300mW. 


The 2S80 operates over 50 to 20,000 Hertz reference 
frequency. 


MODELS AVAILABLE 

Information on the models available is given in the section 
“Ordering Information.” 
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SPECIFICATIONS (typical at 25°C unless otherwise specified) 


Mode! 

2S80 

Units 

Notes 

TYPICAL CONVERTER PERFORMANCE (Connected as shown in Figure 1 ) 


Resolution 

10,12, 14 or 16 

bits 


Accuracy JD, SD Options 

±8 +1LSB 

arc mins 

Accuracy will be affected by the offset at the 

KD, TD Options 

±4 + 1LSB 

arc mins 

INTEGRATOR I/P. 

LD, UD Options 

±2 +1LSB 

arc mins 


Tracking Rate Range 




10-Bit Resolution 

0 to 1040 

rps 

User Selected, max rate limited to 1/16 of the 

12-Bit Resolution 

0 to 260 

rps 

reference frequency. 

14-Bit Resolution 

0to65 

rps 


16-Bit Resolution 

0 to 16.25 

rps 


Operating Frequency Range 

50 to 20,000 

Hz 


Repeatability of Position Output 

1 

LSB 


Bandwidth 

User Selectable 



Velocity Signal 



See “Using the Velocity Signal.” 

Linearity 




Over Full Range 

±1 

% of output 

See VCOspec. 

Reversion Error 

±1 

% 

With power supplies adjusted for best performance. 

Zero Offset 

+ 6 

mV 

For max tracking rate range. Depends on VCO I/P 




resistor (R6). 

7.prn Offset Temper; 

— 22 

fjt'vrC 

For max tracking rate range. Depends on VCO I/P 




resistor (R6). 

Gain Scaling Accuracy 

±10 

% FSD 


Output Voltage 

±8 

Vdc 


Noise and Ripple 




at LSB Rate 

2 

mV 

See section “Using the Velocity Output.” 

Dynamic Ripple (Peak) 

1.5 

% of mean output 


ANALOG INPUTS 




Protection 

All analog inputs are diode 



protected against overvoltage at ± 8 V . j 


REFERENCE INPUT 




Frequency 

50-20,000 



Voltage Level Nominal 

2 



Max 

11 



Input Bias Current 

60 (typ), 150 (max) 

Bfr 


Input Impedance 

>1 

m a 


SIGNAL INPUTS (SIN, COS) 




Frequency 

50-20,000 

Hz 


Allowable Phase Shift 




(Signal to Reference) 

10 

Degrees 


Voltage Level 

2, ± 10% 

V rms 


Input Bias Current 

60 (typ), 150 (max) 

nA 


Input Impedance 

>1 

M n 


Maximum Voltage Nominal 

±8 

V 


DIGITAL INPUTS 

TTL Compatible 


Except DATA LOAD and SHORT CYCLE INPUTS . 

INHIBIT 




Sense 

Logic LO to inhibit 



Time to Data Stable (After 

600 

ns 


Negative Going Edge of 




INHIBIT) 




DATA LOAD 




Sense 

Internally pulled up to + 12V. 

Connect when multiplexing the 2 S80 or when using 


Unconnected for normal operation. 

as a control transformer. 


Logic LO allows data to be loaded 

Ensure data lines are in high impedance state 


into the counters from the data lines. 

when loading data. 

SHORT CYCLE INPUTS (SCI , SC2) 





i 

Internally pulled up to + Vs- 


SCI 

SC2 

Used to select the resolution of the converter. 

For 10-Bit Resolution 

0 

0 

0 = Digital Ground. Drive low with open collector TTL. 

For 12-Bit Resolution 

0 

1 

1 = Open Circuit (internally pulled up through lOOkfl). 

For 14-Bit Resolution 

1 

0 


For 16-Bit Resolution 

1 

1 


BYTE SELECT 




Sense Logic HI 

8 MSBs selected on data lines 1 to 8 . 

The size of the LS Byte will be between 2 and 8 bits depending 


LS Byte selected on data lines 9 to 16. 

on the resolution selected. 

Logic LO 

LS Byte selected on data lines 1 to 8 



and 9 to 16. 



Time to Data Available 

150 (typ), 450 (max) 


ns 

(After Change in State) 
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2S80 


Model 

2S80 

Units 

Notes 

ENABLE 




Sense 

Logic LO to enable position outputs. 

Logic HI position outputs in high 



impedance state. 



Enable and Disable Times 

200 (typ), 550 (max) 

ns 


ANALOG OUTPUTS 




Protection 

Short-circuit output current 
limited to ± 8mA, ± 30%. 


Output Voltage Range, typ 

+ 9 to —9 

V 

With 1mA load. 

max 

+ 10.5 to -10.5 

V 


min 

+ 

00 

o 

f 

00 

V 


DIGITAL OUTPUTS 




Format 

V L = +5V 

TTL Compatible 

Voltage on V L sets the voltage level of the digital outputs. 


V L = +12V 

CMOS Compatible 


POSITION OUTPUTS 




Format 

Three-state natural binary 


Resolution 

10, 12,14orl6 

bits 


N umber of Data Lines 

16 



Max Load 

Monotonicity 

3 

LSTTL 


JD,KD,SD,TD Options 

Guaranteed to 14 bits 



LD and UD Options 

Guaranteed to 16 bits 



DIRECTION 




Sense 

Logic HI when counting up. 

Logic LO when counting down. 


Timing 

Only changes, if required, at start of output 



position data cycle. 



Max Load 

3 

LSTTL 


RIPPLE CLOCK 




Sense 

Positive going edge when counting up 
from all “ 1 s” and when counting down 
from all “Os” as data changes. 


Timing 

Edge occurs at least 300ns before change 



in DIR can occur. 



Width 

300 (min) 

ns 


Reset 

By start of next data update . ] 


Max Load 

3 

LSTTL 


BUSY 




Sense 

Logic HI when converter position output 



changing. 



Timing 

Positive going edge 50ns before change in j 



position output. 



Width typ 

300 

ns 


min 

200 

ns 


max 

600 

ns 


Max Load 

3 

LSTTL 


POWER SUPPLIES 



The 2S80 may latch up if + V s is applied without - Vs. 

Voltage Levels 




+ V S 

+ 12 ± 10% 

V 


-V s 

-12 ± 10% 

V 


+v L 

Current 

+ 5 to + 14 

V 

Over operating temperature range. 

+ V s , - V s at 12V 

12 (typ), 23 (max) 

mA 


+ V s , -V s at 13.2V 

19 (typ), 30 (max) 

mA 


+v L 

0.5 (typ), 1.5 (max) 

mA 


GENERAL 




Operating Temperature Range 




JD, KD, LD Options 

0 to +70 

°C 


SD, TD, UD Options 

-55 to +125 

°c 


Storage Temperature Range 

-60 to + 150 

°c 


(All Options) 

Weight 

0.2(5) 

oz (grams) 



SYNCHRO & RESOLVER CONVERTERS 5-67 
























CONVERTER CHARACTERISTICS 


Model 

2S80 

Units 

Notes 

RATIO MULTIPLIER 

Function 

AC ERROR output represents the 


AC ERROR Output Scaling 

10-Bit Resolution 

difference between the « 
and COS inputs compar 
output angle. 

177.6 

ingle at the SIN 
ed to the position 

mV/bit 


12-Bit Resolution 

44.4 

mV/bit 


14-Bit Resolution 

11.1 

mV/bit 


16-Bit Resolution 

2.775 

mV/bit 


Accuracy 

JD and SD Options 

±8 

arc mins 

Maximum over temp, range. 

KD and TD Options 

±4 

arc mins 


LD and UD Options 

±2 

arc mins 


Differential Nonlinearity 

JD, KD, SD, TD Options 

<1 

Bits in 14 

Guaranteed monotonic to 14 bits when connected in tracking mode. 

LD,UD Options 

<1 

Bits in 16 

Guaranteed monotonic to 16 bits when connected in tracking mode. 

PHASE SENSITIVE DETECTOR 
Output Offset Voltage 

12 (max) 

mV 

Specified over operating frequency range. Tested at 1kHz. 

Gain of Signal (dc Out, rms In) 

In Phase w.r.t. Reference 

In Quadrature w.r.t. Reference 
Input Bias Current 

-0.9 ±2% 

±0.02 (max) 

60(typ), 150 (max) 

nA 


Input Impedance 

>1 

Mfl 


Input Voltage Range 

+ 8 to — 8 

V 


INTEGRATOR 

Open Loop Gain at 10kHz 

60 ±3 

dB 


Dead Zone Current 

100 

nA/LSB 

See section “Integrator.” 

Input’Offset Voltage 

1 (typ), 5 (max) 

mV 


Input Bias Current 

60(typ), 150 (max) 

nA 


Output Voltage Range (min) 

+ 8 to - 8 

V 


Input Impedance 

>1 

Mfl 


Input Voltage Range 

+ 8 to — 8 

V 


VCO 

Maximum Rate 

1.1 

MHz 


VCO Rate 

7.4 ± 10% 

kHz/fxA 

With ± 12V supplies. 

VCO Rate Tempco 

-0.05 

%/°C 


Input Offset Voltage 

1 (typ), 5 (max) 

mV 


Input Bias Current 

120 (typ), 300 (max) 

nA 


Input Bias Current Tempco 

-0.55 

nA/°C 


Input Voltage Range 

— 8 to +8 

V 


Linearity of Absolute Rate 

Over Full Range 

± 1 (typ), ± 3 (max) 

% 


Over 0 to 50% of Max Range 

+ 1 (max) 

% 


Reversion Error 

<3 (max) 

% 

Symmetrical power supplies. 

Sensitivity of Reversion Error 

8 

%/V of Asymmetry 

See section “Using the Velocity Output.” 

to Symmetry of Power Supplies 





Specifications subject to change without notice. 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 

+ V S ‘ OV to + 14V dc 

-V s OV to — 14V dc 

+V L OVto+Vs 

Reference + 14V to - V s 

Sin + 14V to -V s 

Cos + 14V to -V s 

Any Logical Input -0.4V to + V L dc 

Demodulator Input + 14V to - Vs 

Integrator Input + 14V to - Vs 

VCO Input + 14V to -V s 


CAUTION: 

1. Correct polarity voltages must be maintained on the + Vs 
and - Vs pins. 
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2S80 


OPERATION OF THE CONVERTER 

When connected in a circuit such as is shown in Figure 1 the 
2S80 operates as a tracking resolver-to-digital converter and 
forms a type 2 closed loop system. This means that the output 
will automatically follow the input for speeds up to the selected 
maximum tracking rate. No convert command is necessary as 
the conversion is initiated by each LSB increment of the input. 
Each LSB increment of the converter initiates a BUSY pulse. 

Because the conversion depends on the ratio of the input signals 
the 2 S 80 is remarkably tolerant of input amplitude and frequency 
(there is no need of an accurate, stable oscillator to produce the 
reference signal). The inclusion of a phase sensitive detector in 
the conversion loop ensures a high immunity to signals that are 
not coherent or are in quadrature with the reference signal. 

Two major areas of the 2S80 specification can be selected by the 
user to optimize the total system performance. The resolution of 
the digital output is set by the state of the inputs SCI and SC2 
to be 10, 12, 14 or 16 bits and the dynamic characteristics of 
bandwidth and tracking rate are selected by the choice of external 
components. 

Position Output 

The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. 

As the digital output of the converter passes through the major 
carries, i.e., all “Is” to all “Os” or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in advance 
of a RIPPLE CLOCK pulse and, as it is internally latched, only 
changes with a change in direction. 

Both the RIPPLE CLOCK pulse and the DIRECTION data 
are unaffected by the application of the INHIBIT. 

The static accuracy quoted is the worst case error that can occur 
over the full operating temperature excluding the effect of offset 
signals at the INTEGRATOR INPUT (which can be trimmed 
out) and with the following conditions: input signal amplitudes 
are within 5% of the nominal values; signal and reference frequency 
is within the specified operating range; phase shift between 
signal and reference is less than 10 degrees; signal and reference 
waveform harmonic distortion is less than 10%. 

These test conditions are selected primarily to establish a repeat- 
able acceptance test procedure which can be traced to national 
standards. In practice, the 2S80 can be used well outside 
these operating conditions providing the following points are 
observed. 

Signal Amplitude (Sine and Cosine Inputs) 

The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the velocity signal. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value, the angular error 
will increase to an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 
response will also change, since the dynamic characteristics are 
proportional to the signal level. 


The 2S80 will not be damaged if the signal inputs are applied to 
the converter without the power supplies and/or the reference. 
Reference Voltage Level 

The amplitude of the reference signal applied to the converter’s 
input is not critical, but care should be taken to ensure it is 
kept below the absolute maximum voltage. 

The 2S80 will not be damaged if the reference is supplied to the 
converter without the power supplies and/or the signal inputs. 

Harmonic Distortion 

The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square waveforms can be used but the input levels should be 
adjusted so that the average value is 1.9V rms. (For example, a 
square wave should be 1.9V peak.) 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

Velocity Signal 

The tracking converter technique generates an internal signal at 
the output of the integrator (the INTEGRATOR OUTPUT 
Pin) that is proportional to the rate of change of the input angle. 
This is a dc analog output referred to as the VELOCITY signal. 

DC Error Signal 

The signal at the output of the phase sensitive detector 
(DEMODULATOR OUTPUT) is the signal to be nulled by the 
tracking loop and is therefore proportional to the error between 
the input angle and the output digital angle. This is the DC 
ERROR of the converter; and as the converter is a type 2 servo 
loop, it will increase if the output fails to track the input for any 
reason. It is an indication that the input has exceeded the maximum 
tracking rate of the converter or, due to some internal malfunction, 
the converter is unable to reach a null. By connecting two external 
comparators, this voltage can be used as a “built-in test”. 

CONNECTING THE CONVERTER 

The power supply voltages connected to + Vs and -Vs pins 
should be ± 12 V and must not be reversed. If one rail is connected 
without the other, the converter will not operate and may “latch 
up”. In this case, the removal of both rails is necessary in order 
for the converter to function correctly again. The voltage applied 
to V L can be +5V to +V S . 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines + Vs, - V s and ANALOG GROUND 
adjacent to the converter. Suggested values of lOOnF (ceramic) 
and 10|xF (tantalum). Decoupling capacitors of lOOnF and 10|xF 
should also be connected between + V L and DIGITAL GROUND 
adjacent to the converter. 

When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The resolver connections should be made to the SIN and COS 
inputs, REFERENCE INPUT and SIGNAL GROUND as 
shown in Figure 7 and described in section “CONNECTING 
THE RESOLVER”. The two signal ground wires from the 
resolver should be joined at the SIGNAL GROUND pin of the 
converter to minimize the coupling between the sine and cosine 
signals. For this reason it is also recommended that the resolver 
is connected using twisted pair cables with the sine, cosine and 
reference signals twisted separately. 

SIGNAL GROUND and ANALOG GROUND are connected 
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-12V 



Figure 1. 2S80 Connection Diagram 


internally. ANALOG GROUND and DIGITAL GROUND 
must be connected externally. 

The external components required should be connected as shown 
in Figure 1. 

SELECTING THE RESOLUTION 

The resolution of the 2S80 can be selected to be 10, 12, 14 or 
16 bits by use of the short cycling inputs SCI and SC2. The 
required resolution can be selected as shown in the specification 
section. 

The choice of resolution will affect the values of R4 and R6 
which scale the inputs to the integrator and the VCO respectively 
(see section “COMPONENT SELECTION”). If the resolution 
is changed, then new values of R4 and R6 must be switched 
into the circuit. 

Note: When changing resolution under dynamic conditions, a 
period of uncertainty will exist before position and velocity data 
is valid. 

COMPONENT SELECTION 

The following instructions describe how to select the external 
components to the converter in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest “preferred 
value” component should be used and a 5% tolerance will not 
degrade the overall performance of the converter. Care should 
be taken that the resistors and capacitors will function over the 
required operating temperature range. The components should 
be connected as shown in Figure 1. 

For more detailed information and explanation, see 
section “CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE”. 

1. HF Filter (Rl, R2, Cl, C2) 


The function of the HF filter is to reduce the amount of 
noise present on the signal inputs to the 2 S 80, reaching the 
Phase Sensitive Detector and affecting the outputs. Rl and 
C2 may be omitted - in which case R2 = R3 and Cl = C3, 
calculated below - but their use is particularly recommended 
if noise from a switch mode motor drive is present. 

Values should be chosen so that 
Rl = R2 56kO 


2tt Rl f R £F 

and f REF = Reference frequency (Hz) 

This filter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 

2. Gain Scaling Resistor (R4) 

If Rl, C2 are fitted then: 


bits resolution 
bits 
bits 
bits 

= Scaling at the DC ERROR in volts 

3. AC Coupling of Reference Input (R3, C3) 

Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 


R4 


,DC X in 


100 x 10~ 9 3 

If Rl, C2 are not fitted then: 
Edc 


R4 = 


100 x 10 


5 o 


where Edc = 160 x 10 3 for 10 
= 40 x 10~ 3 for 12 

= 10 x 10~ 3 for 14 

= 2.5 x 10~ 3 for 16 
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R3 = lOOkll 


PIN FUNCTIONS 


C3 > 


1 

10 s x f REF 


4. Maximum Tracking Rate (R6) 

The VCO input resistor R6 sets the maximum tracking rate 
of the converter and hence the velocity scaling as at the max 
tracking rate the velocity output will be 8V. 

Decide on your required maximum tracking rate, “T”, in 
revolutions per second. Note that “T” must not exceed the 
specified maximum tracking rate or 1/16 of the reference 
frequency. 


R6 


5.92 x 10 7 
T x p 


where p = bit per rev 

= 1,024 for 10 bits resolution 

= 4,096 for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 


REFERENCE I/P 
DEMOD I/P 
AC ERROR O/P 
COS 

ANALOG GROUND 
SIGNAL GROUND 


+ V S 

BIT 1 - BIT 16 
V L 

ENABLE 


BYTE SELECT 


5. Closed Loop Bandwidth Selection (C4, C5, R5) 

a. Choose the Closed Loop 3dB Bandwidth (f BW ) required 
ensuring that 

fREF > 2.5 x f BW 

Typical values may be 100Hz for 400Hz reference frequency 
and 500 to 1000Hz for 5kHz reference frequency. 

b. Select C4 so that 

C 4 = 20.2 x 1(T 3 
R6 x f BW 2 

with R6 in kO and f BW in Hz selected above. 

c. C5 is given by 

C5 = 5 x C4 

d. R5 is given by 

R5 = T S 11 

2 x 7T x fg^ x C5 

6. VCO Phase Compensation 

The following values of C6 and R7 should be fitted. 

C6 = 470pF R7 = 680 


INHIBIT 


DIGITAL GROUND 
SCI, SC2 

DATA LOAD 

BUSY 


DIRECTION 
RIPPLE CLOCK 


-V s 
VCO I/P 

INTEGRATOR I/P 
INTEGRATOR O/P 
DEMOD O/P 


Input pin for the Reference Signal. 
Demodulator input pin. 

Output of Ratio Multiplier. 

Input pin for Cosine signal from 
resolver. 

Power ground. 

Ground pin for signals from resolver. 
Input pin for Sine signal from 
resolver. 

Main positive power supply. 

Parallel output data bits. 

Logic power supply. 

Logic “HI” sets the output data bits 
to a high impedance state, a logic 
“LO” presents the data in the latches 
to the output pins. 

Selects the data output bits presented 
on data bits 1 to 8. Logic “HI” will 
present the 8 most significant bits; a 
logic “LO” will present the least sig- 
nificant byte. 

Logic “LO” inhibits the data transfer 
from the counter to the output 
latches. 

Ground pin for digital circuitry. 

Logic inputs used for selecting the 
resolution of the converter. 

Logic “LO” allows data to be loaded 
into the counters. 

Converter BUSY. A logic “HI” indi- 
cates that the output latches are being 
updated and data should not be 
transferred. 

Logic output indicating the direction 
of rotation of the input signals. 

A negative going pulse whenever the 
output of the converter changes from 
all “Is” top all “0s” or the converse. 
Main negative power supply. 

Input pin to VCO. 

Input pin of Integrator. 

Output pin of Integrator. 

Output pin of Demodulator. 



7. Offset Adjust 

Offset and bias current at the integrator input can cause an 
additional positional offset at the output of the converter of 1 
arc min typical, 5.3 arc mins maximum. If this can be tolerated, 
then R8 and R9 can be omitted from the circuit. 

If fitted, the following values of R8 and R9 should be used: 
R8 = 4.7MD, R9 = lMfl potentiometer. 

To adjust for zero offset, ensure the resolver is disconnected 
and all the other external components are fitted. Connect the 
COS pin to the REFERENCE INPUT and the SIN pin to 
the SIGNAL GROUND and with the power and reference 
applied, adjust the potentiometer to give all “0s” on the 
digital output bits. 

The potentiometer may be replaced by select on test resistors 
if preferred. 


DATA TRANSFER 

To transfer data the INHIBIT input should be used. The data 
will be valid 600ns after the application of a logic “Lo” to the 
INHIBIT. This is regardless of the time when the INHIBIT is 
applied and allows time for an active BUSY to clear. By using 
the ENABLE input the two bytes of data can be transferred 
after which the INHIBIT should be returned to a logic “Hi” 
state to enable the output latches to be updated. 

BUSY Output: 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
counter is incremented or decremented. 
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INHIBIT Input: 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

ENABLE Input: 

The ENABLE input determines the state of the output data. A 
logic “Hi” maintains the output data pins in the high impedance 
condition, and application of a logic “Lo” presents the data in 
the latches to the output pins. The operation of the ENABLE 
has no effect on the conversion process. 

BYTE SELECT Input: 

The BYTE SELECT input selects the byte of position data to 
be presented at the data output bits 1 to 8. The least significant 
byte will be presented on data output bits 9 to 16 (with the 
ENABLE input taken to a logic “Lo”) regardless of the state of 
the BYTE SELECT pin. Note that when the 2S80 is used with 
a resolution less than 16 bits the unused data lines are pulled to 
a logic “Lo”. A logic “Hi” on the BYTE SELECT input will 
present the eight most significant data bits on data output Bits 1 
and 8. A logic “Lo” will present the least significant byte on 
data outputs 1 to 8, i.e., data outputs 1 to 8 will duplicate data 
outputs 9 to 16. 

The operation of the BYTE SELECT has no effect on the 
conversion process of the converter. 

RIPPLE CLOCK Output: 

As the output of the converter passes through the major carry, 
i.e., all “Is” to all “Os” or the converse, a positive going edge 
on the RIPPLE CLOCK (RC) output is initiated indicating that 
a revolution, or a pitch, of the input has been completed. The 
pulse has a minimum width of 300ns and is reset by the start of 
the next data update cycle. 

DIRECTION Output: 

The DIRECTION (DIR) logic output indicates the direction of 
the input rotation, and this data is valid in advance of the RIPPLE 
CLOCK pulse and stays valid until the direction changes. This 
is the start of the next data update cycle - if the direction of 
rotation of the inputs has changed - and will be at least 300ns 
after the rising edge of the RIPPLE clock (see Figure 2). 

The DIR and RC outputs are unaffected by the state of the 
INHIBIT input. 


MAX DEPENDS ON 



RIPPLE 
CLOCK IRC) 


DIR 


RESET BY START OF NEXT DATA 
UPDATE 




V 


300ns min 



START OF NEXT DATA UPDATE 


Figure 2. Timing Diagram 


CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE 

The 2S80 allows the user great flexibility in choosing the dynamic 
characteristics of the resolver-to-digital conversion to ensure the 
optimum system performance. The characteristics are set by the 
external components shown in Figure 1, and the section “COM- 
PONENT SELECTION” explains how to select desired maximum 
tracking rate and bandwidth values. The following paragraphs 
explain in greater detail the circuit of the 2S80 and the variations 
in the dynamic performance available to the user. 

Loop Compensation 

The 2S80 (connected as shown in Figure 1) behaves as a type 2 
tracking servo loop where the VCO/counter combination and 
the Integrator perform the two integration functions inherent in 
a type 2 loop. 

Additional compensation in the form of a pole/zero pair is required 
to stabilize any type 2 loop to avoid the loop gain characteristic 
crossing the OdB axis with 180° of additional phase lag, as shown 
in Figure 4. This compensation is implemented by the integrator 
components (R4, C4, R5, C5). 

The overall response of such a system is that of a unity gain 
second order low pass filter, with the angle of the resolver as 
the input and the digital position data as the output. 

The 2S80 does not have to be connected as tracking converter, 
parts of the circuit can be used independently. This is particularily 
true of the Ratio Multiplier which can be used as a control 
transformer. 

A block diagram of the 2S80 is given in Figure 3. 

Ratio Multiplier 

The Ratio Multiplier is the input section of the 2S80 and compares 
the signal from the resolver inputs, 6, to the digital angle, 4>, 
held in the counter. Any difference between these two angles 
results in an analog voltage at the AC ERROR OUTPUT. This 
circuit function has historically been called a “Control Trans- 
former” as it was originally performed by a mechanical device 
known by that name. 

The AC ERROR signal is given by 
A1 sin (0-<J>) sinwt. 
where w = 2 tt f mgp 

fREF — reference frequency 

Al, the gain of the ratio multiplier stage is 14.5 times 

So for 2V rms inputs signals 
AC ERROR output in volts/(bit of error) 

= 2 x sin x AI 

where p = bits per rev 

= 1,024 for 10 bits resolution 
= 4,0% for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

Giving AC ERROR output 

= 178mV rms/bit @ 10 bits resolution 
= 44.5mV rms/bit @ 12 bits 
= 11.125mV rms/bit @ 14 bits 
= 2.78mV rms/bit @ 16 bits 

The Ratio Multiplier will operate in exactly the same way whether 
the 2S80 is connected as a tracking converter or as a control 
transformer, where data is preset into the counters using the 
DATA LOAD pin. 
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HF Filter 

The AC ERROR OUTPUT may be fed to the PSD via a simple 
ac coupling network (R2, Cl) to remove any DC offset at this 
point. Note, however, that the PSD of the 2S80 is a wideband 
demodulator and is capable of aliasing HF noise down to within 
the loop bandwidth. This is most likely to happen where the 
resolver is situated in particularly noisy environments, and the 
user is advised to fit a simple HF filter Rl, C2 prior to the 
phase sensitive demodulator. 

The attenuation and frequency response of a filter will affect the 
loop gain and must be taken into account in deriving the loop 
transfer function. The suggested filter (Rl, Cl, R2, C2) is 
shown in Figure 1 and gives an attenuation at the reference 
frequency (fREF) of 3 times at the input to the phase sensitive 
demodulator. 

Values of the components used in the filter must be chosen to 
ensure that the phase shift at fREF is within the allowable signal 
to reference phase shift of the converter. 

Phase Sensitive Demodulator 

The Phase Sensitive Demodulator is effectively ideal and develops 
a mean dc output at the DEMODULATOR OUTPUT pin of 

X (DEMODULATOR INPUT rms voltage) 


for sinusoidal signals in phase or antiphase with the reference 
(for a square wave the DEMODULATOR OUTPUT voltage 
will equal the DEMODULATOR INPUT). This provides a 
signal at the DEMODULATOR OUTPUT which is a dc level 
proportional to the positional error of the converter. 

DC Error Scaling = 160mV/bit (10 bits resolution) 

= 40mV/bit (12 bits resolution) 

= lOmV/bit (14 bits resolution) 

= 2.5mV/bit (16 bits resolution) 

When the tracking loop is closed, this error is nulled to zero 
unless the converter input angle is accelerating. 

Integrator 

The integrator components (R4, C4, R5, C5) are external to the 
2S80 to allow the user to determine the optimum dynamic char- 
acteristics for any given application. The section “COMPONENT 
SELECTION” explains how to select components for a chosen 
bandwidth. 

Since the output from the integrator is fed to the VCO INPUT, 
it is proportional to velocity (rate of change of output angle) and 
can be scaled by selection of R6, the VCO input resistor. This 
is explained in the section “VOLTAGE CONTROLLED 
OSCILLATOR (VCO)” below. 

To prevent the converter from “flickering” (i.e., continually 
toggling by ± I bit when the quantized digital angle, 4>, is not 
an exact representation of the input angle, 0) feedback is internally 
applied from the VCO to the integrator input to ensure that the 
VCO will only update the counter when the error is greater than 
or equal to 1 bit. In order to ensure that this feedback “hysteresis” 
is set to 1LSB the input current to the integrator must be scaled 
to be lOOnA/bit. So, 


DC Error Scaling (mV/bit) 
100 (n A/bit) 


Any offset at the input of the integrator will affect the accuracy 
of the conversion as it will be treated as an error signal and 
offset the digital output. One LSB of extra error will be 


added for each lOOnA of input bias current. The method of 
adjusting out this offset is given in the section “COMPONENT 
SELECTION”. 


Voltage Controlled Oscillator (VCO) 

The VCO is essentially a simple integrator feeding a pair of dc 
level comparators. Whenever the integrator output reaches one 
of the comparator threshold voltages, a fixed charge is injected 
into the integrator input to balance the input current. At the 
same time the counter is clocked either up or down, dependent 
on the polarity of the input current. In this way the counter is 
clocked at a rate proportional to the magnitude of the input 
current of the VCO. 

During the reset period the input continues to be integrated 
although the reset period is constant at 400ns. 

The VCO rate is fixed for a given input current by the VCO 
scaling factor, 

= 7.4kHz/|mA 

The tracking rate in rps per |xA of VCO input current can be 
found by dividing the VCO scaling factor by the number of 
LSB changes per rev (i.e., 4096 for 12-bit resolution). 

The input resistor R6 determines the scaling between the converter 
velocity signal voltage at the INTEGRATOR OUTPUT pin and 
the VCO input current. Thus to achieve a 5V output at 100 rps 
(6000 rpm) and 12-bit resolution the VCO input current must 
be: 

(100 x 4096)/(7400) = 55.3|xA 
Thus, R6 would be set to: 5/(553 x HU 6 ) = 90kft 

The velocity offset voltage depends on the VCO input resistor, 
R6, and the VCO bias current and is given by 

Velocity Offset Voltage = R6 x (VCO bias current) 

The temperature coefficient of this offset is given by 

Velocity Offset Tempco = R6 x (VCO bias current 
tempco) 

where the VCO bias current tempco is typically -0.55nA/°C. 

The maximum recommended rate for the VCO is 1.1 MHz which 
sets the maximum possible tracking rate. 

Since the maximum voltage swing available at the integrator 
output is ± 8V, this implies that the minimum value for R6 is 
54kO. As 


Max Current = 


Min Value R* = 


LI x 10 6 
7.4 x 10 3 
8 


= 149|xA 


I A, sin (0 -<f>)sinu>t| DEMODULATOR 


DIGITAL DIRECTION | 


Figure 3. 2S80 Functional Diagram 
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Transfer Function 

By selecting components using the method outlined in the section 
“Component Selection” the converter will have a critically damped 
time response and maximum phase margin. The Closed-Loop 
Transfer Function is given by: 

Qqut 14 (1 + s N ) 

Gin ( s n + 2.4) (s N 2 + 3.4 s N + 5.8) 
where, s N , the normalized frequency variable is 



0.02f B w 0.04f BW 0.1 f B w 0.2f B w 0.4f B w fsw 2f B w 
FREQUENCY 



0.02f BW 0.04f BW 0.1f B w 0.2f BW 0.4f B w f B w 2f B w 


Figure 5. 2S80 Phase Plot 


and f B w is the closed-loop 3dB bandwidth (selected by the choice 
of external components). 

The acceleration constant, Ka, is given approximately by 
K a = 6 x (f BW ) 2 sec’ 2 

The normalized gain and phase diagrams are given in Figures 4 
and 5. 

The small signal step response is shown in Figure 6. The time 
from the step to the first peak is ti and the t 2 is the time from 
the step until the converter as settled to 1LSB. The times tj and 
t 2 are given approximately by 



where R = resolution, i.e., 10, 12, 14 or 16. 

The large signal step response (for steps greater than 10 degrees) 
applies when the error voltage will exceed the linear range of 
the converter. Typically the converter will take 3 times longer 
to reach the first peak for a 179 degrees step. 

The response to a velocity step, the velocity output will exhibit 
the same time response characteristics as outlined above for the 
position output. 

OUTPUT 

POSITION 



TIME 


Figure 6. 2S80 Small Step Response 


APPLICATIONS 

USING THE 2S80 AS A CONTROL TRANSFORMER 

The ratio multiplier section of the 2S80 can be used independently 
to the rest of the converter to perform the function of Control 
Transformer. In this mode the signal from the resolver inputs, 

0, is compared to a digital angle, <f>, loaded into the counters. 
Any difference between these two angles results in an analog 
voltage at the AC ERROR OUTPUT. To use the device in this 
way the DATA LOAD pin is used. 

Applying a logic “Lo” to the DATA LOAD pin will allow data 
to be loaded into the counters of the converter from the data 
lines. It is important that the data lines are placed in the high 
impedance state before loading data. 

To operate the 2S80 as a tracking resolver-to-digital converter 
the DATA LOAD pin should be left unconnected as it is pulled 
high internally to + 12V. 


CAUSES OF ADDITIONAL ERROR 

Integrator Offset 

Additional inaccuracies in the conversion of the resolver signals 
will result from an offset at the input to the integrator as it will 


be treated as an error signal. This error will be typically 1 arc 
minute over the operating temperature range. 

A description of how to adjust for zero offset is given in the 
section “COMPONENT SELECTION” and the circuit required 
is shown in Figure 1 . 

Differential Phase Shift 

Phase shift between the sine and the cosine signals from the 
resolver is known as differential phase shift and can cause static 
error. Some differential phase shift will be present on all resolvers 
as a result of coupling. A. small resolver residual voltage (quadrature 
voltage) indicates a small differential phase shift. Additional 
phase shift can be introduced if the sine channel wires and the 
cosine channel wires are treated differently. For instance, different 
cable lengths or different loads could cause differential phase 
shift. 

The additional error caused by differential phase shift on the 
input signals approximates to 

Error = 0.53 a. b arc minutes 

where a = differential phase shift in degrees 
and b = signal to reference phase shift in degrees. 
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2S80 


This error can be minimized by choosing a resolver with a small 
residual voltge, ensuring that the sine and cosine signals are 
handled identically and removing the reference phase shift (see 
section “CONNECTING THE RESOLVER”). By taking these 
precautions, the extra error can be made insignificant. 


Resolver Phase Shift 

Under static operating conditions phase shift between the reference 
and the signal lines alone will not theoretically affect the converter’s 
static accuracy. 

However, most resolvers exhibit a phase shift between the signal 
and the reference. This phase shift will give rise under dynamic 
conditions to an additional error defined by: 

Shaft Speed (rps) x Phase Shift (Degs) 

Reference Frequency 

For example, for a phase shift of 20 degrees, a shaft rotation of 
22rps and a reference frequency of 5 kHz, the converter will 
exhibit an additional error of: 


22 x 20 
5000 


0.088 degrees 


This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver (see section “CONNECTING THE RESOLVER”). 

NOTE: Capacitive and inductive crosstalk in the signal and 
reference leads and wiring can cause similar problems. 


USING THE VELOCITY SIGNAL 

The signal at the INTEGRATOR OUTPUT pin relative to the 
ANALOG GROUND pin is an analog voltage proportional to 
the rate of change of the input angle. This signal can be used to 
stabilize servo loops or in place of a velocity transducer. Although 
the conversion loop of the 2S80 includes a digital section there 
is an additional totally analog feedback loop around the velocity 
signal. This ensures that there is no digital effects on the output 
signal and that the loop is closed even when the input signals 
are such that the digital output does not change. 

A better quality velocity signal will be achieved if the following 
points are considered. 

1. Protection. 

The velocity signal should be buffered before use. 

2. Reversion Error. 

If necessary, the reversion error can be reduced by a simple 
trimming circuit. Reversion error, or side-to-side nonlinearity, 
is a result of differences in the up and down rates of the 
VCO. The reversion error can be nulled by varying one 
supply rail relative to the other. 

3. Ripple and Noise. 

Noise on the input signals to the converter is the major 
cause of noise on the velocity signal. This can be reduced 
to a minimum if the following precautions are taken: 

The resolver is connected to the converter using separate 
screened twisted pair cable for the sine, cosine and reference 
signals. 

Care is taken to reduce the external noise wherever possible. 

An HF filter is fitted before the Phase Sensitive Demodulator 
(as described in the section HF FILTER). 


A resolver is chosen that has a low residual voltage, i.e., a 
small signal in quadrature with the reference. 

Components are selected to operate the 2S80 with the lowest 
acceptable bandwidth. 

Feedthrough of the reference frequency should be removed 
by a filter on the velocity signal. 

The signal voltages are 2V rms to prevent a ripple at the 
LSB switching rate. This is because the 1LSB of analog 
feedback that prevents the output from flickering will be 
incorrectly scaled (see section “INTEGRATOR”). 

If the above precautions are taken, a very good noise and 
ripple performance is obtainable making the 2S80 velocity 
signal usable in very noisy environments, for instance in 
motor drive applications with PWM switching noise. 

The positional error curve of the converter and the resolver 
will result in an apparent acceleration when the resolver is 
rotating at a constant velocity. The main result of this will be 
a ripple on the velocity signal twice per revolution. 


CONNECTING THE RESOLVER 

The recommended connection circuit is shown in Figure 7. 



Figure 7. Connecting the 2S80 to a Resolver 

In cases where the reference phase relative to the input signals 
from the resolver requires adjustment, this can be easily achieved 
by varying the value of the resistor R2 of the HF filter (see 
Figure 1). 

Assuming that R1 =R2 = R and Cl = C2 = C 

and Reference Frequency = - — 

2tt K L. 

By altering the value of R2 the phase of the reference relative to 
the input signals will change in an approximately linear manner 
for phase shifts of up to 10 degrees. 

Increasing R2 by 10% introduces a phase lag of 2 degrees. 
Decreasing R2 by 10% introduces a phase lead of 2 degrees. 

For signal and reference voltages greater than 2V rms a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter. Care should be taken to 
ensure that the ratios of the resistors between the sine signal 
line and ground and the cosine signal line and ground are the 
same. Any difference will result in an additional position error. 
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Figure 8. 


TYPICAL CIRCUIT CONFIGURATION 

Figure 8 shows a typical circuit configuration for the 2S80 in a 
12-bit resolution mode. Values of the external components have 
been chosen for a reference frequency of 5 kHz and to give a 
maximum tracking rate of 260 rps and a bandwidth of 520Hz. 
The resistors are 0.125W, 5% tolerance preferred values. The 
capacitors are 100V ceramic, 10% tolerance components. 

An offset adjustment potentiometer is included at the integrator 
input to remove the offset error. Obviously this can be left out 
of the circuit if the extra inaccuracy can be tolerated. 



Figure 9. Large Step Response Curves for Typical Circuit 
Shown in Figure 8 


ORDERING INFORMATION 


Model 

Accuracy 
(Arc mins) 

Operating 

Temperature 

Range 

(°C) 

Package 

Option* 

2S80JD 

8 

Oto +70 

D-40 

2S80KD 

4 

0 to + 70 

D-40 

2S80LD 

2 

0 to + 70 

D-40 

2S80SD 

8 

-55 to + 125 

D-40 

2S80TD 

4 

-55 to + 125 

D-40 

2S80UD 

2 

-55 to + 125 

D-40 


*See Section 14 for package outline information. 
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ANALOG 

DEVICES 


Low-Cost, Monolithic 12-Bit 
Resolver-to- Digital Converter 


2S81 


FEATURES 
Low Cost 

Monolithic Construction 

28-Pin DIP Package 

Ratiometric Conversion 

Low Power Consumption: 300mW typical 

Dynamic Performance Set by User 

High Tracking Rate: 260 rps max 

Velocity Output 

APPLICATIONS 
Brushless Motor Control 
Programmable Limit Switches 
Process Control 

Numerical Control of Machine Tools 

Robotics 

Axis Control 


2S81 PIN CONFIGURATION 


REFERENCE l/P [~7~ 

• 

3 

DEMODI/P (T 


3 

A.C. ERROR O/P |jT 


3 

COSI/P [T 


i 

ANALOG GND [T 


3 

SIN I/P [~6~ 

2S81 

3 

FV S [T 


3 

MSB BIT 1 [jeT 

TOP VIEW 
(Not to Scale) 

3 

BIT 2 |Tj 


3 

BIT 3 [l£ 


3 

BIT 4 in 


3 

BIT 5 [iT 


3 

BIT 6 [iT 


3 

BIT 7 [TT 


3 


DEMOD O/P 

INTEGRATOR O/P 

INTEGRATOR I/P 

V.C.O. I/P 

-V s 

RC 

DIR 

BUSY 

DIGITAL GND 
INHIBIT 
BYTE SELECT 
ENABLE 
+ V L 

BIT 8 LSB 


GENERAL DESCRIPTION 

The 2S81 is a monolithic 12-bit tracking resolver-to-digital con- 
verter packaged in a 28-pin DIP. It is manufactured in Analog 
Devices’ proprietary BiMOS II process which combines high- 
density and low-power CMOS logic with high-accuracy bipolar 
linear circuitry. 

The converter can track resolver signals at rates up to 260 revo- 
lutions per second (15,600 rpm). Users can set the converter’s 
dynamic performance with external components, providing 
greater flexibility in tailoring the converter to suit system 
requirements. 

The 2S81 converts resolver format input signals into a 12-bit 
natural binary digital word using a ratiometric tracking conversion 
method. This ensures high noise immunity and tolerance of 
long lead lengths when the converter is located remotely from 
the resolver. The 12-bit output word is in a three-state digital 
logic form, available in 2 bytes on the 8 output data lines. BYTE 
SELECT and INHIBIT pins ensure easy data transfer. In addition, 
output pins are available to permit the use of external counters 
to count cycle or pitch. An analog signal proportional to velocity 
is also available. 


PRODUCT HIGHLIGHTS 

Monolithic: The single-chip construction reduces package size 
and increases inherent reliability. 

Low Cost: The use of a single integrated circuit to perform the 
conversion ensures low cost. 

Ratiometric Tracking Conversion: Conversion technique pro- 
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerates harmonic distortion in the reference 
and input signals. 

Dynamic Performance Set by User: By selecting external resistor 
and capacitor values, the user can determine bandwidth, maximum 
tracking rate and velocity scaling of the converter to match the 
system requirements. The external components required are all 
low-cost preferred value resistors and capacitors. 

Velocity Output: An analog signal proportional to velocity is 
linear to 1% (typical). This can be used in place of a velocity 
transducer in many applications to provide loop stabilization 
and velocity feedback data. 

MODELS AVAILABLE 

The 2S81 operates over 0 to +70°C temperature range. The 
reference frequency can range from 400 to 20,000Hz. 
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SPECIFICATIONS 


(typical at 25°C unless otherwise specified) 


Model 

2S81JD 

Units 

Notes 

OVERALL CONVERTER SPECIFICATIONS 




(CONNECTED AS SHOWN IN FIGURE 1) 




Resolution 

12 

Bits 


Accuracy 

±30 + 1LSB 

Arc Minutes 

Accuracy will be Affected by the Offset 




at the INTEGRATOR I/P. 

Tracking Rate Range 

0 to 260 (max) 

rps 

User Selected, Max Rate Limited at 




Lower Operating Frequencies. 

Operating Frequency Range 

400 to 20,000 

Hz 


Repeatability of Position Output 

1 

LSB 


Bandwidth 

User Selectable 



Velocity Signal 



See “Using the Velocity Signal” 

Linearity Over Full Range 

± 1 (typ), ± 3 (max) 

% 


Over 0 to 6000 rpm 

± 1 (max) 

% 


Reversion Error 

± 5 (max) 

% 

Symmetry of - V s and + V s Power 




Supplies to be within ± 5% . 


± 2 (max) 

% 

With — V s Ad justed for Best 




Performance. 

Zero Offset (for 260 rps Max 




Tracking Rate) 

± 6 (typ) + 16 (max) 

mV 

Depends on V CO I/P Resistor (R6). 

Zero Offset Tempco (for 260 rps Max 




Tracking Rate) 

-22 

p,V/°C 

Depends on VCO I/PResistor (R6). 

Gain Scaling Accuracy 

±10 

% FSD 


Output Voltage 

±8 

Vdc 


Noise and Ripple (av-pk) 

1.5 

% 

See Section “Using the Velocity Signal” 

ANALOG INPUTS 




Protection 

All Analog Inputs Are Diode Protected 



Against Overvoltage at 

> 

0© 

+1 


REFERENCE INPUT 




Frequency 

400 - 20,000 

Hz 


Voltage Level Nominal 

2 

V rms 


max 

11 

Vpeak 


Input Bias Current 

60 (typ), 150 (max) 

nA 


Input Impedance 

>1 

MU 


SIGNAL INPUTS (SIN, COS) 




Frequency 

400-20,000 

Hz 


Allowable Phase Shift (Signal to Reference) 

10 

Degrees 


Voltage Level 

2, ± 10% 

V rms 


Input Bias Current 

60 (typ), 150 (max) 

nA 


Input Impedance 

>1 

Mfl 


Maximum Voltage Nominal 

±8 

V 


DIGITAL INPUTS 

TTL-Compatible 



INHIBIT 




Sense 

Logic LO to Inhibit 



Time to Data Stable (After Negative Going 

1 

|AS 


Edge of INHIBIT) 




BYTE SELECT 




Sense 

Logic HI Selects 8MSBs on Pins 8-15 



Logic LO Selects 4LSBs on Pins 8-11; 



Pins 12-15 Are Logic LO 


Data Available 




(After Change in State) 

150 (typ), 450 (max) 

ns 


ENABLE 




Sense 

Logic LO to Enable Position Outputs 



Logic HI Position Outputs in High Impedance State 

Enable and Disable Times 

200 (typ), 550 (max) 

ns 


ANALOG OUTPUTS 




Protection 

Short Circuit Output Current Limited to 

± 8mA, ± 30% 


Output Voltage Range Will Be Degraded for Currents >3mA 

Output Voltage Range (typ) 

+ 9 to - 9 

V 


(max) 

+ 10.5 to -10.5 

V 


(min) 

+ 8 to — 8 

V 


DIGITAL OUTPUTS 




Format 

V L =+5V TTL Compatible 

Voltage on V L Sets the Voltage 


V L = + 12V CMOS Compatible 

Level of Digital Outputs. 


5-78 SYNCHRO & RESOLVER CONVERTERS 










2S81 


Model 

2S81JD 

Units Notes 

POSITION OUTPUTS 



Format 

Three-State Natural Binary 

Resolution 

12 

Bits 

Number of Data Lines 

8 

Pins 8 to 1 5 

Max Load 

3 

LSTTL 

Monotonicity 

Guaranteed 


DIRECTION (DIR) 



Sense 

Logic “HI” When Counting Up 


Logic “LO” When Counting Down 

Timing 

Only Changes, if Required, at Start of 


Output Position Data Update Cycle 

Max Load 

3 

LSTTL 

RIPPLE CLOCK (RC) 



Sense 

Positive Going Edge When Counting Up from 


All “Is” and When Counting Down from All “Os” 


as Data Changes 


Timing 

Edge Occurs at Least 300ns Before Change in 


DIR Can Occur 


Width (min) 

300 

ns 

Reset 

By Start of Next Data Update 

Max Load 

3 

LSTTL 

BUSY 



Sense 

Logic “HI” When Converter Position Output Changing 

Timing 

Positive Going Edge 50ns Before Change in Position Output 

Width (typ) 

300 

ns 

(min) 

200 

ns 

(max) 

600 

ns 

Load, (max) 

3 

LSTTL 

POWER SUPPLIES 


The Device May Latch Up If + Vs 



is Applied without - Vs- 

Voltage Levels 



+ V S 

+ 12 ± 10% 

V 

-V s 

- 12 ± 10% 

V 

+v L 5 

+ 5 to + 14 

V 

Current 



+ V S 

12 (typ), 23 (max) 

mA 

-V s 

12 (typ), 23 (max) 

mA 

+v L 

0.5 (typ), 1.5 (max) 

mA 

Power Dissipation 

300 (typ), 600 (max) 

mW 

GENERAL 



Operating Temperature Range 

0 to + 70 

°C 

Storage Temperature Range 

-65 to + 150 

°C 

Weight 

0.2(5) 

Oz. (Grams) 
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Model 

2S81JD 

Units 

Notes 

CONVERTER CHARACTERISTICS 

RATIO MULTIPLIER 

Function 

AC ERROR Output Represents the Difference 


between the Angle at the SIN and COS Inputs 

AC Error Output Scaling 

Compared to the Position Output Angle 
44.4 mV/Bit 


Accuracy 

30 

Arc Minutes 


Differential Nonlinearity 

±0.25 (max) 

LSB 


PHASE SENSITIVE DETECTOR 

Output Offset Voltage (max) 

15 

mV 

Specified Over the Operating 

Frequency Range. Tested at 1kHz. 

Gain of Signal (dc out, rms in) 

In Phase w.r.t. Reference 

In Quadrature w.r.t. Reference 

Input Bias Current 

-0.9 ±2% 

±0.02 (max) 

60 (typ), 150 (max) 

nA 


Input Impedance 

>1 

MO 


Input Voltage Range 

+ 8 to — 8 

V 


INTEGRATOR 

Open Loop Gain at 10kHz 

60 ±3 

dB 


Output Impedance at 10kHz (max) 

0.5 

n 


Dead Zone Current 

100 

nA/LSB 

See Section “Integrator” 

Input Offset Voltage 

1 (typ), 5 (max) 

mV 


Input Bias Current 

60 (typ), 150 (max) 

nA 


Output Voltage Range (min) 

+ 8 to - 8 

V 


Input Impedance 

>1 

MO 


Input Voltage Range 

+ 8 to — 8 

V 


VCO 

Maximum Rate 

1.1 

MHz 


VCO Rate 

7.4 ± 10% 

kHz/|xA 


Input Offset Voltage 

1 (typ), 5 (max) 

mV 


Input Bias Current 

120 (typ), 300 (max) 

nA 


Input Bias Current Tempco 

-0.55 

nA/°C 


Input Voltage Range 

+ 8 to - 8 

V 


Reversion Error 

±5 

% 


Linearity of Absolute Rate 

+ 3 

% 


Sensitivity of VCO Rate in “Up 

Direction” to - V s 

-7 

%/v 


Sensitivity of VCO Rate in “Down 

Direction” to - V s 

+ 2 

%/v 



NOTE 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ VS 1 

-V s , 

+ V L 


Reference 

Sin 

Cos 

Any Logic Input . 
Demodulator Input 
Integrator Input . . 
VCO Input . . . . 


. OV to + 14V dc 
. OV to - I4V dc 
. . . OV to +V S 
. . + 14V to -V s 
. . + 14V to -V s 
. . + 14V to -V s 
-0.4V to + Vl dc 
. . + 14V to -V s 
. . +14V to -V s 
. . + 14V to -V s 


CAUTION: 

1. Correct polarity voltages must be maintained on the +Vs 
and - Vs pins. 

ORDERING INFORMATION 

Operating 

Package Temperature Frequency 
Model Option* Range Range 

2S81JD D-28 0 to 4- 70°C 400 to 20,000Hz 

*See Section 14 for package outline information. 


PIN CONFIGURATION 


REFERENCE l/P m 
DEMODI/P [IT 
A C. ERROR 0/P [T 
COS I/P [~4~ 
ANALOG GND [T 
SIN I/P [IT 

+ V S \T 

MSB BIT 1 [IT 
BIT 2 [T 
BIT 3 [kT 

b |t 4 [j7 

BIT 5 

BIT 6 (j7 

B| T7 QjT 


TOP VIEW 
(Not to Scale) 


DEMOD O/P 
INTEGRATOR O/P 
3 INTEGRATOR I/P 
~2b] V.C.O.I/P 

3 -Vs 

~n\ rc 

I2] DIR 

3 BUSY 

3 DIGITAL GND 
3 INHIBIT 
3 BYTE SELECT 

3 enable 

3 +V l 

3 BIT8LSB 
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OPERATION OF THE CONVERTER 

When connected in a circuit such as is shown in Figure 1 the 
2S81 operates as a tracking resol ver-to-digital converter and 
forms a type 2 closed loop system. This means that the digital 
output will automatically follow the input for speeds up to the 
maximum tracking rate, set by the choice of external components. 
No convert command is necessary as the conversion is initiated 
by each LSB increment of the input. Each LSB increment of 
the converter initiates a BUSY pulse. 

As the digital output of the converter passes through the major 
carry, i.e., all “Is” to all “Os” or the converse, a RIPPLE CLOCK 
(RC) logic output is initiated indicating that a revolution or a 
pitch of the input has been completed. 

The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in advance 
of a RIPPLE CLOCK pulse and, as it is internally latched, only 
changes with a change in direction. 

Both the RIPPLE clock pulse a nd DIREC TION data are unaf- 
fected by the application of the INHIBIT. 

Position Output 

The resolver shaft position is represented at the converter output 
by a natural binary digital word. 

The static angular accuracy quoted is the worst case error that 
can occur over the full operating temperature range with the 
following input conditions: 

a) Signal input amplitudes within 5% of the nominal values. 

b) Signal and reference frequency within the specified operating 
range. 

c) Phase shift between signal and reference less than 10 degrees. 

d) Signal and reference waveform harmonic distortion less than 
10 percent. 

These test conditions are selected primarily to establish a repeat- 
able acceptance test procedure which can be traced to national 
standards. In practice, the converters can be used well outside 
these operating conditions providing the following points are 
observed. 

Signal Amplitude (Sine and Cosine Inputs) 

The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the velocity signal. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value, the angular error 
will increase to an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 
response will also change, since the dynamic characteristics are 
proportional to the signal level. 

The 2S81 will not be damaged if the signal inputs are applied to 
the converter without the power supplies and/or the 
reference. 

Reference Voltage Level 

The amplitude of the reference signal applied to the converter’s 
input is noncritical; however, it is essential that the zero crossing 


points are maintained in the correct place to drive the converter’s 
phase sensitive detector. 

The 2S81 will not be damaged if the reference is supplied to the 
converter without the power supplies and/or the signal inputs. 

Harmonic Distortion 

The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square waveforms can be used but the input levels should be 
adjusted so that the average value is 1.9 volts rms. (For example 
- a square wave should be 1.9V peak.) 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

Velocity Signal 

The tracking converter technique generates an internal signal at 
the output of the integrator (the INTEGRATOR OUTPUT 
pin) that is proportional to the rate of change of the input angle. 
This is a dc analog output referred to as the VELOCITY signal. 

DC Error Signal 

The signal at the output of the phase sensitive detector (DE- 
MODULATOR OUTPUT) is the signal to be nulled by the 
tracking loop and is therefore proportional to the error between 
the input angle and the output digital angle. This is the DC 
ERROR of the converter; and as the converter is a type 2 servo 
loop, it will increase if the output fails to track the input for any 
reason. It is an indication that the input has exceeded the maximum 
tracking rate of the converter or, due to some internal malfunction, 
the converter is unable to reach a null. By connecting two external 
comparators this voltage can be used as a “built-in test”. 

CONNECTING THE CONVERTER 

The power supply voltages connected to +Vs and - V s pins 
should be ± 12 V and must not be reversed. If one rail is connected 
without the other, the converter will not operate and may “latch 
up”. In this case the removal of both rails is necessary in order 
for the converter to function correctly again. The voltage applied 
to V L can be + 5V to +Vs- 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines +V S , - V s and ANALOG GROUND 
adjacent to the converter. Suggested values are lOOnF (ceramic) 
and 10|xF (tantalum). Decoupling capacitors of lOOnF and IOjxF 
should also be connected between + V L and DIGITAL GROUND 
adjacent to the converter. 

When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The resolver connections should be made to the SIN and COS 
inputs, REFERENCE INPUT and ANALOG GROUND as 
shown in Figure 7 and described in section “CONNECTING 
THE RESOLVER”. The two signal ground wires from the 
resolver should be joined at the ANALOG GROUND pin of 
the converter to minimize the coupling between the sine and 
cosine signals. For this reason it is also recommended that the 
resolver is connected using twisted pair cables with the sine, 
cosine and reference signals twisted separately. 

The external components required should be connected as shown 
in Figure 1. 
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COMPONENT SELECTION 

The following instructions describe how to select the external 
components to the converter in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest “preferred 
value” component should be used and a 5 percent tolerance will 
not degrade the overall performance of the converter. Care 
should be taken that the resistors and capacitors will function 
over the required operating temperature range. The components 
should be connected as shown in Figure 1 . 

For more detailed information and explanation, see section “CIR- 
CUIT FUNCTIONS AND DYNAMIC PERFORMANCE”. 

1. HF Filter (Rl, R2, Cl, C2) 

The function of the HF filter is to reduce the amount of 
noise present on the signal inputs to the 2S81 reaching the 
Phase Sensitive Detector and affecting the outputs. Rl and 
C2 may be omitted - in which case R2 = R3 and Cl = C3, 
calculated below - but their use is particularly recommended 
if noise from a switch mode motor drive is present. 

Values should be chosen so that 
Rl — R2 = 50kfl (max) 


^ref Rl 

and fREF = Reference frequency (Hz) 

This filter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 


2. Gain Scaling Resistor (R4) 

If Rl, C2 are fitted then: R4= 120kH 

If Rl, C2 are not fitted then: R4 = 390kH 

3. AC Coupling of Reference Input (R3, C3) 

Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 

R3= lOOkO 


1 

10 s xf REP 

4. Maximum Tracking Rate (R6) 

The VCO input resistor R6 sets the maximum tracking rate 
of the converter and hence the velocity scaling as at the max 
tracking rate the velocity output will be 8 volts. 

Decide on your required maximum tracking rate, “T” in 
revolutions per second. Note that “T” must not exceed 260 
rps and 1/8 of the reference frequency. 


R6 


14.5 xlQ 3 
T 


kn 


This gives a scale factor of j rps/volt 
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5. Closed-Loop Bandwidth Selection (C4, C5, R5) 

a. Choose the Closed-Loop 3dB Bandwidth (B C l) required 
ensuring that 

fREF > 2.5 x B C l 

Typical values may be 100Hz for 400Hz reference fre- 
quency and 500 to 1000Hz for 5kHz reference fre- 
quency. 

b. Select C4 so that 

^ = 20,4 x 10 - 1 
R6 x B cl 2 

with R6 in kfl and B CL in Hz selected above. 

c. C5 is given by 

C5 = 5 x C4 

d. R5 is given by 

R5 = O 

2 x tt x B^l x C5 

6. VCO Phase Compensation 

The following values of C6 and R7 should be fitted. 

C6 = 470pF R7 = 68H. 

7. Offset Adjust 

Input bias current at the integrator input can cause an additional 
positional offset at the output of the converter of 4 arc mins 
typical, 10 arc mins maximum. If this can be tolerated then 
the 4.7MO resistor and the 1MO potentiometer can be omitted 
from the circuit. 

To adjust for zero offset, ensure the resolver is disconnected 
and all the other external components are fitted. Connect 
COS to the REFERENCE INPUT and SIN to the ANALOG 
GROUND and with the power and reference applied, adjust 
the potentiometer to give all “0s” on the digital output bits. 

The potentiometer may be replaced by select on test resistors 
if preferred. 

DATA TRANSFER 

BUSY Output: 

The validity of the output data is indicated by the state of the 
BUS\ output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses of 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
counter is incremented or decremented. 

INH IBIT Inpu t: 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore, does 
not interru pt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

NOTE: With the INHIBIT input pin in the “Hi” TTL state, 
data will be transferred automatically to the output latches. 


ENABLE Input: 

The ENABLE input determines the state of the output data. A 
logic “HI” maintains the output data pins in the high impedance 
condition, and application of a logic “LO” presents the data in 
the latches to the output pins. The operation of the ENABLE 
has no effect on the conversion process. 


BYTE SELECT Input: 

The BYTE SELECT input selects the byte of position data to 
be presented at the data output pins. A logic “HI” on the BYTE 
SELECT input will present the 8 most significant data bits on 
pins 8 to 15 when the ENABLE input is taken to a logic “LO”. 
A logic “LO” will present the 4 least significant data bits on 
pins 8 to 11 and place a logic “LO” on pins 12 to 15 (with the 
ENABLE input taken to a logic “LO”). 

The operation of the BYTE SELECT has no effect on the con- 
version process of the converter. 

To transfer data the INHIBIT input should be used. The data 
will be valid 600ns after the application of a logic “LO” to the 
INHIBIT. This is regardless of the time when the INHIBIT is 
applied and allows time for an active BUSY to clear. By using 
the BYTE SELECT input the two bytes of data can be transferred 
after which the INHIBIT should be returned to a logic “HI” 
state to enable the output latches to be updated. 

RIPPLE CLOCK (RC) and DIRECTION (DIR) Outputs: As 
the output of the converter passes through the major carry, i.e., 
all “Is” to all “0s” or the converse, a positive going edge on the 
RIPPLE CLOCK (RC) output is initiated indicating that a 
revolution or a pitch of the input has been completed. The 
pulse has a minimum width of 300ns and is reset by the start of 
the next data update cycle. 

The DIRECTION (DIR) logic output indicates the direction of 
the input rotation, and this data is valid in advance of the RIPPLE 
CLOCK pulse and stays valid until the direction changes. This 
is the start of the next data update cycle - if the direction of 
rotation of the inputs has changed - and will be at least 300ns 
after the rising edge of the RIPPLE CLOCK (see Figure 2). 

The DIR and RC outputs are unaffected by the state of the 
INHIBIT input. 


200ns,v " ,vl P 340ns MIN 


_l 200ns I 
~n MAX 


START OF NEXT DATA UPDATE 


Figure 2. Timing Diagram 
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CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE 

The 2S81 allows the user great flexibility in choosing the dynamic 
characteristics of the resolver-to-digital conversion to ensure the 
optimum system performance. The characteristics are set by the 
exernal components shown in Figure 1, and the section “COM- 
PONENT SELECTION” explains how to select desired maximum 
tracking rate and bandwidth values. The following paragraphs 
explain in greater detail the circuit of the 2S81 and the variations 
in the dynamic performance available to the user. 

Loop Compensation 

The 2S81 (connected as shown in Figure 1) behaves as a type 2 
tracking servo loop where the VCO/counter combination and 
the Integrator perform the 2 integration functions inherent in a 
type 2 loop. 

Additional compensation in the form of a pole/zero pair is required 
to stabilize any type 2 loop to avoid the loop gain characteristic 
crossing the OdB axis with 180 degrees of additional phase lag, 
as shown in Figure 4. This compensation is implemented by the 
integrator components (R4, C4, R5, C5). 


The attenuation and frequency response of a filter will affect the 
loop gain and must be taken into account in deriving the loop 
transfer function. The suggested filter (Rl, Cl, R2, C2) is shown 
in Figure 1 and gives an attenuation at the reference frequency 
(fREF) of 3 times at the input to the phase sensitive demodulator. 

Values of the components used in the filter must be chosen to 
ensure that the phase shift at fREF is within the allowable signal 
to reference phase shift of the converter. 

Phase Sensitive Demodulator 

The Phase Sensitive Demodulator is effectively ideal and develops 
a mean dc output at the DEMODULATOR OUTPUT pin of 

± - 2 ^ x (DEMODULATOR INPUT rms voltage) 

for sinusoidal signals in phase or antiphase with the reference 
(for a square wave the DEMODULATOR OUTPUT voltage 
will equal the DEMODULATOR INPUT). This provides a 
signal at the DEMODULATOR OUTPUT which is a dc level 
proportional to the positional error of the converter. 

DC Error = 40mV/bit 


The overall response of such a system is that of a unity gain 
second order low pass filter, with the angle of the resolver as 
the input and the digital position data as the output. 

A block diagram of the 2S81 is given in Figure 3. 

Ratio Multiplier 

The Ratio Multiplier is the input section of the 2S8 1 and compares 
the signal from the resolver inputs, 0, to the output digital 
angle, <j>, held in the counter. Any difference between these two 
angles results in an analog voltage at the AC ERROR OUTPUT. 
This circuit function has historically been called a “Control 
Transformer” as it was originally performed by a mechanical 
device known by that name. 

The AC ERROR signal is given by 
AC ERROR OUTPUT = A1 sin (0 - 4>) sin tot. 
where a> = 2tt fREF 

fREF = reference frequency 

Al, the gain of the ratio multiplier stage, is 14.5 times 
So for 2V rms input signals 
AC ERROR output in volts/(bit of error) 

= 2xsin(-^A x Al 
\4096; 

= 44.5mV/rms/bit 


When the tracking loop is closed, this error is nulled to zero 
unless the converter input angle is accelerating. 


Integrator 

The integrator components (R4, C4, R5, C5) are external to the 
2S81 to allow the user to determine the optimum dynamic char- 
acteristics for any given application. The section “COMPONENT 
SELECTION” explains how to select components for a chosen 
bandwidth. 

Since the output from the integrator is fed to the VCO INPUT, 
it is proportional to velocity (rate of change of output angle) 
and can be scaled by selection of R6, the VCO input resistor. 
This is explained in the section “VOLTAGE CONTROLLED 
OSCILLATOR (VCO)” below. 

To prevent the converter from ‘flickering’ (i.e., continually 
toggling by ± 1 bit when the quantized digital angle, <j>, is not 
an exact representation of the input angle, 0) feedback is internally 
applied from the VCO to the integrator input to ensure that the 
VCO will only update the counter when the error is greater than 
or equal to 1 bit. In order to ensure that this feedback “hysteresis” 
is set to 1LSB the input current to the integrator must be scaled 
to be lOOnA/bit. So 


__ 40mV/bit 
lOOnA/bit 


400kD 


(390kU is the nearest 
preferred value). 


HF Filter 

The AC ERROR OUTPUT may be fed to the PSD via a simple 
ac coupling network (R2, Cl) to remove any DC offset at this 
point. Note, however, that the PSD of the 2S81 is a wideband 
demodulator and is capable of aliasing HF noise down to within 
the loop bandwidth. This is most likely to happen where the 
resolver is situated in particularly noise environments, and the 
user is advised to fit a simple HF filter (Rl, C2) prior to the 
phase sensitive demodulator. 


Any offset at the input of the integrator will affect the accuracy 
of the conversion as it will be treated as an error signal and 
offset the digital output. One LSB (5.3 arc mins) of extra error 
will be added for each lOOnA of input bias current. The method 
of adjusting out this offset is given in the section “COMPONENT 
SELECTION”. 
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Voltage Controlled Oscillator (VCO) 

The VCO is essentially a simple integrator feeding a pair of dc 
level comparators. Whenever the integrator output reaches one 
of the comparator threshold voltages, a fixed charge is injected 
into the integrator input to balance the input current. At the 
same time the counter is clocked either up or down, dependent 
on the polarity of the input current. In this way the counter is 
clocked at a rate proportional to the magnitude of the input 
current of the VCO. 

During the reset period the input continues to be integrated 
although the reset period is constant at 400ns. 

The VCO rate is fixed for a given input current by the VCO 
scaling factor, 

= 7.4kHz/p,A 

This is equivalent to a tracking rate of 7400/4096 = 1.807 rps 
per \lA of VCO input current. 

The input resistor R6 determines the scaling between the converter 
velocity signal voltage at the INTEGRATOR OUTPUT pin and 
the VCO input current. Thus to achieve a 5 volt output at 100 
rps (6000 rpm) the VCO input current must be: 

(100 x 4096)/(7400) = 55.4jjlA 
Thus R6 would be set to: 5/(55.4x 10~ 6 ) = 90kfl 

The velocity offset voltage depends on the VCO input resistor, 
R6, and the VCO bias current and is given by 

Velocity Offset Voltage = R6 x (VCO bias current) 

The temperature coefficient of this offset is given by 

Velocity Offset Tempco = R6 x (VCO bias current 
tempco) 

where the VCO bias current tempco is typically -0.55nA/°C. 

The maximum recommended rate for the VCO is 1.1 MHz which 
sets the maximum possible tracking rate at 

10 6 

1.1 x — — revs/second 
4096 

Since the maximum voltage swing available at the integrator 
output is ± 8 volts, this implies that the minimum value for R6 
is 54kO. As 

Max Current = y ^ j " Q 3 = 149|iA 
Min Value R 6 = - - j- -. = 54kil 


sin 0 sin lot 




R5 C5 



AC ERROR 



— -wvHh 

C4 

RATIO 

MULTIPLIEF 

-I J 

A, sin (0-0) sin bit 

PHASE 

SENSITIVE 

DEMODULATOR 

R4 

-Wr-i 


It 

DIGITAL 

0 

| CLOCK 

DIRECTION 

VCO 

INTEGRATOR 

R6 


Figure 3. 2S81 Functional Diagram 


Transfer Function 

By selecting components using the method outlined in the section 
“Component Selection” the converter will have a critically damped 
time response and maximum phase margin. The Closed-Loop 
Transfer Function is given by: 

6 out _ 14 (1 +s N ) 

®in ( s n + 2.4) (s n 2 + 3.4 s n + 5.8) 
where, s N , the normalized frequency variable is 

s - 1 - J- 

S N~ t f 

1 *BW 

and f B w is the closed-loop 3dB bandwidth (selected by the choice 
of external components). 

The acceleration constant, K A is given approximately by 
K a = 6 x (few) 2 sec -2 

The normalized gain and phase diagrams are given in Figures 4 
and 5. 

The small signal step response is shown in Figure 6. The time 
from the step to the first peak is ti and the t 2 is the time from 
the step until the converter has settled to 1LSB. The times 
ti and t 2 are given approximately by 



The large signal step response (for steps greater than 10 degrees) 
applies when the error voltage will exceed the linear range of 
the converter. Typically the converter will take 3 times longer 
to reach the first peak for a 179° step. 

In response to a velocity step the velocity output will exhibit the 
same time response characteristics as outlined above for the 
position output. 



0.02f BW 0.04f BW 0.1f BW 0.2f B w 0.4f BVV f B w 2f B w 
FREQUENCY 


Figure 4. 2S81 Gain Plot 



0.02f B w 0.04f BW 0.1f B w 0.2f BVV 0.4f BVW f B w 2f BW 


Figure 5. 2S81 Phase Plot 
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and a reference frequency of 5kHz, the converter will exhibit an 
additional error of: 



Figure 6. 2S81 Small Step Response 
APPLICATIONS 
Causes of Additional Error 

Integrator Offset 

Additional inaccuracies in the conversion of the resolver signals 
will result from an offset at the input to the integrator as it will 
be treated as an error signal. This error will be a maximum of 
10 arc minutes over the operating temperature range, and if it 
can be tolerated in the performance of the converter, then the 
4.7MO resistor and the 1MH potentiometer shown in Figure 1 
can be omitted. (An offset of 40mV at the input to the inte- 
grator will cause an additional error of 1LSB in the accuracy of 
the converter.) 

A description of how to adjust for zero offset is given in the 
section “COMPONENT SELECTION” and the circuit required 
is shown in Figure 1. 

Differential Phase Shift 

Phase shift between the sine and the cosine signals from the 
resolver is known as differential phase shift and will cause static 
error. Some differential phase shift will be present on all resolvers 
as a result of coupling. A small resolver residual voltage (quadrature 
voltage) indicates a small differential phase shift. Additional 
phase shift can be introduced if the sine channel wires and the 
cosine channel wires are treated differently. For instance, different 
cable lengths or different loads could cause differential phase 
shift. 

The additional error caused by differential phase shift on the 
input signals approximates to 

Error = 0.53 a.b arc minutes 

where a = differential phase shift in degrees 
and b = signal to reference phase shift in degrees. 

This error can be minimized by choosing a resolver with a small 
residual voltage, ensuring that the sine and cosine signals are 
handled identically and removing the reference phase shift (see 
section “CONNECTING THE RESOLVER”). By taking these 
precautions, the extra error can be made insignificant. 


Resolver Phase Shift 

Under static operating conditions phase shift between the reference 
and the signal lines alone will not theoretically effect the converter’s 
static accuracy. 

However, when rotating, most resolvers, particularly those of 
the brushless type, exhibit a phase shift between the signal and 
the reference. This phase shift will give rise under dynamic 
conditions to an additional error defined by: 


Shaft Speed (RPS) x Phase Shift (DEGS) 


Reference Frequency 


For example, for a phase shift of 20°, a shaft rotation of 22rps 


22 x 20 
5000 


0.088° 


This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver (see section “CONNECTING THE RESOLVER”). 

NOTE: Capacitive and inductive crosstalk in the signal and 
reference leads and wiring can cause similar problems. 

Using the Velocity Signal 

The signal at the INTEGRATOR OUTPUT pin relative to the 
ANALOG GROUND pin is an analog voltage proportional to 
the rate of change of the input angle. This signal can be used to 
stabilize servo loops or in place of a velocity transducer. Although 
the conversion loop of the 2S81 includes a digital section there 
is an additional totally analog feedback loop around the velocity 
signal. This ensures that there is no digital effects on the output 
signal and that the loop is closed even when the input signals 
are such that the digital output does not change. 

A better quality velocity signal will be achieved if the following 
points are considered. 


1. Protection. 

The velocity signal should be buffered before use. 

2. Reversion Error. 

If necessary, the reversion error can be reduced by a simple 
trimming circuit. Reversion error, or side-to-side nonlinearity, 
is a result of differences in the up and down rates of the 
VCO. Because the sensitivity of the VCO rate to - V s depends 
on the direction of rotation, the reversion error can be reduced 
by varying the magnitude of - Vs. By trimming a reversion 
error of less than 1% is achievable. 

3. Ripple and Noise. 

Noise on the input signals to the converter is the major 
cause of noise on the velocity signal. This can be reduced 
to a minimum if the following precautions are taken: 

The resolver is connected to the converter using screened 
separate twisted pair cables for the sine, cosine and reference 
signals. 

Care is taken to reduce the external noise wherever possible. 

An HF filter is fitted before the Phase Sensitive Demodulator 
(as described in the section HF FILTER). 

A resolver is chosen that has a low residual voltage, i.e., a 
small signal in quadrature with the reference. 

Components are selected to operate the 2S81 with the lowest 
acceptable bandwidth. 

Feedthrough of the reference frequency should be removed 
by a filter on the velocity signal. 

The signal voltages are 2V rms to prevent a ripple at the 
LSB switching rate. This is because the 1LSB of analog 
feedback that prevents the output from flickering will be 
incorrectly scaled (see section “INTEGRATOR”). 

If the above precautions are taken, a very good noise and 
ripple performance is obtainable making the 2S81 velocity 
signal usable in very noisy environments, for instance in 
motor drive applications with PWM switching noise. 

The positional error curve of the converter and the resolver 
will result in an apparent acceleration when the resolver is 
rotating at a constant velocity. The main result of this will be 
a ripple on the velocity signal twice per revolution. 
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Connecting the Resolver 

The recommended connection circuit is shown in Figure 7. 



Figure 7. Connecting the 2S81 to a Resolver 


In cases where the reference phase relative to the input signals 
from the resolver requires adjustment this can be easily achieved 
by varying the value of the resistor R2 of the HF filter (see 
Figure 1). 

Assuming that R1 = R2 = R and Cl = C2 = C 

and Reference Frequency = - — ; 

27 t K C 

By altering the value of R2 the phase of the reference relative to 
the input signals will change in an approximately linear manner 
for phase shifts of up to 10 degrees. 

Increasing R2 by 10% introduces a phase lag of 2 degrees. 
Decreasing R2 by 10% introduces a phase lead of 2 degrees. 


For signal and reference voltages greater than 2V rms a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter. Care should be taken to 
ensure that the ratios of the resistors between the sine signal 
line and ground and the cosine signal line and ground are the 
same. Any difference will result in an additional position error. 

Typical Circuit Configuration 

Figure 8 shows a typical circuit configuration for the 2S81. 
Values of the external components have been chosen for a reference 
frequency of 5kHz and to give a maximum tracking rate of 260 
rps and a bandwidth of 520Hz. The resistors are 0.25W (except 
for the 4.7MH which is 0.5W) 5 percent tolerance preferred 
values. The capacitors are 100V ceramic 5 percent tolerance 
components. 

An offset adjustment potentiometer is included at the integrator 
input to remove the offset error. Obviously this can be left out 
of the circuit if the extra inaccuracy can be tolerated. 



Figure 9. Large Step Response Curves for Typical Circuit 
Shown in Figure 8 


iMn 



Figure 8. Typical Circuit for the 2S81 
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ANALOG 

DEVICES 


Variable Resolution, Monolithic 
Resolver-to- Digital Converter 


2S82 


2S82 FUNCTIONAL BLOCK DIAGRAM 

REF INTEGRATOR 



FEATURES 

Monolithic (BiMOS II) Tracking R/D Converter 
44-Pin J Leaded Chip Carrier (LCC) 

10-, 12-, 14- and 16-Bit Resolution Set by User 
Ratiometric Conversion 
Low Power Consumption - 300mW typ 
Dynamic Performance Set by User 
High max Tracking Rate 1040 rps (10 Bits) 

Velocity Output 
VCO Output (Inter LSB Output) 

Data Complement Facility 
Military Temperature Range Version 

APPLICATIONS 
Brushless Motor Control 
Process Control 

Numerical Control of Machine Tools 
Robotics 
Axis Control 

GENERAL DESCRIPTION 

The 2S82 is a monolithic 10-, 12-, 14- or 16-bit tracking resolver- 
to-digital converter contained in a 44-pin J leaded chip carrier 
package. Two extra functions are provided in the new surface 
mount package - COMPLEMENT and VCO OUTPUT. All 
other functions are identical to the 2S80. 

The converter allows users to select their own resolution and 
dynamic performance with external components. This allows the 
users great flexibility in defining the converter that best suits 
their system requirements. The converter allows users to select 
the resolution to be 10, 12, 14 or 16 bits and to track resolver 
signals rotating at up to 1040 revs per second (62,400 rpm) 
when set to 10-bit resolution. 

The 2S82 converts resolver format input signals into a parallel 
natural binary digital word using a ratiometric tracking conversion 
method. This ensures high noise immunity and tolerance of lead 
length when the converter is remote from the resolver. 

The 10-, 12-, 14- or 16-bit output word is tristate available in 
two bytes on the 16 output data lines. BYTE SELECT, ENABLE 
and INHIBIT pins ensure easy data transfer to 8- and 16-bit 
data buses, and outputs are provided to allow for cycle or pitch 
counting in external counters. 

An analog signal proportional to velocity is also available. 

Reference frequency operating range for the 2S82 is 50Hz to 
20,000Hz. 


PRODUCT HIGHLIGHTS 

Monolithic. A one-chip surface mount package solution reduces 
the package size required and increases reliability. 

Resolution Set by User. Two control pins are used to select 
the resolution of the 2S82 to be 10, 12, 14 or 16 bits allowing 
the user to use the 2S82 with optimum resolution for each 
application. 

Ratiometric Tracking Conversion. Conversion technique pro- 
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and a tolerance to harmonic distortion on the 
reference and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values, the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components required 
are all low cost, preferred value resistors and capacitors, and the 
component values are easy to select using the simple instructions 
given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization and velocity feedback data. 

Low Power Consumption. Typically only 300mW. 

ORDERING INFORMATION 


Model 

Accuracy 
(Arc mins) 

Operating 

Temperature 

Range 

Package 

Options 

2S82HP 

22 + 1LSB 

0 to + 70°C 

Plastic LCC 

2S82JP 

2S82KP 

8 + 1LSB 

4 + 1LSB 

0 to + 70°C 

0 to + 70°C 

Plastic LCC 
Plastic LCC 

2S82LP 

2 + 1LSB 

0 to + 70°C 

Plastic LCC 
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SPECIFICATIONS 


(typical at 25°C unless otherwise specified) 


Model 

2S82 

Units 

Notes 

TYPICAL CONVERTER PERFORMANCE (Connected 

as shown in Figure 1 ) 


Resolution 

10, 12, 14or 16 

bits 


Accuracy HP Option 

±22 +1LSB 

arc mins 

Accuracy will be affected by the offset at the 

JP Option 

±8 + 1LSB 

arc mins 

INTEGRATOR I/P. 

KP Option 

±4 + 1LSB 

arc mins 


LP Option 

±2 + 1LSB 

arc mins 


Tracking Rate Range 




10-Bit Resolution 

0 to 1040 

rps 

User Selected, max rate limited to 1/16 of the 

12-Bit Resolution 

0 to 260 

rps 

reference frequency. 

14-Bit Resolution 

Oto65 

rps 


16-Bit Resolution 

Oto 16.25 

rps 


Operating Frequency Range 

50 to 20,000 

Hz 


Repeatability of Position Output 
Bandwidth 

Velocity Signal 

1 

User Selectable 

LSB 

See “Using the Velocity Signal . ” 

Linearity 




Over Full Range 

±1 

% of output 

See VCO spec. 

Reversion Error 

±1 

% 

With power supplies adjusted for best performance. 

Zero Offset 

+ 6 

mV 

For max tracking rate range. Depends on VCO I/P 
resistor (R6). 

Zero Offset Tempco 

-22 

fxV/°C 

For max tracking rate range. Depends on VCO I/P 
resistor (R6). 

Gain Scaling Accuracy 

±10 

% FSD 


Output Voltage 

Noise and Ripple 

±8 

Vdc 


at LSB Rate 

2 

mV 

See section “Using the Velocity Output.” 

Dynamic Ripple (Peak) 

1.5 

% of mean output 


ANALOG INPUTS 




Protection 

All analog inputs are diode 
protected against overvoltage at ± 8V. 


REFERENCE INPUT 




Frequency 

50-20,000 

Hz 


Voltage Level Nominal 

2 

V rms 


Max 

11 

V peak 


Input Bias Current 

60(typ), 150 (max) 

nA 


Input Impedance 

>1 

MO 


SIGNAL INPUTS (SIN, COS) 




Frequency 

Allowable Phase Shift 

50-20,000 

Hz 


(Signal to Reference) 

10 

Degrees 


Voltage Level 

2, ± 10% 

V rms 


Input Bias Current 

60(typ), 150 (max) 

nA 


Input Impedance 

>1 

MCI 


Maximum Voltage Nominal 

±8 

V 


DIGITAL INPUTS 

| TTL Compatible 

Except DATA LOAD and SHORT CYCLE INPUTS . 

INHIBIT 




Sense 

Logic LO to inhibit 


See section “INHIBIT Input.” 

Time to Data Stable (After 

600 

ns 

Negative Going Edge of 




INHIBIT) 




DATA LOAD 




Sense 

Internally pulled up to + 12V. 

Connect when multiplexing the 2S82 or when using 


Unconnected for normal operation. 

as a control transformer. 


Logic LO allows data to be loaded 

Ensure data lines are in high impedance state 


into the counters from the data lines . 

when loading data. 

SHORT CYCLE INPUTS (SC 1 , SC2) 






Internally pulled up to + V s . 


SCI 

SC2 

Used to select the resolution of the converter. 

For 10-Bit Resolution 

0 

0 

0 = Digital Ground. Drive low with open collector TTL. 

For 12-Bit Resolution 

For 14-Bit Resolution 

For 16-Bit Resolution 

0 

1 

0 

1 

1 = Open Circuit (internally pulled up through lOOkfl). 

BYTE SELECT 




Sense Logic HI 

8 MSBs selected on data lines 1 to 8. 

The size of the LS Byte will be between 2 and 8 bits depending 


LS Byte selected on data lines 9 to 16. 

on the resolution selected. 

Logic LO 

LS Byte selected on data lines 1 to 8 



and 9 to 16. 



Time to Data Available 

150(typ),450(max) 


ns 

(After Change in State) 
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Model 

2S82 Units 

Notes 

COMPLEMENT 

Internally pulled up to + 1 2 V . 

Unconnected for normal operation . 

Logic LO to activate. 


ENABLE 

Sense 

Enable and Disable Times 

Logic LO to enable position outputs. 

Logic HI position outputs in high 
impedance state. 

200 (typ), 550 (max) ns 


ANALOG OUTPUTS 

Protection 

Output Voltage Range, typ 
max 

min 

Short-circuit output current 
limited to ± 8mA, ± 30%. 

+ 9 to — 9 V 

+ 10.5 to - 10.5 V 

+ 8 to - 8 V 

With 1mA load. 

DIGITAL OUTPUTS 

Format 

V L = +5V TTL Compatible 

V L = + 1 2 V CMOS Compatible 

Voltage on V L sets the voltage level of the digital outputs. 

1 POSITION OUTPUTS 

Format 

Resolution 

Number of Data Lines 

Max Load 

Monotonicity 

HP, JP, KP Options 

LP Option 

Three-state natural binary 

10, 12, 14 or 16 bits 

16 

3 LSTTL 

Guaranteed to 14 bits 

Guaranteed to 16 bits 


DIRECTION 

Sense 

Timing 

Max Load 

Logic HI when counting up . 

Logic LO when counting down. 

Only changes, if required, at start of output 
position data cycle. 

3 LSTTL 


RIPPLE CLOCK 

Sense 

Timing 

Width 

Reset 

Max Load 

Positive going edge when counting up 
from all “1 s” and when counting down 
from all “0s” as data changes. 

Edge occurs at least 300ns before change 
in DIR can occur. 

300 (min) ns 

By start of next data update . 

3 LSTTL 


BUSY 

Sense 

Timing 

Width typ 
min 

max 

Max Load 

Logic HI when converter position output 
changing. 

Positive going edge 50ns before change in 
position output. 

300 ns 

200 ns 

600 ns 

3 LSTTL 

See Section “BUSY Output.” 

POWER SUPPLIES 

Voltage Levels 
+ V S 
-V s 

+ v L 

Current 

+ V s , -V s at 12V 
+ V S , -V s at 13.2V 
+ V U 

+ 12 ± 10% V 

- 12 ± 10% V 

+ 5 to + 14 V 

12 (typ), 23 (max) mA 

19 (typ), 30 (max) mA 

0-5 (typ), 1.5 (max) mA 

The 2S82 may latch up if + W s is applied without -V s . 

Over operating temperature range. 

GENERAL 

Operating Temperature Range 
HP, JP,KP,LP Options 
Storage Temperature Range 
(All Options) 

Weight 

Oto +70 °C 

-25 to +85 °C 

0.2(5) oz (grams) 


VCO OUTPUT 

± 3 ( ± 10%) V/LSB 

The VCO output swings between ± 3 V depending on the 
resolver direction. 
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CONVERTER CHARACTERISTICS 


Mod«l 

2S82 

Units 

Notes 

RATIO MULTIPLIER 




Function 

AC ERROR output represents the 



difference between the angle at the SIN 



and COS inputs compared to the position 



output angle. 



AC ERROR Output Scaling 




10-Bit Resolution 

177.6 

mV/bit 


12-Bit Resolution 

44.4 

mV/bit 


14-Bit Resolution 

11.1 

mV/bit 


16-Bit Resolution 

2.775 

mV/bit 


Accuracy 



Maximum over temp, range. 

HP Option 

±22 

arc mins 


JP Option 

±8 

arc mins 


KP Option 

±4 

arc mins 


LP Option 

±2 

arc mins 


Differential Nonlinearity 




HP, JP,KP Options 

<1 

Bits in 14 

Guaranteed mono tonic to 14 bits when connected in tracking mode. 

LP Option 

<1 

Bits in 16 

Guaranteed mono tonic to 16 bits when connected in tracking mode. 

PHASE SENSITIVE DETECTOR 



Specified over operating frequency range. Tested at 1kHz. 

Output Offset Voltage 

12 (max) 

mV 


Gain of Signal (dc Out, rms In) 




In Phase w.r.t. Reference 

-0.9 ±2% 



In Quadrature w.r.t. Reference 

±0.02 (max) 



Input Bias Current 

60(typ), 150 (max) 

nA 


Input Impedance 

>1 

Mfl 


Input Voltage Range 

+ 8 to - 8 

V 


INTEGRATOR 




Open Loop Gain at 10kHz 

60 ±3 

dB 


Dead Zone Current 

100 

nA/LSB 

See section “Integrator.” 

Input Offset Voltage 

1 (typ), 5 (max) 

mV 


Input Bias Current 

60 (typ), 150 (max) 

nA 


Output Voltage Range (min) 

+ 8 to - 8 

V 


Input Impedance 

>1 

Mfl 


Input Voltage Range 

+ 8 to - 8 

V 


VCO 




Maximum Rate 

1.1 

MHz 


VCO Rate 

7.4 ± 10% 

kHz/nA 

With ± 12V supplies. 

VCO Rate Tempco 

-0.05 

%/°C 


Input Offset Voltage 

1 (typ), 5 (max) 

mV 


Input Bias Current 

120 (typ), 300 (max) 

nA 


Input Bias Current Tempco 

-0.55 

nA/°C 


Input Voltage Range 

— 8 to +8 

V 


Linearity of Absolute Rate 




Over Full Range 

± 1 (typ), ± 3 (max) 

% 


Over 0 to 50% of Max Range 

+ 1 (max) 

% 


Reversion Error 

<3 (max) 

% 

Symmetrical power supplies. 

Sensitivity of Reversion Error 

8 

%/V of Asymmetry 

See section “Using the Velocity Output.” 

to Symmetry of Power Supplies 





Specifications subject to change without notice. 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ Vs 1 

-V s 

+ V L 

Reference 

Sin 

Cos 

Any Logical Input 
Demodulator Input 
Integrator Input . . 
VCO Input . . . . 


. OV to + 14V dc 
. OV to - 14V dc 
. . . OV to +V S 
. . +14V to -V s 
. . + 14V to -V s 
. . +14V to -V s 
-0.4V to +V L dc 
. . +14V to -V s 
. . +14V to -V s 
. . +14V to -V s 


NOTE 

CAUTION - Correct polarity voltages must be maintained on 
the + V S and -Vs pins. 


PIN CONFIGURATION 


8 3 111 & i 8 S 





*18 g 


2 3 3 m 

NC = NO CONNECT 


m 2 
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OPERATION OF THE CONVERTER 

When connected in a circuit such as is shown in Figure 1, the 
2S82 operates as a tracking resol ver-to-digital converter and 
forms a type 2 closed loop system. This means that the output 
will automatically follow the input for speeds up to the selected 
maximum tracking rate. No convert command is necessary as 
the conversion is initiated by each LSB increment of the input. 
Each LSB increment of the converter initiates a BUSY pulse. 

Because the conversion depends on the ratio of the input signals, 
the 2S82 is remarkably tolerant of input amplitude and frequency 
(there is no need of an accurate, stable oscillator to produce the 
reference signal). The inclusion of a phase sensitive detector in 
the conversion loop ensures a high immunity to signals that are 
not coherent or are in quadrature with the reference signal. 

Two major areas of the 2S82 specification can be selected by the 
user to optimize the total system performance. The resolution of 
the digital output is set by the state of the inputs SCI and SC2 
to be 10, 12, 14 or 16 bits, and the dynamic characteristics of 
bandwidth and tracking rate are selected by the choice of external 
components. 

Position Output 

The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. 

As the digital output of the converter passes through the major 
carries, i.e., all “Is” to all “Os” or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in advance 
of a RIPPLE CLOCK pulse and, as it is internally latched, only 
changes with a change in direction. 

Both the RIPPLE CLOCK pulse and the DIRECTION data 
are unaffected by the application of the INHIBIT. 

The static accuracy quoted is the worst case error that can occur 
over the full operating temperature excluding the effect of offset 
signals at the INTEGRATOR INPUT (which can be trimmed 
out) and with the following conditions: input signal amplitudes 
are within 5% of the nominal values; signal and reference frequency 
is Within the specified operating range; phase shift between 
signal and reference is less than 10 degrees; signal and reference 
waveform harmonic distortion is less than 10%. 

These test conditions are selected primarily to establish a repeat- 
able acceptance test procedure which can be traced to national 
standards. In practice, the 2S82 can be used well outside 
these operating conditions providing the following points are 
observed. 

Signal Amplitude (Sine and Cosine Inputs) 

The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the velocity signal. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value, the angular error 
will increase to an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 


response will also change, since the dynamic characteristics are 
proportional to the signal level. 

The 2S82 will not be damaged if the signal inputs are applied to 
the converter without the power supplies and/or the reference. 

Reference Voltage Level 

The amplitude of the reference signal applied to the converter’s 
input is not critical, but care should be taken to ensure it is 
kept below the absolute maximum voltage. 

The 2S82 will not be damaged if the reference is supplied to the 
converter without the power supplies and/or the signal inputs. 

Harmonic Distortion 

The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square waveforms can be used but the input levels should be 
adjusted so that the average value is 1.9V rms. (For example, a 
square wave should be 1.9V peak.) 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

Velocity Signal 

The tracking converter technique generates an internal signal at 
the output of the integrator (the INTEGRATOR OUTPUT 
pin) that is proportional to the rate of change of the input angle. 
This is a dc analog output referred to as the VELOCITY signal. 

DC Error Signal 

The signal at the output of the phase sensitive detector 
(DEMODULATOR OUTPUT) is the signal to be nulled by the 
tracking loop and is therefore proportional to the error between 
the input angle and the output digital angle. This is the DC 
ERROR of the converter; and as the converter is a type 2 servo 
loop, it will increase if the output fails to track the input for any 
reason. It is an indication that the input has exceeded the maximum 
tracking rate of the converter or, due to some internal malfunction, 
the converter is unable to reach a null. By connecting two external 
comparators, this voltage can be used as a “built-in test.” 

CONNECTING THE CONVERTER 

The power supply voltages connected to -I- Vs and - Vs pins 
should be ± 12V and must not be reversed. If one rail is connected 
without the other, the converter will not operate and may “latch 
up.” In this case, the removal of both rails is necessary in order 
for the converter to function correctly again. The voltage applied 
to V L can be + 5V to +V S . 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines +V Sj - V s and ANALOG GROUND 
adjacent to the converter. Suggested values of lOOnF (ceramic) 
and IOjxF (tantalum). Decoupling capacitors of lOOnF and IOjxF 
should also be connected between + V L and DIGITAL GROUND 
adjacent to the converter. 

When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The resolver connections should be made to the SIN and COS 
inputs, REFERENCE INPUT and SIGNAL GROUND as 
shown in Figure 7 and described in section “CONNECTING 
THE RESOLVER”. The two signal ground wires from the 
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resolver should be joined at the SIGNAL GROUND pin of the 
converter to minimize the coupling between the sine and cosine 
signals. For this reason it is also recommended that the resolver 
is connected using twisted pair cables with the sine, cosine and 
reference signals twisted separately. 


SIGNAL GROUND and ANALOG GROUND are connected 
internally. ANALOG GROUND and DIGITAL GROUND 
must be connected externally. 

The external components required should be connected as shown 
in Figure 1. 



Figure 1. 2S82 Connection Diagram 


SELECTING THE RESOLUTION 

The resolution of the 2S82 can be selected to be 10, 12, 14 or 
16 bits by use of the short cycling inputs SCI and SC2. The 
required resolution can be selected as shown in the specification 
section. 

The choice of resolution will affect the values of R4 and R6 
which scale the inputs to the integrator and the VCO respectively 
(see section “COMPONENT SELECTION”). If the resolution 
is changed, then new values of R4 and R6 must be switched 
into the circuit. 

Note: When changing resolution under dynamic conditions, a 
period of uncertainty will exist before position and velocity data 
is valid. 


noise present on the signal inputs to the 2S82, reaching the 
Phase Sensitive Detector and affecting the outputs. R1 and 
C2 may be omitted - in which case R2 = R3 and Cl = C3, 
calculated below - but their use is particularly recommended 
if noise from a switch mode motor drive is present. 

Values should be chosen so that 
R1 = R2 =£ 56kH 


2tt R1 f REF 

and f REF = reference frequency. (Hz) 

This filter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 


COMPONENT SELECTION 

The following instructions describe how to select the external 
components to the converter in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest “preferred 
value” component should be used and a 5% tolerance will not 
degrade the overall performance of the converter. Care should 
be taken that the resistors and capacitors will function over the 
required operating temperature range. The components should 
be connected as shown in Figure 1 . 

For more detailed information and explanation, see 
section “CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE.” 

1. HF Filter (Rl, R2, Cl, C2) 

The function of the HF filter is to reduce the amount of 


2. Gain Scaling Resistor (R4) 
If Rl, C2 are fitted then: 


R4 = 


100 X 10- 


x |a 


If Rl, C2 are not fitted then: 


R4 


Epc 

100 x 10~ 9 


n 


where E^ = 


160 x 10 3 for 10 bits resolution 
40x10" 3 for 12 bits 
10 x 10" 3 for 14 bits 
2.5 xlO" 3 for 16 bits 
Scaling at the DC ERROR in volts 
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3. AC Coupling of Reference Input (R3, C3) 

Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 

R3 = lOOkD 


The potentiometer may be replaced by select on test resistors 
if preferred. 

PIN FUNCTIONS 


C3 > 


1 

10 5 x f REF 


4. Maximum Tracking Rate (R6) 

The VCO input resistor R6 sets the maximum tracking rate 
of the converter and hence the velocity scaling as at the max 
tracking rate the velocity output will be 8V. 

Decide on your required maximum tracking rate, “T,” in 
revolutions per second. Note that “T” must not exceed the 
specified maximum tracking rate or 1/16 of the reference 
frequency. 


R6 


5.92 x IQ 7 
T x p 


kfl 


where p = 


bit per rev 

1,024 for 10 bits resolution 
4,096 for 12 bits 
16,384 for 14 bits 
65,536 for 16 bits 


5. Closed Loop Bandwidth Selection (C4, C5, R5) 

a. Choose the Closed Loop 3dB Bandwidth (f B w) required 
ensuring that 

fREF > 2.5 x f BW 

Typical values may be 100Hz for 400Hz reference frequency 
and 500 to 1000Hz for 5kHz reference frequency. 

b. Select C4 so that 

c .. = 20.2 X 10~ 3 
R6 x f BW 2 

with R6 in kfl and f B w in Hz selected above. 

c. C5 is given by 

C5 = 5 x C4 

d. R5 is given by 

R5 = - % — (1 

2 x tt x x C5 

6. VCO Phase Compensation 

The following values of C6 and R7 should be fitted. 

C6 = 470pF R7 = 680 

7. Offset Adjust 

Offset and bias current at the integrator input can cause an 
additional positional offset at the output of the converter of 1 
arc min typical, 5.3 arc mins maximum. If this can be tolerated, 
then R8 and R9 can be omitted from the circuit. 

If fitted, the following values of R8 and R9 should be used: 
R8 = 4.7MO, R9 = 1MO potentiometer. 

To adjust for zero offset, ensure the resolver is disconnected 
and all the other external components are fitted. Connect the 
COS pin to the REFERENCE INPUT and the SIN pin to 
the SIGNAL GROUND and with the power and reference 
applied, adjust the potentiometer to give all “0s” on the 
digital output bits. 


REFERENCE I/P 
DEMOD I/P 
AC ERROR O/P 
COS 

ANALOG GROUND 
SIGNAL GROUND 
SIN 


+ Vs 

BIT 1 - BIT 16 

Vl __ 

ENABLE 


BYTE SELECT 


INHIBIT 

DIGITAL GROUND 
SCI, SC2 

DATA LOAD 

BUSY 


DIRECTION 
RIPPLE CLOCK 


-V s 
VCO I/P 

INTEGRATOR I/P 
INTEGRATOR O/P 
DEMOD O/P 
COMPLEMENT 
VCO O/P 


Input pin for the reference signal. 
Demodulator input pin. 

Output of ratio multiplier. 

Input pin for cosine signal from 
resolver. 

Power ground. 

Ground pin for signals from resolver. 
Input pin for sine signal from 
resolver. 

Main positive power supply. 

Parallel output data bits. 

Logic power supply. 

Logic “HI” sets the output data bits 
to a high impedance state, a logic 
“LO” presents the data in the latches 
to the output pins. 

Selects the data output bits presented 
on data bits 1 to 8. Logic “HI” will 
present the 8 most significant bits; a 
logic “LO” will present the least sig- 
nificant byte. 

Logic “LO” inhibits the data transfer 
from the counter to the output 
latches. 

Ground pin for digital circuitry. 

Logic inputs used for selecting the 
resolution of the converter. 

Logic “LO” allows data to be loaded 
into the counters. 

Converter BUSY. A logic “HI” indi- 
cates that the output latches are being 
updated and data should not be 
transferred. 

Logic output indicating the direction 
of rotation of the input signals. 

A negative going pulse whenever the 
output of the converter changes from 
all “Is” top all “Os” or the converse. 
Main negative power supply. 

Input pin to VCO. 

Input pin of integrator. 

Output pin of integrator. 

Output pin of demodulator. 

Logic “LO” to activate 
Output pin of VCO. 


DATA TRANSFER 

Data transfer can be accomplished using either the INHIBIT 
input or the trailing edge of the BUSY pulse output. 


INHIBIT Input: 

The INHIBIT logic input only inhibits the data transfer from 
the internal up-down counter to the output latches and, therefore, 
does not interrupt the operation of the tracking loop. Releasing 
the INHIBIT automatically generates a BUSY pulse to refresh 
the output data. 
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The output data is valid 350ns after the application of a logic 
“Lo” to the INHIBIT but the INHIBIT input must remain 
“Lo” for at least 600ns; otherwise the BUSY pulse generated by 
the logic “Lo” to “Hi” transition of the INHIBIT input may 
overlap the BUSY pulse that may have occurred at the time the 
INHIBIT is applied. The time required to assert the INHIBIT 
is 100ns. 

BUSY Output: 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL levels. A BUSY pulse is initiated each time the input 
moves by an analog equivalent of an LSB and the internal counter 
is incremented or decremented or the INHIBIT input is 
released. 

Typically the width of the BUSY pulse is 350ns during the 
position data output updates. The trailing edge of the BUSY 
pulse indicates that the position data output has been updated 
and is ready for transfer. The maximum load on the BUSY 
output using the trailing edge of the BUSY pulse is 3 LSTTL 
loads. 


max DEPENDS ON 



NOTE 1 

THE USE OF THE LEADING EDGE OF THE BUSY TO PREDICT DATA UPDATES IS ADVERSELY 
AFFECTED BY THE CAPACITIVE LOADING ON THE BUSY PULSE. TO ENSURE THAT THE LEADING 
EDGE OF THE BUSY PULSE OVERLAPS DATA TRANSITIONS, THE MAXIMUM LOAD ON BUSY 
OUTPUT SHOULD BE 15pF AND IT SHOULD BE PULLED UP TO -5 VOLT SUPPLY VIA A 5kn. THIS 
WILL RESTRICT THE MAXIMUM LOAD ON THE BUSY OUTPUT TO 1 LSTTL LOAD. 

Figure 2. Timing Diagram 

ENABLE Input: 

The ENABLE input determines the state of the output data. A 
logic “Hi” maintains the output data pins in the high impedance 
condition, and application of a logic “Lo” presents the data in 
the latches to the output pins. The operation of the ENABLE 
has no effect on the conversion process. 

BYTE SELECT Input: 

The BYTE SELECT input selects the byte of position data to 
be presented at the data output Bits 1 to 8. The least significant 
byte will be presented on data output Bits 9 to 16 (with the 
ENABLE input taken to a logic “Lo”) regardless of the state of 
the BYTE SELECT pin. Note that when the 2S82 is used with 
a resolution less than 16 bits the unused data lines are pulled to 
a logic “Lo.” A logic “Hi” on the BYTE SELECT input will 
present the eight most significant data bits on data output Bits 1 
and 8. A logic “Lo” will present the least significant byte on 
data outputs 1 to 8, i.e., data outputs 1 to 8 will duplicate data 
outputs 9 to 16. 

The operation of the BYTE SELECT has no effect on the 
conversion process of the converter. 

RIPPLE CLOCK Output: 

As the output of the converter passes through the major carry, 

i.e., all “Is” to all “0s” or the converse, a positive going edge 
on the RIPPLE CLOCK (RC) output is initiated indicating that 
a revolution, or a pitch, of the input has been completed. The 


pulse has a minimum width of 300ns and is reset by the start of 
the next data update cycle. 

DIRECTION Output: 

The DIRECTION (DIR) logic output indicates the direction of 
the input rotation, and this data is valid in advance of the RIPPLE 
CLOCK pulse and stays valid until the direction changes. This 
is the start of the next data update cycle - if the direction of 
rotation of the inputs has changed - and will be at least 300ns 
after the rising edge of the RIPPLE clock. 

The DIR and RC outputs are unaffected by the state of the 
INHIBIT input. 

CO MPLEMENT 

The COMPLEMENT pin is internally pulled up to + 12 V in 
the INACTIVATE STATE. It is pulled down to DIGITAL 
GROUND (~100|xA) to ACTIVATE. 

When used in c onjunction with th e DATA LOAD pin, Strobing 
Data Load and COMPLEMENT pins “LOW” will set the logic 
“HIGH” bits of the 2S82 counter to a “LOW” state. Those bits 
of the applied data which are logic “LOW”’ will not change the 
corresponding bits in the 2S82 counter. 


For example: 


Initial Counter State 

Applied Data Word 

Counter State after Data Load Only 

10101 

1 1000 

1 1000 

Initial Counter State 

10101 

Applied Data Word 

1 1000 

Counter State after Data Load 


and Complement 

00101 


In order to read the output the following procedure should be 
followed: 

1 . Place outputs in high impedance state (ENABLE - “HIGH”). 

2. Present data to pins. 

3 . Pull DATA LOAD and COMPLEMENT pins to ground. 

4. Wait 100ns. 

5. Remove data from pins. 

6 . Remove outputs from high impedance state (ENABLE - 
“LOW”). 

7. Read Outputs. 

CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE 

The 2S82 allows the user great flexibility in choosing the dynamic 
characteristics of the resolver-to-digital conversion to ensure the 
optimum system performance. The characteristics are set by the 
external components shown in Figure 1, and the section “COM- 
PONENT SELECTION” explains how to select desired maximum 
tracking rate and bandwidth values. The following paragraphs 
explain in greater detail the circuit of the 2S82 and the variations 
in the dynamic performance available to the user. 

Loop Compensation 

The 2S82 (connected as shown in Figure 1) behaves as a type 2 
tracking servo loop where the VCO/counter combination and 
the integrator perform the two integration functions inherent in 
a type 2 loop. 

Additional compensation in the form of a pole/zero pair is required 
to stabilize any type 2 loop to avoid the loop gain characteristic 
crossing the OdB axis with 180° of additional phase lag, as shown 
in Figure 4. This compensation is implemented by the integrator 
components (R4, C4, R5, C5). 
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The overall response of such a system is that of a unity gain 
second order low pass filter, with the angle of the resolver as 
the input and the digital position data as the output. 

The 2S82 does not have to be connected as tracking converter; 
parts of the circuit can be used independently. This is particularity 
true of the ratio multiplier which can be used as a control 
transformer. 

A block diagram of the 2S82 is given in Figure 3. 


resolver is situated in particularly noisy environments, and the 
user is advised to fit a simple HF filter Rl, C2 prior to the 
phase sensitive demodulator. 

The attenuation and frequency response of a filter will affect the 
loop gain and must be taken into account in deriving the loop 
transfer function. The suggested filter (Rl, Cl, R2, C2) is 
shown in Figure 1 and gives an attenuation at the reference 
frequency (fREF) of 3 times at the input to the phase sensitive 
demodulator. 


R5 C5 



Figure 3. 2S82 Functional Diagram 

Ratio Multiplier 

The ratio multiplier is the input section of the 2S82 and compares 
the signal from the resolver inputs, 0, to the digital angle, 4>, 
held in the counter. Any difference between these two angles 
results in an analog voltage at the AC ERROR OUTPUT. This 
circuit function has historically been called a “Control Trans- 
former” as it was originally performed by a mechanical device 
known by that name. 


Values of the components used in the filter must be chosen to 
ensure that the phase shift at f^F is within the allowable signal 
to reference phase shift of the converter. 

Phase Sensitive Demodulator 

The phase sensitive demodulator is effectively ideal and develops 
a mean dc output at the DEMODULATOR OUTPUT pin of 

x (DEMODULATOR INPUT rms voltage) 

for sinusoidal signals in phase or antiphase with the reference 
(for a square wave the DEMODULATOR OUTPUT voltage 
will equal the DEMODULATOR INPUT). This provides a 
signal at the DEMODULATOR OUTPUT which is a dc level 
proportional to the positional error of the converter. 

DC Error Scaling = 160mV/bit (10 bits resolution) 

= 40mV/bit (12 bits resolution) 

= lOmV/bit (14 bits resolution) 

= 2.5mV/bit (16 bits resolution) 


The AC ERROR signal is given by 
A1 sin (0 — c}>) sino>t. 
where io = 2tt f RE F 

fREF = reference frequency 

Al, the gain of the ratio multiplier stage is 14.5 times. 

So for 2V rms inputs signals 
AC ERROR output in volts/(bit of error) 


= 2xsin 



x Al 


where p = bits per rev 

= 1 ,024 for 10 bits resolution 

= 4,096 for 12 bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

Giving AC ERROR output 

= 178mV rms/bit @10 bits resolution 
= 44.5mV rms/bit @12 bits 
= 11.125mV rms/bit @ 14 bits 

= 2.78mV rms/bit @16 bits. 


The ratio multiplier will operate in exactly the same way whether 
the 2 S 82 is connected as a tracking converter or as a control 
transformer, where data is preset into the counters using the 
DATA LOAD pin. 


When the tracking loop is closed, this error is nulled to zero 
unless the converter input angle is accelerating. 

Integrator 

The integrator components (R4, C4, R5, C5) are external to the 
2S82 to allow the user to determine the optimum dynamic char- 
acteristics for any given application. The section “COMPONENT 
SELECTION” explains how to select components for a chosen 
bandwidth. 

Since the output from the integrator is fed to the VCO INPUT, 
it is proportional to velocity (rate of change of output angle) and 
can be scaled by selection of R6, the VCO input resistor. This 
is explained in the section “VOLTAGE CONTROLLED 
OSCILLATOR (VCO)” below. 

To prevent the converter from “flickering” (i.e., continually 
toggling by ± 1 bit when the quantized digital angle, <j>, is not 
an exact representation of the input angle, 0) feedback is internally 
applied from the VCO to the integrator input to ensure that the 
VCO will only update the counter when the error is greater than 
or equal to 1 bit. In order to ensure that this feedback “hysteresis” 
is set to 1LSB the input current to the integrator must be scaled 
to be lOOnA/bit. So, 

_ DC Error Scaling (mV/bit) 

100 (nA/bit) 


HF Filter 

The AC ERROR OUTPUT may be fed to the PSD via a simple 
ac coupling network (R2, Cl) to remove any dc offset at this 
point. Note, however, that the PSD of the 2S82 is a wideband 
demodulator and is capable of abasing HF noise down to within 
the loop bandwidth. This is most likely to happen where the 


Any offset at the input of the integrator will affect the accuracy 
of the conversion as it will be treated as an error signal and 
offset the digital output. One LSB of extra error will be 
added for each lOOnA of input bias current. The method of 
adjusting out this offset is given in the section “COMPONENT 
SELECTION.” 
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Voltage Controlled Oscillator (VCO) 

The VCO is essentially a simple integrator feeding a pair of dc 
level comparators. Whenever the integrator output reaches one 
of the comparator threshold voltages, a fixed charge is injected 
into the integrator input to balance the input current. At the 
same time the counter is clocked either up or down, dependent 
on the polarity of the input current. In this way the counter is 
clocked at a rate proportional to the magnitude of the input 
current of the VCO. 

During the reset period the input continues to be integrated 
although the reset period is constant at 400ns. 

The VCO rate is fixed for a given input current by the VCO 
scaling factor, 

= 7.4kHz/(xA 

The tracking rate in rps per p,A of VCO input current can be 
found by dividing the VCO scaling factor by the number of 
LSB changes per rev (i.e., 4096 for 12-bit resolution). 

The input resistor R6 determines the scaling between the converter 
velocity signal voltage at the INTEGRATOR OUTPUT pin and 
the VCO input current. Thus to achieve a 5V output at 100 rps 
(6000 rpm) and 12-bit resolution the VCO input current must 
be: 

(100 x 4096)/(7400) = 55.3^A 
Thus, R6 would be set to: 5/(55. 3 x 10 -6 ) = 90kfl 

The velocity offset voltage depends on the VCO input resistor, 
R6, and the VCO bias current and is given by 

Velocity Offset Voltage = R6 x (VCO bias current) 

The temperature coefficient of this offset is given by 

Velocity Offset Tempco = R6 x (VCO bias current 
tempco) 

where the VCO bias current tempco is typically — 0.55nA/°C. 

The maximum recommended rate for the VCO is 1.1 MHz which 
sets the maximum possible tracking rate. 

Since the maximum voltage swing available at the integrator 
output is ± 8V, this implies that the minimum value for R6 is 
54kH. As 

Max Current = * ||j 3 = 14V A 

Min Value R„ = — * ■ Q _ ( = 54kH 

VCO OUTPUT 

VCO OUTPUT: In order to overcome the “free play” inherent 
in a servo system using digitized position feedback, an analog 
output voltage is available representing the resolver shaft position 
within the least significant bit of the digital angle output. 



Figure 4. 


The converter updates the output if the error is an LSB or 
greater and the VCO output gives the positional error smaller 
than 1LSB. 

Figure 4 illustrates how the VCO output compensates for the 
instances where, due to hysteresis, there is no change in the 
digital count output for 1LSB change in input angle. The sum 
of the digital count output and VCO output equals the actual 
input angle. 

Transfer Function 

By selecting components using the method outlined in the section 
“Component Selection” the converter will have a critically damped 
time response and maximum phase margin. The closed-loop 
transfer function is given by: 

Gout _ 14 (1 + s N ) 

0|N ~ (s N + 2.4) (s N 2 + 3.4 s N 4- 5.8) 

where, s N , the normalized frequency variable is 

_ 2 s 
S N ~ f 

*BW 

and f B w is the closed-loop 3dB bandwidth (selected by the choice 
of external components). 

The acceleration constant, K A , is given approximately by 
K a = 6x(f BW ) 2 sec -2 

The normalized gain and phase diagrams are given in Figures 5 
and 6. 

The small signal step response is shown in Figure 6. The time 
from the step to the first peak is t l5 and the t 2 is the time from 



FREQUENCY 


Figure 5. 2S82 Gain Plot 



0.02f B w 0.04f B w 0.1f BW 0.2f B w 0.4f BW f BW 2f B w 
FREQUENCY 

Figure 6. 2S82 Phase Plot 
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OUTPUT 

POSITION 


the step until the converter as settled to 1LSB. The times ti and 
t 2 are given approximately by 



where R = resolution, i.e., 10, 12, 14 or 16. 

The large signal step response (for steps greater than 10 degrees) 
applies when the error voltage will exceed the linear range of 
the converter. Typically the converter will take 3 times longer 
to reach the first peak for a 179 degrees step. 

The response to a velocity step, the velocity output will exhibit 
the same time response characteristics as outlined above for the 
position output. 


2S82 



APPLICATIONS 

USING THE 2S82 AS A CONTROL TRANSFORMER 

The ratio multiplier section of the 2 S 82 can be used independently 
to the rest of the converter to perform the function of control 
transformer. In this mode the signal from the resolver inputs, 0, 
is compared to a digital angle, c|>, loaded into the counters. Any 
difference between these two angles results in an analog voltage 
at the AC ERROR OUTPUT. To use the device in this way the 
DATA LOAD pin is used. 

Applying a logic “Lo” to the DATA LOAD pin will allow data 
to be loaded into the counters of the converter from the data 
lines. It is important that the data lines are placed in the high 
impedance state before loading data. 

To operate the 2S82 as a tracking resolver-to-digital converter 
the DATA LOAD pin should be left unconnected as it is pulled 
high internally to + 12V. 

CAUSES OF ADDITIONAL ERROR 
Integrator Offset 

Additional inaccuracies in the conversion of the resolver signals 
will result from an offset at the input to the integrator as it will 
be treated as an error signal. This error will be typically 1 arc 
minute over the operating temperature range. 

A description of how to adjust for zero offset is given in the 
section “COMPONENT SELECTION” and the circuit required 
is shown in Figure 1 . 

Differential Phase Shift 

Phase shift between the sine and the cosine signals from the 
resolver is known as differential phase shift and can cause static 
error. Some differential phase shift will be present on all resolvers 
as a result of coupling. A small resolver residual voltage (quadrature 
voltage) indicates a small differential phase shift. Additional 
phase shift can be introduced if the sine channel wires and the 
cosine channel wires are treated differently. For instance, different 
cable lengths or different loads could cause differential phase 
shift. 

The additional error caused by differential phase shift on the 
input signals approximates to 

Error = 0.53 a-b arc minutes 


where a = differential phase shift in degrees 
and b = signal to reference phase shift in degrees. 

This error can be minimized by choosing a resolver with a small 
residual voltage, ensuring that the sine and cosine signals are 
handled identically and removing the reference phase shift (see 
section “CONNECTING THE RESOLVER”). By taking these 
precautions, the extra error can be made insignificant. 

Resolver Phase Shift 

Under static operating conditions phase shift between the reference 
and the signal lines alone will not theoretically affect the converter’s 
static accuracy. 

However, most resolvers exhibit a phase shift between the signal 
and the reference. This phase shift will give rise under dynamic 
conditions to an additional error defined by: 

Shaft Speed (rps) x Phase Shift (Pegs) 

Reference Frequency 

For example, for a phase shift of 20 degrees, a shaft rotation of 
22 rps and a reference frequency of 5 kHz, the converter will 
exhibit an additional error of: 

22 x 20 A AOO , 

1000“ = 0088 degrees 

This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver (see section “CONNECTING THE RESOLVER”). 

NOTE: Capacitive and inductive crosstalk in the signal and 
reference leads and wiring can cause similar problems. 

USING THE VELOCITY SIGNAL 

The signal at the INTEGRATOR OUTPUT pin relative to the 
ANALOG GROUND pin is an analog voltage proportional to 
the rate of change of the input angle. This signal can be used to 
stabilize servo loops or in place of a velocity transducer. Although 
the conversion loop of the 2S82 includes a digital section there 
is an additional totally analog feedback loop around the velocity 
signal. This ensures that there is no digital effects on the output 
signal and that the loop is closed even when the input signals 
are such that the digital output does not change. 
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A better quality velocity signal will be achieved if the following 
points are considered. 

1. Protection. 

The velocity signal should be buffered before use. 

2. Reversion Error. 

If necessary, the reversion error can be reduced by a simple 
trimming circuit. Reversion error, or side-to-side nonlinearity, 
is a result of differences in the up and down rates of the 
VCO. The reversion error can be nulled by varying one 
supply rail relative to the other. 

3. Ripple and Noise. 

Noise on the input signals to the converter is the major cause 
of noise on the velocity signal. This can be reduced to a 
minimum if the following precautions are taken: 

The resolver is connected to the converter using separate 
screened twisted pair cable for the sine, cosine and reference 
signals. 

Care is taken to reduce the external noise wherever possible. 

An HF filter is fitted before the Phase Sensitive Demodulator 
(as described in the section KF FILTER). 

A resolver is chosen that has a low residual voltage, i.e., a 
small signal in quadrature with the reference. 

Components are selected to operate the 2S82 with the lowest 
acceptable bandwidth. 

Feedthrough of the reference frequency should be removed 
by a filter on the velocity signal. 

The signal voltages are 2V rms to prevent a ripple at the 
LSB switching rate. This is because the 1LSB of analog 
feedback that prevents the output from flickering will be 
incorrectly scaled (see section “INTEGRATOR”). 

If the above precautions are taken, a very good noise and ripple 
performance is obtainable making the 2S82 velocity signal usable 
in very noisy environments, for instance in motor drive applications 
with PWM switching noise. 

The positional error curve of the converter and the resolver will 
result in an apparent acceleration when the resolver is rotating 
at a constant velocity. The main result of this will be a ripple on 
the velocity signal twice per revolution. 


CONNECTING THE RESOLVER 

The recommended connection circuit is shown in Figure 8. 



Figure 8. Connecting the 2S82 to a Resolver 

In cases where the reference phase relative to the input signals 
from the resolver requires adjustment, this can be easily achieved 
by varying the value of the resistor R2 of the HF filter (see 
Figure 1). 

Assuming that R1 =R2 = R and Cl = C2 = C 

and Reference Frequency = - — 

2tt K L- 

By altering the value of R2 the phase of the reference relative to 
the input signals will change in an approximately linear manner 
for phase shifts of up to 10 degrees. 

Increasing R2 by 10% introduces a phase lag of 2 degrees. 
Decreasing R2 by 10% introduces a phase lead of 2 degrees. 

For signal and reference voltages greater than 2V rms a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter. Care should be taken to 
ensure that the ratios of the resistors between the sine signal 
line and ground and the cosine signal line and ground are the 
same. Any difference will result in an additional position error. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

Plastic Leaded Chip Carrier 
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□ ANALOG 
DEVICES 


5S70/5S72 


Synchro and Resolver 
Isolation Transformers 


FEATURES 

Ultralow Profile - 0.4" (10mm) 

IkV Isolation Primary to Secondary 
High Accuracy (±1.5 Arc Min Max) 

APPLICATIONS 

Provides Signal and Reference Isolation for IS Series 
Resolver-to-Digital Converters (e.g., 1 SI 0/20/40/60/61, 
1 SI 4/24/44/64 and 1S74) 

Enables IS Series Converters to be Used with Synchro 
Inputs 

Allows IS Series Converters to be Used with Higher 
Signal and Reference Voltages 
External Mounting of the Transformer Eliminates High 
Voltages from Printed Circuit Boards 


GENERAL DESCRIPTION 

The 5S70 series of miniature transformers provide Resolver-to- 
Resolver and/or Synchro-to-Resolver format transformations and 
input isolation for the IS series of Resolver-to-Digital converters 
(e.g., IS 10/20/40/60/61, 1S14/24/44/64 and 1S74). 

The 5S70 series accept all the standard synchro and resolver 
signal voltages and give the 2V rms required by the IS series of 
converters. 

The additional error introduced by the 5S70 is ±1.5 Arc Minute 
maximum. 

The 5S72 transformers enable the reference input of the IS 
series converters to be isolated and to accept voltages higher 
than the standard 2V rms. 


5S70/5S72 CONNECTION DIAGRAM 



• DENOTES START OF WINDING 


All transformers operate over the 360Hz to 3kHz frequency 
range and have an operating temperature range of — 55°C to 
+ 125°C. 

The units are fitted with ruggedly secured threaded inserts to 
assist with PCB mounting. 

The dc isolation is IkV from primary to secondary and 5kV 
between any winding and the threaded insert. 

The 5S70 transformers measure only 2.25" x 1.12" x 0.4" 

(57.0 x 28.5 x 10.2) and the 5S72 transformers 1.12" x 1.12" x 0.4" 
(28.5x28.5x 10.2). 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


5S70 Transformers 


5S72 Transformers 




*'TC' READS 'S4' AND 'CT' READS 'NC' ON 414, 418 OPTIONS. 
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(typical @ + 25°C, unless otherwise specified) 


Model 

Parameters 

5S70 

/411 

5S70 

/412 

5S70 

/414 

5S70 

/418 

5S72 

/I1V8 

5S72 

/26V 

5S72 
/115 V 

Units 

INPUTS 









Transformation Format 1 

StoR 

StoR 

RtoR 

RtoR 

Ref. 

Ref. 

Ref. 


Transformation Ratio 

0.169 

0.022 

0.077 

1.000 

0.169 

0.077 

0.017 







0.288 

0.131 

0.030 


Input Voltage 2 

11.8 

90 

26 

11.8 

11.8 

26 

115 

Vrms 

Magnetization 









Energy @ 400Hz 

3.0 

17.0 

17.0 

3.0 

3.0 

3.0 

17.0 

mW 

OUTPUTS 





■BHBBHHB| 




Output Voltage 

2.0 

★ 

★ 

★ 


★★ 

★★ 

Vrms 









V rms 

Output Phase Shift 

0.1 

★ 

★ 

★ 

1 

M 

M 

Degrees 

Output Resistance 

7.4 

8.6 

2.2 

5.9 


ISIS 

HI 

a 







Bia 

IH 

o 

REFERENCE FREQUENCY 

360 to 3,000 

★ 

★ 

★ 

★ 

★ 

★ 

Hz 

ANGULAR ACCURACY 


BHM| 

■ 

■ 





(With 1 S Converters as Load) 


n 

$| p 






Typical 

±0.33 


a! 


N/A 

N/A 

N/A 

arc-mins 

Max 5 

±1.5 

BB 

BH 

1 

N/A 

N/A 

N/A 

arc-mins 

DC ISOLATION 


■ ■ 

jgHBH 

■ ■ 


■ I 

mm 


Input to Output 

1 


1 

D 

* 

H 


kV 

Primary or Secondary 



H B 

II 


II 

1 1 


to Threaded Insert 

5 




★ 


DH 

kV 

TEMPERATURE RANGE 


■ 

iHSHHI 

HI 


Bi 

Hfl 


Operating 

-55 to + 125 

Ih 


II 

★ 

PI 

I 

°C 

Storage 

-60 to +150 

1 

1 


★ 

1 

■ 

°C 

DIMENSIONS 

2.25x1.12x0.4 

mm 

mm 

BH 

1.12x1.12x0.4 

★* 

★★ 



57.0x28.5x10.2 

BH 

am 

BB 

28.5x28.5x 10.2 

★★ 

★★ 


WEIGHT 

1.8 

★ 

★ 

★ 

0.9 

*★ 

irk 

oz 


50 

★ 

★ 

★ 

25 

★★ 

kk 

g 


NOTES 

*S indicates Synchro. 

R indicates Resolver. 

N/A indicates Not Applicable. 

2 + 10% voltage overdrive allowed. 
3 2V 0 output. 


4 3V4 output. 

s Over the operating temperature range. 
♦Specification same as 5S70/41 1 . 
♦♦Specification same as 5S72/1 1 V8. 
Specifications subject to change without notice. 


APPLICATIONS/USER BENEFITS 

Apart from providing signal and reference isolation and allowing 
synchro inputs to be used with the IS series of converters, high 
voltages can also be eliminated from the PCB by mounting the 
transformers externally. 

In addition, by using a number of transformers on a PCB with a 
single converter, it is possible to cater for a number of different 
synchro and resolver configurations. 


MODELS AVAILABLE 

The 5S70 and 5S72 transformers are available with a variety of 
input voltage and format configurations. The transformers operate 
over the - 55°C to + 125°C temperature range and accept reference 
frequencies in the range 360Hz to 3kHz. 

ORDERING INFORMATION 

The transformers should be ordered by reference to the part 
numbers shown in the Specifications above. 
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□ ANALOG 

DEVICES Digital Director 


6S04 


FEATURES 

15 VA Output Drive Capability at 400 Hz 
±0.15° Accuracy 

Measurement of External Synchro Inputs 

Angle Position Indicator 

Control Transformer Function 

Coarse-Fine Synchro Transmission 

User Selectable Output Functions (Motion Patterns) 

Internal Isolating Transformers 

IEEE (GPIB 488) Interface (Optional) 

Isolated 16-Bit Natural Binary Outputs (Optional) 
Tachogenerator Output (Optional) 

APPLICATIONS 
Simulation and Test of: 

Synchro Transmitters 
Synchro Receivers 
Gun Mounting Servo Systems 
Radar Processing Equipment 
Naval Retransmission Systems 
Measurement of Backlash in Servo System Gear 
Boxes 

Test of Digitally Controlled Machines 
ATE Systems 


6S04 FUNCTIONAL BLOCK DIAGRAM 



COARSE 
SYNCHRO O/P 

FINE 

SYNCHRO O/P 


COARSE 
SYNCHRO I/P 
FINE 

SYNCHRO I/P 


COARSE CT. 
OUTPUT 
FINE CT. 
OUTPUT 


GENERAL DESCRIPTION 

The 6S04 Digital Director is a microprocessor based Universal 
Synchro Simulator and Test Instrument. 

It is designed as a portable Test Instrument and Synchro Simu- 
lator (Dummy Director) and its uses are the synchro transmitter 
electrical output simulation and testing of equipment with syn- 
chro inputs such as gun mounting sensors, radar processing and 
equipment and naval retransmission systems. 

The 6S04 can be considered as three autonomous units. 

The Director simulates the electrical outputs of a synchro 
coarse/fine transmitter. An operator can set the output of the 
director at any fixed angle and also select from a suite of pre- 
defined patterns of motion, referred to as “output functions.” 


The Angle Position Indicator measures and displays synchro 
format signals from either the director or an external synchro 
transmitter. The angular position of the selected source is dis- 
played on the front panel of the instrument. 

The Solid State Control Transformer simulates the action of a 
conventional control transformer by generating an analog signal 
proportional to the angular difference between the director out- 
put and the input from an external synchro transmitter. 
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(typical at +25°C unless otherwise specified) 


Electrical Specification 


MAINS POWER SUPPLY (Single Phase) 

Voltage Range 

Supply Current 

115 V ac (90 V ac-132 V ac) 

220 V ac/240 V ac (180 V ac-265 V ac) 

1.4 A (typ) 

2 A (max) (115 V ac) 

0.7 A (typ) 

1 A (max) (230 V ac) 

Dissipation 160W (typ) 

200 Watts (max) 

Supply Frequency 

47 Hz to 63 Hz 

Fuse 

2.5 A Anti-Surge (115 V ac) 

1.25 A Anti-Surge (230 V ac) 

Both 5 mm x 20 mm 

Isolation 

1000 V dc Input to Output 

1000 V dc Input to Case 

DUMMY DIRECTOR 

COARSE AND FINE REFERENCE INPUT (User Provided) 

Voltage 

115 V rms ±10% for Rated O/P 

3 V to 120 V rms for API Function 

Frequency 

60 Hz ± 10% or 400 Hz ± 10% 

Input Impedance 

220 kft (Nominal) 

Isolation 

500 V dc Galvanic Isolation 

INTERNAL COARSE OUTPUT 

Voltage 

(Synchro) 90 V ±2% Line-to-Line at Nominal 
Reference and 100% Output Level 
(SLAB) 4.25 V ±2% Line-to-Line at Nominal 
Reference and 100% Output Level 

Transformation Ratio 

0.782 ±2% (Synchro) 

0.037 ±2% (SLAB) 

Voltage Range 

50% to 110% of Nominal, 

Resolution 1%, Accuracy ±0.5% 

Resolution 

0.01% of Output 

Angular Accuracy 

±0.1° @ 5 VA 
±0.15° @ 15 VA 

Radius Vector Error 

±0.1% 

Energizing Power 

15 VA @ 400 Hz Reference 

5 VA @ 60 Hz Reference 

Energizing Current 

200 mA (max) 

Regulation 

Better than 5% at 5 VA 

Better than 10% at 15 VA 

Protection 

Protected Against Open and Short 

Circuits, and Thermal Overload with 
Automatic Reset 

Isolation 

500 V dc Galvanic Isolation 

Update Interval 

0.977 ms 

Effective Stator 

20 ft for 90 V Synchro Output 

dc Resistance 

1 ft for SLAB Output 

INTERNAL FINE OUTPUT 

As Above Except: 

Voltage 

(Synchro) 90 V ±2% Line-to-Line at 

Nominal Reference and 100% Ouput Level 
(SLAB) 11.8 V ±2% Line-to-Line at 

Nominal Reference and 100% Output Level 

Transformation Ratio 

0.782 ±2% (Synchro) 

0.037 ±2% (SLAB) 

Effective Stator 

20 ft for 90 V Synchro Output 

dc Resistance 

2.4 ft for SLAB Output 


EXTERNAL COARSE AND FINE INPUT (for API) 

Voltage (a) 90 V ±20% 

(b) 26 V ±20% 

(c) 11.8 V ±20% 

(d) 4.25 V ±20% 

Frequency Same as Reference 

Allowable Phase Shift ±30° Under Static Conditions 

(Signal to Reference) 

Input Impedance (a) 200 kft (Nominal) 

(b) 58 kft (Nominal) 

(c) 26 kft (Nominal) 

(d) 9.5 kft (Nominal) 

Isolation 500 V dc Galvanic Isolation 

Accuracy ±0.1° 

Resolution 0.01° 

CONTROL TRANSFORMER OUTPUT 
Voltage 57.5 V ±5% at Nominal External 

Synchro Input Level, No Load 90° Angular 
Difference 

Transformation Ratio 

Tolerance ±5% (a) 0.638 for 90 V Range Selected 

(b) 2.212 for 26 V Range Selected 

(c) 4.873 for 11.8 V Range Selected 

(d) 13.53 for 4.25 V Range Selected 

Load Impedance » to 10 kft 

Regulation 10% 

Angular Accuracy ±9 arc mins @ 0° Difference 

Null Voltage 150 mV (max) 

Protection Protected Against Open and 

Short Circuits 

Isolation 500 V dc Galvanic Isolation 

Update Interval 0.977 ms 

Voltage Gradient IV Per Degree at Angles <5° 

Effective Rotor dc 
Resistance 330 ft 

DIGITAL OUTPUT (Option 090) 

Collector Voltage 30 V dc max 

Collector Current (On) 1.6 mA min 
Collector Current (Off) 500 nA max 
Isolation 500 V dc 

Data Strobe Low 

Duration 20 p-s min 

Update Interval 0.977 ms 

TACHO OUTPUT (Option 900) 

Resolution 0.1 deg/sec 

Accuracy ±1% of Output 

Update Interval 0.977 ms 

Voltage 10 V ± 1% at Velocity of 90 deg/sec 

Relative to the Coarse Channel 
Scaling Factor 111 mV/deg/sec 

Load Impedance » to 10 kft 

Protection Protected Against Short Circuits 

Specifications subject to change without notice. 
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DIRECTOR FUNCTIONAL DESCRIPTION 

The director consists of two electronically geared transmitters, 
each capable of providing a synchro transmitter output to an 
accuracy of ±0.1° under full load conditions. The combined 
accuracy of the two signals is determined by the gearing 
employed. 

The signals may be selected to be either Synchro 90 V rms on 
both coarse and fine, or SLAB format, 4.25 V rms on coarse 
and 11.8V rms on fine. 

OUTPUT FUNCTIONS 

The user may select from the output functions below. 

1 . Datum Angle 

The combined coarse/fine output angle may be set at any 
angle between 0.00° to 359.99° to accuracy of ±0.1° and 
resolution of 0.01°. 

2. Constant Velocity 

The synchro output can be made to rotate at constant rates 
in either direction at velocities from ±0.01° per second to 
±359.99° per second. 

3. Square Wave 

The output can be made to oscillate with a square waveform 
with a period selectable to any integer between 1 and 100 
second and a peak-to-peak amplitude of between 0.00° and 
± 179.99°. The starting datum angle may be set at any angle 
in the range 0.00° to ±359.99°. 

4. Sine Wave 

The output can be made to oscillate sinusoidally with a 
period selectable to any integer between 1 and 100 second 
and a peak amplitude of between 0.00° to ±179.99°. The cen- 
ter of oscillation may be set to any angle within the range 
0.00° to ±359.99°. 

5. Velocity + Square Wave 

This function superimposes the velocity and square wave 
functions as described above. 

6. Manual Control 

Using the control knob, the velocity of the output angle can 
be varied mannually between 0° and ±90° per second on a 
logarithimic scale. In this mode, two push buttons are also 
enabled which allow the output angle to be stepped, either 
forwards or backwards by a fixed preselected amount between 
0.00° to ±179.99°. These “INCH” keys are also enabled with 
the velocity function thus allowing manual steps to be super- 
imposed on constant velocity. 


ANGLE POSITION INDICATOR (API) 

The API may be set to measure either the angle output from the 
Director or the angle input to the to the instrument from an 
external synchro transmitter. Either the coarse, the fine or the 
combined coarse and fine angle may be displayed. The display 
will normally be updated at a rate of approximately three times 
a second. 

SOLID STATE CONTROL TRANSFORMER (SSCT) 

The Solid State Control Transformer provides signals from both 
the coarse and fine channels, which are an indication of the 
angular difference between the director output, and the input 
from an external synchro transmitter. When used with 90 V, 

26 V, 11.8 V and 4.25 V an error signal is produced which is 
scaled to give a 1 volt per degree of error. The null voltage is 
150 mV maximum, which corresponds to an angular accuracy 
of 0.15°. 

IEEE INTERFACE (Option 009) 

The instrument can be provided with an IEEE 488 standard 24 
wire General Purpose Interface Bus, which allows any standard 
IEEE controller to remotely operate the unit. 

The IEEE standard 488 is a byte serial bit parallel interface sys- 
tem structured with 16 transmission lines of which 8 are data 
bus lines, 3 are data byte transfer control lines (handshake) and 
the remaining 5 are interface management lines. 

The controller can set the unit to either Talk or Listen mode. 

In the Listen mode the controller can operate the various key 
functions, and in the Talk mode it can read the instruments API 
display. Please refer to operating manual for operator setup pro- 
cedure for the IEEE Bus. 

Interconnections 

Refer to an IEEE handbook for detailed information and 
specifications. 


SYNCHRO & RESOLVER CONVERTERS 5-105 




DIGITAL OUTPUT (Option 090) 

The digital output consists of two 16-bit parallel data channels 
carrying digital representations of the coarse and fine output 
angles. These are automatically updated with the coarse and fine 
output angles. Data is in the form of an unsigned 16-bit binary 
integer with the most significant bit representing 180 degrees. 


BIT NO. 

BIT WEIGHT (°) 

1 (MSB) 

180 

2 

90 

3 

45 

4 

22.5 

5 

11.25 

6 

5.625 

7 

2.812 

8 

1.406 

9 

0.703 

10 

0.352 

11 

0.176 

12 

0.088 

13 

0.044 

14 

0.022 

15 

0.011 

16 (LSB) 

0.005 


DATA 


DATA VALID 


DATA VALID 


STROBE 


X 


/ 


K 


0.957 ms 


20 |as MIN 



Digital Output Timing 


PHYSICAL SPECIFICATIONS 

Dimensions 

Depth = 478 mm (18.8") 

Width = 432 mm (17") 

Height = 178 mm (7") 

Weight 

18.5 kg (40.78 lbs) 

Low Temperature 

Storage -25°C; Operating 0°C per 
MIL-STD-810D, Method 502.2, 

Procedure II 

High Temperature 

Storage +70°C; Operating +45°C 
per MIL-STD-810D, Medthod 501.2, 
Procedure II 

Humidity 

90% RH at 30°C per MIL-STD-810D, 
Method 507.2, Procedure III 

Moisture Ingress 

MIL-STD-810D, Method 507.2 

Procedure II 

Vibration 

DEF STAN 66-31 CAT II 

Fusing 

1.25 A, 2.5 A Anti-Surge (5 mm x 20 mm) 

Dissipation 

200 Watts max 

Safety 

Designed to Comply with BS4743 Class I 

Finish 

Anodized per BS1615 

Painted per BS3900 Part A8 

Light Grey 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
Tolerances ± 1 mm unless otherwise stated. 


TACHO OUTPUT (Option 900) 

The tacho output provides an analogue voltage signal via a BNC 
output socket which is proportional to the angular velocity of 
the coarse channel outputs. 

ORDERING INFORMATION 

9 9 9 

"I— IEEE 488 Interface 

Digital Output 

— — — Tacho Output 


Basic Instrument 


6S04 

J 


NOTES 

Insert 0 in place of 9 if option is not required. 
Options are factory fitted only. 

An operating manual is available upon request. 




FRONT 

PANEL 









1 

□ 

l _::□(! 








=1 


, 





• 

LI 

• 



• 

«* 17 (432) ► 


5-106 SYNCHRO & RESOLVER CONVERTERS 






Sample/Track-Hold Amplifiers 

Contents 


Page 

Selection Guide 6-2 

Orientation 6-3 

AD346 - High Speed Sample-and-Hold Amplifier 6-5 

AD386 - True 16-Bit Track-and-Hold Amplifier 6-11 

AD389 - High Resolution Track-and-Hold Amplifier 6-25 

AD582 - Low Cost Sample-and-Hold Amplifier 6-31 

AD583 - Sample-and-Hold Amplifier 6-35 

AD585 - High Speed Precision Sample-and-Hold Amplifier 6-37 

AD684 - Four Channel Sample-and-Hold Amplifier 6-43 

ADI 154 - Low Cost 16-Bit Accurate Sample-and-Hold Amplifier 6-51 

HTC-0300A - Ultrahigh Speed Hybrid Track-and-Hold Amplifier 6-57 

HTS-0010 - Ultrahigh Speed Hybrid Track-and-Hold Amplifier 6-61 

HTS-0025 - Ultrahigh Speed Hybrid Track-and-Hold Amplifier 6-67 


SAMPLE/TRACK-HOLD AMPLIFIERS 6-1 



6-2 SAMPLE/TRACK-HOLD AMPLIFIERS 


Selection Guide 

Sample/Track and Hold Amplifiers 




Acquisition 

Aperture 

Aperture 

Droop 






Specified 

Time 

Time 

Jitter 

Rate 






Accuracy 

(JLS 

ns 

ns 

pV/ps 

Package 

Temp 



Model 

% 

max 

typ 

typ 

max 

Options 1 

Range 2 

Page 

Comments 

*AD1154 

0.00076 

3.5 

80 

0.15 

0.1 

D 

C, I 

6-51 

16-Bit Accurate Sample-and-Hold Amplifier 

*AD386 

0.00076 

4.5 

12 

0.040 

0.1 

D 

I, M 

6-11 

16-Bit Accurate Sample-and-Hold Amplifier 

AD389 

0.003 

2.5 

30 

0.4 

0.1 

D 

C,I 

6-25 

High Resolution Track-and-Hold Amplifier 

HTC-0300A 

0.01 

0.1 

6 

0.05 

0.5 

D 

I, M 

6-57 

Ultrahigh Speed Track-and-Hold Amplifier 

*AD684 

0.01 

1.0 

25 

0.2 

0.001 

P,Q 

C, I, M 

6-43 

Quad, Monolithic lps SHA 

AD346 

0.01 

2.0 

60 

0.4 

0.5 

D 

C, M 

6-5 

High Speed Sample-and-Hold 

AD585 

0.01 

3.0 

35 

0.5 

1 

E, P, Q 

C, I, M 

6-37 

High Speed, Precision. On-Board Hold Cap 

AD583 

0.01 

5.0 

50 

5 


D 

C 

6-35 

5ps SHA 

HTS-0010 

0.01 

0.014 

2 

0.005 


D 

C,I 

6-61 

Ulitrahigh Speed Track-and-Hold Amplifier 

HTS-0025 

0.01 

0.025 

5 

0.02 


D 

c, I 

6-67 

Ultrahigh Speed Track-and-Hold Amplifier 

AD582 

0.1 

6.0 

200 

15 


D, H 

C, M 

6-31 

Low Cost, 15|as 


1 Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; H-Round Hermetic Metal Can (Header); P-Plastic Leaded Chip Carrier (PLCC); Q-Cerdip. 
2 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to + 125°C. 

Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 


Orientation 

Sample/Track-Hold Amplifiers 


The technical data in this volume embrace high-performance 
(high-resolution and high-speed) sample/track-holds in the form 
of monolithic and hybrid ICs. Besides the products in this section 
(stand-alone devices for performing the sample/track-hold func- 
tion) similar functions can be found integrated into a variety of 
component and subsystem products. Component examples: a 
number of video A/D converters have on-board track-holds 
(MOD-1205); the monolithic AD7579/7580 A/D converters have 
integral sample-hold functions; and high-resolution D/A converters 
have deglitcher options (Deglitcher IV for the DAC1138). Besides 
these, sample-hold functions are inherent in data-acquisition 
subsystems and microcomputer analog I/O boards. 

The principal application for sample/track-hold amplifiers is to 
maintain an analog-to-digital converter’s input constant during 
conversion at a value representing the analog input as of a certain 
precisely known time. The characteristics of the SHA are crucial 
to system accuracy and the reliability of the digital data, especially 
in > 12-bit and/or high-throughput-rate applications. 

A sample/track-hold amplifier (s/h or SHA), as its name indicates, 
has two modes of operation, programmed by a digital control 
input. In the track or sample mode, the output follows the input, 
usually with a gain of 4 - 1 . When the mode input switches to 
hold, the output of the SHA ideally retains the last value it had 
when the command to hold was given, and it retains that value 
until the logic input dictates track (sample), at which time the 
output ideally jumps to the input value and follows the input 
until the next hold command is given. 

Analog Devices’ track-holds and sample-holds are functionally 
identical; they are designed to acquire input signals for either 
immediate hold or for a possibly extended period of tracking. 
They should not be confused with ac devices termed “sample-hold” 
that can only obtain quick samples and cannot track the input 
continuously. 

SHA CIRCUITRY AND HARDWARE 

A sample-hold amplifier usually consists of a storage capacitor, 
input- and output-buffer amplifiers and a switch and its drive 
circuitry. During sample, the circuit is connected to promote 
rapid charging of the capacitor. During hold, the capacitor is 
disconnected from its charging source and ideally retains its 
charge. The following figure shows a typical feedback configura- 
tion: the input buffer is a high-gain differential amplifier with a 
current output that charges the capacitor through the logic-con- 
trolled switch. The capacitor is unloaded by a unity-gain buffer-fol- 


HIGH GAIN 
AMPLIFIER 



O 

MODE CONTROL 


lower. The output is fed back to the negative input (as in an op 
amp follower configuration), and thus, in sample the charge on 
the capacitor is compelled to follow the input. In hold, the input 
amplifier no longer drives the capacitor; it retains its charge, 
unloaded by the output follower. In another popular configuration, 
the capacitor is used as the feedback element of an inside-the-loop 
integrator (AD346). The highest-speed devices usually run open- 
loop. 

Since drive current is finite and leakage current in hold is not 
zero, the capacitance, if large, limits the slewing rate in sample 
and, if small, converts leakage current to “droop” in hold. In 
s/h modules, the capacitance is usually fixed, and the properties 
of the complete device are optimized for one condition, and so 
specified. In s/h monolithic ICs, the capacitor may be omitted 
and furnished by the user (both for flexibility and because good 
capacitors for this purpose are hard to integrate); the AD346 
and AD585 have internal hold capacitors. The optimum capaci- 
tance can be selected for the specific application. 

PERFORMANCE 

In the sample mode, it is useful to consider that a SHA’s per- 
formance can be characterized by specifications similar to those 
of a closed-loop operational amplifier (offset, drift, nonlinearity, 
gain error, bias current, etc.), but with somewhat slower response 
(gain-bandwidth, slewing rate, settling time) because of the need 
to charge the storage capacitor. 

However, during the sample-to-hold , hold and hold-to-sample 
states, the dynamic nature of the mode-switching introduces a 
number of specifications that are peculiar to SHAs. The most 
important of these are defined below and illustrated in the adjoining 
figure. They include the aperture time and its uncertainty, the 
sample-to-hold step, feedthrough and droop (in hold) and acquisition 
time. 
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DEFINITIONS 

Acquisition Time is the time required by the output of the device 
to reach its final value, within a specified error band, after the 
sample command has been given. Included are switch-delay 
time, the slewing interval and settling time for a specified output- 
voltage change. 

Aperture (Delay) Time is the time required after the hold command 
for the switch to open fully. The sample is, in effect, delayed by 
this interval, and the hold command would have to be advanced 
by this amount for precise timing. 

Aperture Uncertainty - or Aperture (Delay) Jitter - is the range of 
variation in the aperture time. If the aperture time is “tuned out” 
by advancing the hold command a suitable amount, this spec 


establishes the ultimate timing error, hence, the maximum sam- 
pling frequency to a given resolution. For example, the HTC- 
0300A specs are 8ns aperture time and lOOps aperture jitter. 

Charge Transfer (or offset step), the principal component of sample- 
to-hold offset (or pedestal ), is the charge transferred to the storage 
capacitor via stray capacitance when switching to the hold mode. 
It can sometimes be reduced by lightly coupling an appropriate 
polarity version of the hold signal to the capacitor for cancellation. 
The associated voltage error (AQ/C) can be reduced by using 
greater capacitance for storage, but this increases response time. 

Droop is the change of the output voltage during hold as a result 
of leakage or bias currents flowing through the storage capacitor. 
Its polarity depends on the sources of leakage current within a 
given device. In ICs, it is specified as a (droop or drift) current, 
in modules, a dV/dt. [Note: I = C(dV/dt).] 

Feedthrough is the fraction of the input signal variation or ac 
input waveform that appears at the output in hold. It is caused 
by stray capacitive coupling from the input to the storage capacitor, 
principally across the open switch. 

Sample-to-Hold Offset , a shift in level between the last value in 
sample and the value settled-to in hold , is the residual step error 
after the charge transfer is accounted for and/or cancelled. Since 
it is unpredictable in magnitude and may be a function of the 
signal, it is also known as offset nonlinearity. 
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□ ANALOG 
DEVICES 


High Speed 
Sample-and-Hold Amplifier 


AD346 


FEATURES 

Fast 2.0p,s Acquisition Time to ±0.01% 

Low Droop Rate: 0.5m V/ms 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 

Extended Temperature Range: -55°C to +125°C 
Internal Hold Capacitor 
MIL-STD-883B Processing Available 


AD346 FUNCTIONAL BLOCK DIAGRAM 


SUMMING PT 



ANALOG 

OUTPUT 


ANALOG 

GND 


PRODUCT DESCRIPTION 

The AD346 is a high speed (2|xs to 0.01%), adjustment free 
sample-and-hold amplifier designed for high throughput rate 
data acquisition applications. The fast acquisition time (2|xs to 

0.01%) and low aperture jitter (400ps) make it suitable for use 
with fast A/D converters to digitize signals up to 97kHz. 

The AD346 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. The AD346 is also laser trimmed to eliminate 
the need for external trimming potentiometers. 

Typical applications for the AD346 include sampled data systems, 
D/A deglitchers, peak hold functions, strobed measurement 
systems and simultaneous sampling converter systems. 

The device is available in two versions: the “J” specified for 
operation over the 0 to + 70°C commercial temperature range 
and the “S” specified over the extended temperature range, 

- 55°C to + 125°C. 

ORDERING GUIDE 


Model 

Temperature 

Range 

Package 

Option* 

AD346JD 

0 to + 70°C 

DH-14A 

AD346SD 

- 55°Cto + 125°C 

DH-14A 

AD346SD/883B 

-55°Cto+125°C 

DH-14A 


*See Section 14 for package outline information. 


PRODUCT HIGHLIGHTS 

1 . The AD346 is an improved second source for other sample 
and holds of the same pin configuration. 

2. The AD 346 provides separate analog and digital grounds, 
thus improving the device’s immunity to ground and switching 
transients. 

3. The droop rate is only 0.5mV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for very high speed data acquisition systems. 

PIN CONFIGURATION 


DIGITAL INPUT 
NIC 
NIC 

DIGITAL GND 
NIC 

ANALOG GND 
OFFSET ADJ 


E 

E 

E 

E 

E 

E 

E 


AD346 

(TOPI 


El 

El 

El 

El 

El 


-15V 

ANALOG INPUT 
SUMMING PT 
+ 15V 
NIC 

OFFSET ADJ 
ANALOG OUTPUT 
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(typical @ + 25°C, V s = ± 15V unless otherwise noted) 


Model 

AD346JD 

AD346SD 

Units 

ANALOG INPUT 




Voltage Range 

±10.0 

★ 

Volts 

Input Impedance 

3.0 

★ 

kfl 

DIGITAL INPUT 




“0” Input Threshold Voltage (Hold) 

+ 0.8 max 

★ 

Volts 

“1” Input Threshold Voltage (Sample) 

2.0 min 

★ 

Volts 

“0” Input Current 

- 360pA (max) 

★ 

pA 

“1” Input Current 

20pA (max) 

★ 

pA 

TRANSFER CHARACTERISTICS 




Gain 

-1.0 

★ 

V/V 

Gain Error 

± 0.02 max ( ± 0.01 typ) 

★ 

% FSR 

Gain Error, T min -T max 

± 0.05 max ( ± 0.03 typ) 

★ 

% FSR 

Offset Voltage 

± 3 max ( ± 1 typ) 

★ 

mV 

Offset Voltage, T^- T max 

± 20 max (±6 typ) 

★ 

mV 

Pedestal 

± 4 max (±2 typ) 

★ 

mV 

Pedestal, T^j, — T max 

± 20 max (±8 typ) 

± 20 max (± 10 typ) 

mV 

Droop Rate 

0.5 max (0. 1 typ) 

* 

mV/ms 

Droop Rate, T min - T max 

60 max (20 typ) 

700 max (200 typ) 

mV/ms 

DYNAMIC CHARACTERISTICS 




Full Power Bandwidth 




Vout ~ 4- 10V, — 3dB 

1.4 

★ 

MHz 

Output Slew Rate 

50 

★ 

V/ps 

Acquisition Time 




To ±0.01% 10V Step 

2.0 max (1.0 typ) 

★ 

ps 

To ±0.01% 20V Step 

2.5 max (1.6 typ) 

★ 

ps 

Aperture Delay 

60 max (30 typ) 

★ 

ns 

Aperture Jitter 

0.4 

★ 

ns 

Settling Time 




Sample Mode (10V Step) 

2.0 max (1.0 typ) 

★ 

ps 

Sample to Hold 

500 

★ 

ns 

Feedthrough (Hold Mode) 




at 1kHz 

0.02 max (0.005 typ) 

★ 

% FSR 

Transient Peak Amplitude 




Sample/Hold/Sample 

40 

★ 

mV 

ANALOG OUTPUT 




Output Voltage Swing 1 

± 10.0 min 

★ 

Volts 

Output Current 

3.0 

★ 

mA 

POWER REQUIREMENTS 




Operating Voltage Range 

±12 to ±18 

★ 

Volts 

Supply Current 




+ V 

18 max (9 typ) 

★ 

mA 

-V 

- 10 max ( - 3 typ) 

★ 

mA 

Power Supply Rejection Ratio 

100 

★ 

p V/V 

Power Consumption 

500 max (200 typ) 

★ 

mW 


NOTES 


Maximum output swing is 4V less than + V s . 
♦Specifications same as AD346JD. 
Specifications subject to change without notice. 



ANALOG 

OUTPUT 


ANALOG 

GND 


Figure 1. Functional Block Diagram 
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AD346 



0 5 10 15 

OUTPUT VOLTAGE SWING 

Figure 2. Acquisition Time vs. Output Voltage 



Figure 4. S/H Offset Drift (Typical) 





. 



V Input = ± 5V 












0.01% FSR 




— 

~T ' 


— 



0.1% FSR 


^ _ 



L 












-55 -25 



TEMPERATURE - °C 


TEMPERATURE - °C 


Figure 3. Acquisition Time vs. Temperature 


Figure 5. Droop vs. Temperature (±5 Volts) 


TERMINOLOGY 

Aperture Time is the time required after the “hold” command 
until the switch is fully open and produces a delay in the effective 
sampling timing. 

Aperture Jitter is the uncertainty in Aperture Time. If the Aperture 
Time is “tuned out” by advancing the sample-to-hold command 
with respect to the input signal, the Aperture Jitter now determines 
the maximum sampling frequency. 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the “held” value 
as a result of device leakage. 

Feedthrough is that component of the output which follows the 
input signal after the switch is open. As a percentage of the 
input, feedthrough is determined as the ratio of the feedthrough 
capacitance to the hold capacitance (C f /Ch)- 

Pedestal during hold is a sample-to-hold offset. This is an offset 



LOGIC INPUT 


Figure 6. Pictorial Sho wing Various S/H Characteristics 

that occurs from such phenomena as charge dumps when switches 
are opened, coupling of the logic signal transients. 

Transients are the spikes or glitches that occur on the output at 
the start and end of hold time. 
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GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pins of the AD346. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 



•IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 


Figure 7. Basic Grounding Practice 
SAMPLED DATA SYSTEMS 

The fast acquisition time of the AD346 when used with a high 
speed A/D converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acqusition 
systems. The AD346 can be used with a number of different 
A/D converters to achieve high throughput rates. Figures 8, 9 
and 10 show the use of an AD346 with the AD578, AD5240 
and AD ADC85. 




Figure 9. 142. 8kHz- 12-Bit, A/D Con version System 



Figure 10. 83.3kHz- 12-Bit, A/D Conversion System 


In sampled data systems there are two limiting factors in digitizing 
high frequency signals. The first limitation is the bandwidth 
and aperture uncertainty of the sample-and-hold amplifier. The 
second limitation is the maximum update rate for the SHA and 
A/D converter combination. For high throughput rate data 
acquisition systems all factors must be understood. 

The aperture time is the time required for the sample and hold 
amplifier to switch from sample to hold. Since this is a constant 
it can be tuned out by advancing the sample-to-hold command 
by 60ns with respect to the input signal and, therefore, can be 
eliminated as an error source. Once the aperture time has been 
eliminated the aperture jitter which is the variation aperture 
time from sample-to-sample, remains. The aperture jitter is a 
true error source and must be considered. The aperture jitter is 
a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the dW 
dt of the analog input. 


Figure 8. 1 53kHz- 12-Bit, A/D Con version System 
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The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the A/D converter. 

_ (Full Scale Voltage) (2~ N ) 

max (2) (Full Scale Voltage) tt (Aperture Jitter) 

For an application with a 10-bit A/D converter with a 10V full 
scale: 

= ( 10 ) 2~ 10 

max (2) (10) tt(4 x 10-10 S ec) 


For an application with a 12-bit A/D converter with a 10V full 
scale: 

P = (10) 2-12 

max 2 (10) -IT (4 x 10-10 sec) 

F m ax - 97.1kHz. 

The maximum throughput rate is the sum of the sample-and-hold 
acquisition time, settling time and the A/D conversion time as 
shown in Figure 1 1 . 


The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in “under sampling” or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, what has been assumed 
is that an ideal brickwall filter has been placed in the signal 
path prior to the AD346 and A/D converter. 


AD346 in 

Combination Throughput 
With an Rate 


AD578K 
AD5240 
ADADC85 
AD579 
HAS 1202 


153kHz 

143kHz 

83.3kHz 

263kHz 

250kHz 


Input Frequency 
Range 

dc to 76.5kHz 
dc to 71.5kHz 
dc to 4 1.6kHz 
dc to 131kHz 
dc to 125kHz 


Table I. SHA & ADC Combinations and Maximum 
Throughput Hate 


CONVERSION AC 0F [CONVERSION OF 


STATUS CONNECTED TO SAMPLE AND HOLD MODE CONTROL 


Figure 1 7. Start/Status Timing for Sampled Data System 


MULTICHANNEL CONVERSION 

In multichannel conversion systems, elements of the acquisition 
chain may be shared by two or more input sources. This sharing 
may occur in a number of ways, depending on the desired prop- 
erties of the multiplexed system. 

The data acquisition system shown in Figure 12 is one solution 
to digitizing data from many analog channels. For most efficient 



STATUS CONVERT 
START 


Figure 12. Data Acquisition System 


use of time, the multiplexer is acquiring the next channel to be 
converted while the sample-hold is holding the previous output 
level for conversion. When conversion is complete, the status 
line from the converter causes the S/H to return to the sample 
mode and acquire the new data. After the acquisition time is 
completed, the sample hold can be switched to hold. A conversion 
can then begin and the multiplexer can be switched to the next 
channel. 

In applications where the AD346 is to be driven from high 
impedance sources or directly from an analog multiplexer, a fast 
slewing, fast settling wideband op amp like the ADLH0032 
should be used as an input buffer. 
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FEATURES 

Companion to True 16-Bit A/D Converters 
16-Bit Linear (~40°C to +85°C) 

14-Bit Linear (-55°C to +125°C) 

Fast Acquisition Time: 3.6 ps to 0.00076% 
Low Droop Rate: 20 pV/ms 
Differential Amplifier for Ground Sense 
Low Aperture Jitter: 40 ps 

APPLICATIONS 

Medical and Analytical Instrumentation 
Signal Processing 

Multichannel Data Acquisition Systems 
Automatic Test Equipment 
Guidance and Control 
Sonar 


PRODUCT DESCRIPTION 

The AD386 is a high accuracy, adjustment free track-and- 
hold amplifier designed for high resolution data acquisition 
applications. The fast acquisition time (3.6 ps to 75 pV) and 
low aperture jitter (40 ps) make it ideal for use with fast A/D 
converters. 

The AD386 is complete with an internal hold capacitor, and it 
incorporates a compensation network which minimizes the 
track-to-hold charge offset and dielectric absorption. The 
AD386 also includes an internal differential amplifier for very 
high accuracy applications. 



NC= NO CONNECT 
±15 Vb - DIFF AMP ONLY 
±15 Va-SHA ONLY 


AD386 Pin Configuration 


True 16-Bit 
Track-and-Hold Amplifier 


AD386 


AD386 FUNCTIONAL BLOCK DIAGRAM 



Typical applications for the AD386 include sampled data sys- 
tem, peak hold function, strobe measurement system and simul- 
taneous sampling converter systems. When used with autozero 
and autocalibration techniques, this T/H combined with a high 
linearity A/D will offer true 16-bit performance (0.00076% 
linearity) over the industrial temperature range, and 14-bit per- 
formance (0.003% linearity) over the military temperature range, 


ORDERING GUIDE 


Model 

Max Linearity 
Error 

Temperature 

Range 

Package 

Option* 

AD386BD 

AD386TD 

0.00076% FSR 
0.003% FSR 

-40°C to +85°C 
-55°C to + 125°C 

Ceramic (DH-24B) 
Ceramic (DH24B) 


*See Section 14 for package outline information. 
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[@ +25°C unless otherwise noted, V s = ±15 V ±10%) 




AD386BD 

AD386TD 


Model 

Conditions 

Min Typ Max 

Min Typ Max 

Units 

DIFFERENTIAL AMPLIFIER 





INPUT CHARACTERISTICS 





Input Range 


±10 

±10 

V 

Common-Mode Range 


±10 

±10 

V 

Input Resistance 1 





Signal 


5 

5 

m 

Ground Sense 


10 

10 

kCl 

Offset 2 


0.6 2.0 

0.6 2.0 

mV 

Offset Drift 

T min to T maY 

10 30 

10 30 

|xV/°C 

CMRR 

Vcm = ±10 

80 90 

80 90 

dB 

PSRR 3 


76 85 

76 85 

dB 

TRANSFER CHARACTERISTICS 





Gain 


-1 

-1 

V/V 

Gain Error 


0.02 

0.02 

% 

Gain Error Drift 

T min to T max 

1 5 

1 5 

ppm/°C 

Gain Linearity 


0.0002 0.00076 

0.0002 0.003 

% 

Gain Linearity Drift 

nr r T' 

A min LU 1 m;lv 

0.01 0.05 

0.01 0.05 

ppm/°C 

Noise (ENBW =1.8 MHz) 


32 45 

32 45 

|xV rms 

DYNAMIC CHARACTERISTICS 





Small Signal Bandwidth 


6 

6 

MHz 

Slew Rate 


65 

65 

V/fxs 

Settling Time 4 





10 V Step to 1/2 LSB16 


2.0 3.0 


(JLS 

10 V Step to 1/2 LSB14 


0.8 1.5 

0.8 1.5 

|XS 

20 V Step to 1/2 LSB16 


2.0 3.0 


|xs 

20 V Step to 1/2 LSB16 

T min to T max 

2.0 3.0 


JJL S 

20 V Step to 1/2 LSB14 


0.8 1.5 

0.8 1.5 

(JLS 

20 V Step to 1/2 LSB14 

T min to T max 

0.8 1.5 

0.8 1.5 

|XS 

OUTPUT 





Voltage 

Rload-^.S kfl, 





T min to T max 

±10 

±10 

V 

Current 

Short Circuit 

15 

15 

mA 

POWER SUPPLY 





Rated Performance 


±15 

±15 

V 

Operating Range 


±5 ±18 

±5 ±18 

V 

Quiescent Current 


4.2 5.0 

4.2 5.0 

mA 

TRACK-AND-HOLD 





INPUT CHARACTERISTICS 





Input Range 


±10 

±10 

V 

Input Resistance 1 


5 

5 

kfl 

Offset 2 


0.6 2.0 

0.6 2.0 

mV 

Offset Drift 

T min to T max 

10 30 

10 30 

|xV/°C 

TRANSFER CHARACTERISTICS 





Gain 


-1 

-1 

V/V 

Gain Error 


0.02 

0.02 

% 

Gain Error Drift 

T ml „ to T max 

1 5 

1 5 

ppm/°C 

Gain Linearity 


0.0002 0.00076 

0.0002 0.003 

% 

Gain Linearity Drift 

T m ,„ to T max 

0.01 0.05 

0.01 0.05 

ppm/°C 

PSRR 3 


76 85 

76 85 

dB 

DYNAMIC CHARACTERISTICS 





Small Signal Bandwidth 


2 

2 

MHz 

Slew Rate 


15 

15 

V/|xs 

TRACK-TO-HOLD SWITCHING 





Pedestal 4- Offset 


0.5 1.5 

0.5 1.5 

mV 

Pedestal + Offset 

T min to T max 

5.0 

7.5 

mV 

Pedestal Linearity 

T min to T max 

0.0004 0.00076 


% 

Aperture Delay 


12 

12 

ns 

Aperture Jitter 


40 

40 

ps 

Transient Settling 4 





to 1/2 LSB16 

Tmin tO T max 

600 800 


ns 

to 1/2 LSB14 

T^n to T max 

400 500 

400 500 

ns 


6-12 SAMPLE/TRACK-HOLD AMPLIFIERS 





AD386 


Model 

Conditions 

Min 

AD386BD 

Typ Max 

Min 

AD386TD 

Typ Max 

Units 

HOLD MODE 










Droop Rate 




20 

100 


20 

100 

mV/s 

Droop Rate 

T^ 



0.2 

1.0 


3.6 

18 

V/s 

Feedthrough 5 




-99 

-94 


-99 

-94 | 

dB 

Noise (ENBW = 1.7 MHz) 




32 

50 


32 

50 

|xV rms 

PSRR 3 



60 

66 

| 

60 

66 


dB 

Dielectric Absorption 6 




7 

10 


7 

10 

ppm 

HOLD-TO-TRACK DYNAMICS 










Acquisition Time 4 










10 V Step to 1/2 LSB16 




3.6 

4.1 




(JLS 

10 V Step to 1/2 LSB 14 




3.1 

3.6 


3.1 

3.6 

[AS 

20 V Step to 1/2 LSB 16 




3.6 

4.1 




[AS 

20 V Step to 1/2 LSB16 

T^ 

to T max 


4.0 

4.5 




[AS 

20 V Step to 1/2 LSB 14 




3.1 

3.6 


3.1 

3.6 

[AS 

20 V Step to 1/2 LSB 14 

T min 

to T max 


3.5 

4.0 


4.0 

4.5 

[AS 

DIGITAL INPUTS 










v IH 

T^ 

to T max 

2.4 



2.4 



V 

v IL 

T min 

to T max 



0.8 



0.8 

V 

Iih 

T^ 

to T^ 

-10 


+ 10 

-10 


+ 10 

[aA 

IlL 

T min 

to T max 

-10 


+ 10 

-10 


+ 10 

|aA 

OUTPUT 










Voltage 

R L oad> 3.5 kfl. 









T min 

to T^ 

±10 



±10 



V 

Current 

| Short Circuit 


15 



15 


mA 

POWER SUPPLY 










Rated Performance 




±15 



± 15 


V 

Operating Range 



± 8 


±18 

± 8 


±18 

V 

Quiescent Current 










Positive Supply 




8.0 

12.0 


8.0 

12.0 

mA 

Negative Supply 



-6.0 

-5.4 


-6.0 

-5.4 


mA 

SYSTEM 










Gain Linearity 

T min 

to T max 


0.0003 

0.00076 


0.0003 

0.003 

% 

Acquisition Time 4, 7 










20 V Step to 1/2 LSB 16 




4.1 

5.1 




[AS 

20 V Step to 1/2 LSB 16 

T^ 

to T max 


4.5 

5.4 




[AS 

20 V Step to 1/2 LSB 14 




3.2 

3.9 


3.2 

3.9 

[AS 

20 V Step to 1/2 LSB 14 

T^ 

to T max 


3.6 

4.3 


4.1 

4.8 

[AS 

Power Dissipation 




312 

435 


312 

435 

mW 

TEMPERATURE RANGE 










Operating 



-40 


+85 

-55 


+ 125 

°C 

Storage 



-60 


+ 150 

-60 


+ 150 

°C 


NOTES 

'Typical resistance tolerance is ±25%. 

2 After 5 minute warmup at +25°C. 

3 Test conditions: +V S = +15 V, -V s = -16 V to -14 V and +V S = +14 V to +16 V, -V s = -15 V. 

4 R LO ad = 5 kfl, C LOAD = 10 pF, settling measured to 1/2 LSB at output. 

5 Measured at 1 kHz. 

6 Dielectric Absorption represents the magnitude of long-term settling artifacts for hold times up to 80 |xs as a fraction of the difference in 
voltages between two successive held samples. 

Specifications also apply for 10 V step. 

Specifications subject to change without notice. 

Specifications in bold are 100% production tested. 


ABSOLUTE MAXIMUM RATINGS 1 


Supply Voltage ± 1 8 V 

Internal Power Dissipation 800 mW 

Input Voltage 2 ±18V 

T/H Input Voltage -0.5 V, + 16 V 

Output Short Circuit Duration Indefinite 

Storage Temperature Range -65°C to + 150°C 

Operating Temperature Range 

AD386B -40°C to + 85°C 

AD386T -55°C to + 125°C 


Lead Temperature Range (Soldering 60 sec) + 300°C 

NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2 For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 
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Typical Performance Characteristics 



100 Ik 10k 100k 1M -50 -25 0 +25 +50 +75 +100 +125 100 Ik 10k 100k 1M 

FREQUENCY - Hz TEMPERATURE - °C FREQUENCY - Hi 


Figure 1. Differential Amplifier Common Figure 2. Differential Amplifier Common Figure 3. Differential Amplifier Power 
Mode Rejection vs. Frequency Mode Rejection vs. Temperature Supply Rejection vs. Frequency 

(100 Hz) 



0 5 10 15 20 -50 -25 0 +25 +50 +75 +100 +125 100 Ik 10k 100k 1M 


STEP SIZE - V p-p TEMPERATURE - °C FREQUENCY - Hz 

Figure 4. Differential Amplifier Settling Figure 5. Differential Amplifier Settling Figure 6. T/H Power Supply Rejection vs. 
Time vs. Step Size Time vs. Temperature Frequency, Track Mode 




100 Ik 10k 100k 1M 

FREQUENCY - Hz 


Figure 7. T/H Power Supply Rejection 
vs. Frequency, Hold Mode 



1.0 5 10 15 20 -50 -25 0 +25 +50 +75 +100 +125 

STEP SIZE - V p-p TEMPERATURE - *C 


Figure 8. T/H Acquisition Time vs. Step Figure 9. T/H Acquisition Time vs. 
Size Temperature 
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AD386 



100 Ik 10k 100k 1M 

FREQUENCY - Hz 


Figure 10. Feedthrough 
vs. Frequency 



-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE - °C 


Figure 1 1. Droop Rate 
vs. Temperature 
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-50 - 25 0 + 25 + 50 + 75 +100 +125 


TEMPERATURE - X 

Figure 12. (Pedestal + Offset) 
vs. Temperature 



TERMINOLOGY 

Aperture Delay: the time required by the internal switch(es) to 
disconnect the hold capacitor from the input, which produces an 
effective delay in the sample timing. 

Aperture Jitter: the uncertainty in Aperture Delay caused by 
internal noise and the variation of switching thresholds with sig- 
nal level. The error caused by aperture jitter depends on the 
rate of change of the input and as such determines the maxi- 
mum input frequency which can be sampled without error. 

Pedestal, a step change in the output voltage which occurs when 
switching from track mode to hold mode. 

Hold Mode Settling Time: the time required for the pedestal to 
reach its final value to within a specified fraction of full scale. 

Droop: the change in the held output voltage resulting from 
leakage currents. 


Feedthrough: the fraction of input signal variation which appears 
at the output in hold mode as a result of capacitive coupling. 

Dielectric Absorption: the tendency of charges within a capacitor 
to redistribute themselves over time, resulting in “creep” in the 
voltage of an open circuit capacitor after a large rapid change. 

Acquisition Time: the time required after entering track mode for 
the voltage on the hold capacitor to settle to within a specified 
fraction of full scale. This is usually specified for a full-scale 
step change in output voltage. 

Settling Time: the time required in track mode for the output to 
reach its final value within a specified fraction of full scale fol- 
lowing a step change in the input voltage. 

Nonlinearity: the degree to which a plot of output versus input 
deviates from the straight line defined by the end points. It is 
usually specified as a percentage of full scale. 
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THEORY OF OPERATION 

The architecture of the AD386 differs from that usually encoun- 
tered in inverting Track-and-Hold (T/H) circuits. The hold 
capacitor in a conventional T/H (Figure 14) is always connected 
from the amplifier’s output to its inverting input. In track mode 
switch A is open and switch B is closed. Since the summing 
junction is a virtual ground, the voltage across the capacitor fol- 
lows the input. The switches change state in hold mode which 
disconnects the capacitor from the input and holds the output 
voltage constant. The clamping action of switch A reduces the 
variations across switch B, improving feedthrough performance. 



Figure 14. Conventional Inverting Integrator T/H 

This circuit forces several tradeoffs. The hold capacitor’s charg- 
ing current is limited by the input resistor. Either the resistor or 
the capacitor, or both, must be made small to obtain fast acqui- 
sition times. A small resistor creates greater demands on the cir- 
cuit which drives the T/H, while a small capacitor leads to 
increased pedestal and droop. In addition, the parallel combina- 
tion of the feedback resistor and the hold capacitor acts as a low 
pass filter and constrains both bandwidth and acquisition time. 

The AD386 uses a four-switch flyback architecture which re- 
moves the hold capacitor from the feedback loop during track 
mode (Figure 15). Switches A and C are open in track mode 
while switches B and D are closed. This maximizes bandwidth 
and provides minimum acquisition time because the charging 



current delivered to the hold capacitor is limited only by the 
amplifier’s output capability. The hold capacitor can be made 
larger, subject to amplifier stability, since it no longer appears in 
parallel with the feedback resistor. This helps to reduce droop 
and pedestal. Switches A and C close in hold mode while 
switches B and D open, which connects the hold capacitor to 
the amplifier’s inverting input. 

Additional switches and capacitors, not shown in the figure, 
provide first order cancellation of amplifier and switch leakage 
currents, switching charge injection, and switch feedthrough. 
Finally, a small amount of positive feedback is used to reduce 
dielectric absorption effects. 

TRACK-AND-HOLD ERROR CONTRIBUTIONS IN 
SAMPLED-DATA SYSTEM 

Any track-and-hold amplifier imposes performance limits on the 
system in which it is used. Some of these limits can be derived 
from the theory of sampled-data systems, some are intrinsic to 
the T/H, and some depend on details of the system design. 

Many subtle effects come into play as system resolution 
increases to 14 or 16 bits, and these can contribute significant 
errors. Understanding T/H error sources is critical to maintain- 
ing signal integrity in a high resolution data acquisition system. 

FREQUENCY LIMITATIONS 

Three factors set fundamental limits on system performance 
when digitizing high frequency signals. These are: T/H ampli- 
fier bandwidth, aperture uncertainty, and the maximum update 
rate of the T/H and A/D combination. The track mode band- 
width of the T/H must be significantly greater than the band- 
width of the signals being digitized to prevent the introduction 
of amplitude and phase errors. The 2 MHz small signal band- 
width of the AD386 attenuates a 35 kHz signal by 0.001 dB and 
shifts its phase by 1.0 degrees. 

There are two different aperture related error terms. The first is 
aperture delay time, the delay between the HOLD command 
and the complete opening of internal switches in the T/H. This 
time amounts to a negative phase delay applied to the input sig- 
nal because the T/H output can actually continue to track the 
input for a brief time after the HOLD command. Aperture 
delay time can be “tuned out” by advancing the assertion of 
HOLD. 

Aperture jitter, the random variations in aperture delay time, 
causes errors which are directly related to the rate of change of 
the input signal and which cannot be eliminated by circuit 
adjustments. 

A simple calculation provides the frequency at which aperture 
jitter produces an error of 1/2 LSB when the input is a full-scale 
sinusoid. The general result for an N-bit A/D converter is 

_ Vjs 1 

max Vpp X 2 N+ 1 x 7 t x Aperture Jitter 

where V F s is the A/D converter’s input range and V PP is 
the peak-to-peak value of the input sinusoid. The worst case 
(minimum) value of F max occurs when V PP is equal to V FS . 

If the T/H has an aperture jitter of 100 ps and is used with a 
16-bit linear A/D, the maximum input frequency is 24.3 kHz. 


Figure 15. Four-Switch Inverting Flyback T/H 
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The same T/H, when used with a 14-bit linear A/D, permits 
the processing of signals up to 97.1 kHz before aperture jitter- 
errors become observable. Figure 16 shows these errors as 
a function of frequency, assuming a full scale input sinusoid, for 
several values of aperture jitter. 



APERTURE JITTER - ps rms 

Figure 16. T/H Error vs. Aperture Jitter and Input 
Frequency 

Aperture jitter is often expressed as an rms number. “Peak-to- 
peak” aperture jitter is usually defined as 6 times this rms value. 
This comes from probability theory, where 99.7% of the mea- 
surements of a random variable will be within 3 standard devia- 
tions of the variable’s average value. Aperture jitter arises from 
broadband electrical noise, which is very nearly an ideal random 
process with a standard deviation equal to its rms value, so mul- 
tiplication by 6 gives a good approximation to the noise’s peak- 
to-peak value. 

A second limit on the input frequency is imposed by the finite 
time required for signal acquisition and conversion. It is possible 
to reconstruct any uniformly sampled signal without loss of 
information provided the sampling rate is at least twice the 
bandwidth of the input signal; this is the Nyquist criterion, a 
fundamental result in sampling theory. This limits input 
frequency to 

1 

F max = 

2 X [tACQ + tCONV + tAP) 

where t ACQ is the T/H acquisition time, T CONV is the time re- 
quired for the A/D conversion, and T AP is the aperture delay of 
the T/H. The last term is usually very small and can be ignored. 
A system composed of a 3.6 jxs T/H and a 10 ps A/D can be 
used successfully to digitize signals with frequency components 
up to 36.76 kHz. This limit is independent of input signal 
amplitude. Throughput rates and input frequency ranges for the 
AD386 in combination with various A/D converters are shown 
in Table I. 




Minimum 

A/D 

Conversion Time 

Throughput 

ADADC71 

50 p,s max 

18.7 kHz 

AD 1376/78 

17 jxs max 

48.8 kHz 

AD1377 

10 jxs max 

73.5 kHz 


Table I. Throughput for AD386 with Various A/D 
Converters 


NONLINEARITIES 

Two phenomena directly affect the fidelity of a T/H’s transfer 
function and can degrade system linearity. One of these error 
sources is track mode nonlinearity. It arises primarily from gain 
nonlinearity in the T/H’s internal amplifier(s). Mismatches in 
the temperature coefficients of internal resistors may also con- 
tribute, but usually do so only for very low frequency signals. 
The AD386’s track mode nonlinearity is about 1/6 16-bit LSB 
(Figure 17), as is the nonlinearity of the AD386’s differential 
amplifier. 

System linearity will also be reduced if the pedestal varies non- 
linearly with signal level. Pedestal nonlinearity in the AD386 is 
below 8 microvolts per volt of input signal, or about 1/2 16-bit 
LSB. 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

INPUT VOLTAGE 


Figure 17. AD386 Track Mode Nonlinearity 

FEEDTHROUGH, DROOP, AND DIELECTRIC 
ABSORPTION 

Errors resulting from signal feedthrough and 'roop must be less 
than 1/2 LSB in order for the system’s linearity to be main- 
tained. The AD386 uses a symmetrical, compensated architec- 
ture to minimize both these effects. Feedthrough varies slightly 
with input frequency from -100 dB below 1 kHz to -86 dB 
above 100 kHz (Figure 10). This provides 16-bit accuracy for 
full-scale inputs up to at least 5 kHz and 14-bit performance to 
beyond 100 kHz. 

The circuit’s symmetry causes the droop rate to depend on dif- 
ferences in leakage currents between identical junctions under 
nearly identical bias conditions. The resulting droop is less than 
1/2 16-bit LSB (10 V scale) at temperatures up to 85°C and 
1/2 14- bit LSB (10 V scale) over the full military temperature 
range for hold times up to 100 fxs. 

Capacitors exhibit a memory phenomenon, dielectric absorption 
(DA), in fast charge, long hold applications. This arises from 
nonideal behavior of the dielectric material which allows charge 
storage in the bulk of the dielectric. This bulk charge cannot be 
removed rapidly because of the long time constant associated 
with the dielectric’s high resistance. A capacitor with dielectric 
absorption can be modeled as an ideal capacitor in parallel with 
a series R-C circuit as shown in Figure 18. When such a capaci- 
tor is used as the hold capacitor in a T/H the held voltage will 
tend to creep back towards the voltage held for the previous 
conversion cycle. The degree and time constant of this behavior 
depends on the capacitor’s dielectric material, as well as on the 
charge and hold time of the circuit. 
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Dielectric absorption will cause a variable “offset” if a T/H is 
used to sample multiple channels with widely varying signals. 
This causes an apparently nonlinear pedestal because the differ- 
ence between the currently measured voltage and the previously 
measured voltage determines the magnitude of the DA error. 

The AD386 uses a high quality hold capacitor with low intrinsic 
DA. Residual DA errors are further reduced by laser trimming 
a compensation network during the manufacturing process. The 
trimming is performed under typical system timing conditions of 
5 (jls track, 45 |jls hold. The post-trim dielectric absorption error 
is less than 1/2 16-bit LSB for full-scale changes between sam- 
ples and hold times between 10 fxs and 100 |xs. 




Figure 18. Capacitor Model with Dielectric Absorption 



NOISE 

Noise generated in a T/H adds to the held signal and causes 
variations in the output code of an A/D. This noise has two 
components, one which arises during track mode and another 
contributed during hold mode. The rms sum of these terms 
determines the noise performance of the T/H in the system. 

Track noise is the noise which gets sampled when entering hold 
mode. An inverting T/H architecture such as that used in the 
AD386 has a noise gain of 2. This noise is low pass filtered in 
the R-C network comprised of the hold capacitor and the switch 
on resistance (see Figure 19a). The rms value of the track noise 
is 

<e n f > = (°P amp noise ) x (noise gain ) x ( ENBW ) m 

Op amp noise is the rms sum of the amplifier’s broadband volt- 
age noise and the thermal noise contributions of the input and 
feedback resistors, about 17 nV/VHz. Other noise sources, 
including amplifier current noise and switch thermal noise, are 
negligible. ENBW, the equivalent noise bandwidth, is 


b. Hold Mode 

Figure 19. Dominant AD386 Noise Sources 

of the comparator in a successive approximation A/D converter 
is filtered by the converter’s input resistance and the summing 
junction capacitance. ENBW is calculated as before, but now 
BW1 is the T/H’s small signal bandwidth in hold mode (4 MHz 
for the AD386), and BW2 is the bandwidth of the A/D’s input 
R-C. BW2 is about 700 kHz in the AD ADC71 and AD1376 
and roughly 1.7 MHz in the AD 1377 and AD 1378 (assuming a 
10 V span). The respective values of ENBW are 940 kHz and 
1.9 MHz. The hold noise contribution of the AD386 is about 16 
julV rms when used with the AD ADC71 or AD 1376 and 22 |j.V 
rms when used with the AD 1377 or AD 1378; this noise is 
30% less for a 20 V span and 40% greater for a 5 V span 
because changes in the A/D’s input resistance cause changes 
in BW2. 

The total noise is the rms sum of these two results: 


ENBW = ~ 
2 


BW\ x BW2 
X BW\ + BW2 


<e„> = [<c„t- 2 > + 


where BW1 is the small signal bandwidth of the T/H in track 
mode (2 MHz for the AD386) and BW2 is the corner frequency 
of the Rswitch-Chold combination (2.7 MHz). The resulting 
track noise in the AD386 is at most 46 /xV rms.' 

Noise gain is reduced to 1 in hold mode, and input and feed- 
back resistor thermal noise makes no contribution (Figure 19b). 
The equivalent noise bandwidth now depends on the T/H’s 
small signal bandwidth and the characteristics of the A/D con- 
verter used in the system. This is because the signal at the input 


This yields 49 |xV rms and 51 jxV rms for the two cases. 

Track noise dominates in both instances. 

When the AD386’s differential amplifier is used, its noise con- 
tribution will be band limited and sampled by the T/H. The 
equivalent bandwidth for this noise is also 1.8 MHz and the 
contribution to the track noise is 46 p.V rms. The total track 
noise is the rms sum of 46 p,V and 46 jjiV, or 65 \iN rms, and 
the overall noise for the complete AD386 used with any of the 
above A/D converters is at most 70 |xV rms. 
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The rms value represents one standard deviation if the noise has 
a Gaussian distribution, which is usually the case for wideband 
electrical noise. If a constant noise-free voltage is sampled a 
large number of times, the held result will be within one stan- 
dard deviation of the ideal value 32% of the time, within two 
standard deviations 95% of the time, and within three standard 
deviations 99.7% of the time. The entries in Table II were cal- 
culated using three standard deviations as the definition of the 
peak-to-peak noise. 


Span 

No. 

Bits 

rms Noise 
LSBs 

p-p Noise 
LSBs 

10 V 

14 

0.11 

0.66 

20 V 

14 

0.06 

0.36 

10 V 

16 

0.45 

2.7 

20 V 

16 

0.23 

1.4 


Table II. AD386 Noise Contribution as a Function of A/D 
Span and Resolution 

POWER SUPPLY REJECTION 

Variations on the power supply lines, both dc and ac, can lead 
to unwanted changes in the voltage acquired by a T/H. Power 
supply variations in track mode cause the output voltage, and 
hence the voltage across the hold capacitor, to vary. PSRR 
decreases with increasing frequency, making well regulated, low 
noise linear power supplies and proper bypassing essential in a 
high resolution data acquisition system. 

Equally important, but usually forgotten or omitted, is hold 
PSRR. This is frequently much worse than track PSRR because 
parasitic capacitances which are not significant in track mode 
couple into the extremely high impedance nodes which exist in a 
T/H during hold mode. This specification is essential to the sys- 
tem designer, as hold mode PSRR often determines the perfor- 
mance required from the system’s power supplies. The power 
supply rejection of the AD386 is specified and characterized in 
both track and hold modes. 

Pedestal arises from the transfer of charge from the internal 
switching circuitry to the hold capacitor during the transition 
from track mode to hold mode. Pedestal in some T/H circuits is 
extremely sensitive to changes in the high and low levels of the 
external control signal. The AD386 uses an internal +5 V sup- 
ply and logic buffers to prevent this behavior. 

GROUNDING 

All voltage measurements in a data acquisition system are even- 
tually referenced to ground. Variations in the “ground” poten- 
tial through the system resulting from resistive drops of power 
supply and signal return currents as well as from interference 
from external sources may add to the signal being digitized and 
produce false results. The grounding scheme in a high resolu- 
tion system cannot be left to chance and must be planned as 
carefully as any other aspect of the system’s design. Proper 
grounding and the reduction of externally induced ground noise 
are discussed at length in the following Applications section. 


Applications 

GROUNDING. DECOUPLING, AND LAYOUT 
CONSIDERATIONS 

Many data acquisition systems have two or more ground pins 
which are not connected together within the device(s). These 
“grounds” may be referred to as Logic Power Return, Digital 
Return, Analog Ground, Analog Power Return, Signal Ground, 
etc., and they must be connected together somewhere within the 
system to establish a measurement reference point. Good 
grounding practice dictates that these grounds be tied at a single 
point, sometimes called a star or “Mecca” ground. In high reso- 
lution systems the star point is often located at the A/D, with a 
single, short, low impedance trace leading from there to the ana- 
log supply “common” terminal. The ideal is to use a solid ana- 
log ground plane beneath the T/H and A/D as the star point. 

Because circuit traces have resistance and inductance, currents 
in the various ground runs can create voltage differences of hun- 
dreds of millivolts between ‘“ground” in different parts of the 
system. Power supply and signal ground traces should be sepa- 
rate to prevent summing power supply return currents with ana- 
log signal currents, which would lead to measurement errors. It 
is also important to avoid closed circuit loops in system ground 
connections. A loop can act as a very effective antenna, coupling 
voltages created by stray magnetic fields into the measurement 
system. 

Each of the AD386’s power supply terminals should be capaci- 
tively bypassed to the ground plane as closely as possible to the 
device. This is best done using 0.01 |xF to 0.1 (jlF ceramic 
capacitors. High frequency supply noise rejection may be fur- 
ther improved by placing small (4.7 fl to 10 ft ) carbon compo- 
sition resistors in series with the supply leads. These resistors, 
in combination with the ceramic capacitors, act as local low pass 
filters and prevent crosstalk between system components. The 
bypassing scheme should also include solid Tantalum capacitors 
of 1 p.F to 10 (jlF from each supply to ground in the critical 
areas of the board. Proper grounding and bypassing techniques 
are shown in Figure 20. 

All AD386 ground pins (Pins 2, 5, 7, 9, 18, 19, and 24) should 
be connected to the analog ground plane. 

WARNING: Improper bypassing can result in poor settling 
performance or high frequency oscillations. 

The metal cover of the AD386 is internally grounded to provide 
additional shielding. Do not make any external connection to 
the cover. 

DIFFERENTIAL AMPLIFIER 

Many high resolution applications require the ability to sense 
ground at the signal source. This is especially true in systems 
with physical or thermal constraints that make it necessary to 
locate the T/H and A/D at some distance from the transducer. 
Under these conditions stray electromagnetic fields may cause 
“ground” at the signal source to be at a different potential from 
“ground” at the A/D despite the designer’s best efforts. This 
will give rise to measurement errors because the potential differ- 
ence will appear to be added to the true signal. The AD386's 
differential amplifier may be used to eliminate this type of 
ground noise as shown in Figure 2 1 . 
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DATA 

OUTPUT 


*AD386 INTERNAL STAR POINT IS AT PINS 5, 7. 
PINS 2, 9, 18, 19, 24 MUST ALSO BE CON- 
NECTED TO ANALOG GROUND PLANE. 


Figure 20. Proper Grounding and Supply Bypassing Techniques for a High Resolution Data Acquisition System 



a. Without Differential Amplifier 



In extremely noisy environments it may be necessary to connect 
the differential amplifier to the signal source with shielded 
twisted pair cable. The shield should be connected to ground at 
the transducer and should be left floating at the AD386. This 
shielding technique is shown in Figure 22. The cable presents a 
capacitive load, and the signal source must be capable of driving 
this load without ringing or oscillations. The differential amplifi- 
er’s noninverting input should be connected to Pin 24 if ground 
sensing is not required. 

Another use of the differential amplifier is to restore signal 
polarity. Like most high resolution T/H amplifiers, the T/H in 
the AD386 operates in the inverting mode. The differential 
amplifier may be used to provide a second inversion so that the 
T/H output has the same polarity as the sensor output. 

The differential amplifier also provides a low dynamic source 
impedance to the T/H section. This absorbs transients produced 
when the T/H switches from hold mode to track mode, pro- 
viding optimal settling performance. 

The T/H and differential amplifier have independent power sup- 
ply connections. This permits a reduction in system power dissi- 
pation when the differential amplifier function is not needed. 


b. With Differential Amplifier 



Figure 22. Remote Ground Sensing in a Noisy Environment 
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Figure 23. Basic Data Acquisition System (Some Supply Bypassing Omitted for Clarity) 

— • • 1— +15 V 



GAIN AND OFFSET ADJUSTMENT 

The usual practice in the design of data acquisition systems is to 
incorporate a single system level trim for offsets and a second 
for gain errors, rather than to trim each element in the signal 
processing chain. Traditionally these trims involve potentiome- 
ters or fixed resistors. The trims should be designed so that 
nulling static errors does not introduce new errors such as noise, 
increased thermal drift, or nonlinearity. 

The offset, drift, and gain errors of the AD386 are laser 
trimmed during manufacture and no external adjustment ca- 
pabilities are provided. This prevents the introduction of noise 
through offset adjust terminals and preserves the excellent gain 
linearity and drift performance. Most A/Ds provide for nulling 
gain and offset errors with a range sufficient to include the 
contributions of the AD386. Of course, it is also possible to 
include calibration routines in the system’s software to eliminate 
mechanical adjustments. 

HIGH RESOLUTION DATA ACQUISITION SYSTEM 

The essential details of a high resolution data acquisition system 
using the AD386 are shown in Figure 23. Conversion is initiated 
by the falling edge of the CONVERT START pulse. This edge 
drives the A/D’s STATUS line high. The inverter then drives 
the AD386 into hold mode. STATUS remains high throughout 
the conversion and returns low once the conversion is com- 
pleted. This allows the AD386 to reenter track mode. The 
throughputs given in Table I were calculated based upon this 
circuit configuration. 

One drawback of this connection becomes apparent if the sys- 
tem’s grounding is marginal. The falling edge of CONVERT- 
START resets the successive approximation register within 
the A/D, causing transient currents in both the analog and digi- 
tal return paths. These transients vary depending on the input 
signal and the prior conversion result. The same edge also drives 
the T/H into hold mode. The exact timing relationship of these 
two events depends upon differences in propagation delays. The 
T/H’s held value may be affected if the A/D reset transient 
begins before the T/H has fully entered hold mode. The end 
result is system nonlinearity. 


Figure 24. Improved Data Acquisition System 
(Some Supply Bypassing Omitted for Clarity) 

This problem can be avoided with the addition of a flip flop as 
shown in Figure 24. The rising edge of CONVERT START 
places the T/H into hold mode before the A/D reset transients 
begin. The falling edge of STATUS places the AD386 back 
into track mode. System throughput will be reduced if a long 
CONVERT START pulse is used. Throughput can be 
calculated from 

1 

Throughput = - — — — 

1 ACQ + ' CONV + *CS 

where T ACQ is the T/H acquisition time, T CONV is the time 
required for the A/D conversion, and T cs is the duration of 
CONVERT START. No significant T/H droop error will be 
introduced provided the width of CONVERT START is small 
compared with the A/D’s conversion time. 
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(a) Single Switch 



(b) T-S witch 

Figure 25. Single and "T" Analog Switches (Shown in OFF Position ) 


MULTICHANNEL SYSTEMS 

The design of multiplexed data acquisition systems which main- 
tain 14- or 16-bit signal fidelity is an extremely demanding task. 
One of the first difficulties encountered is the lack of adequate 
analog switches. The specified feedthrough performance of most 
switches and multiplexers is seldom better than -80 dB. This is 
an order of magnitude too high for a 16-bit system with its 8 
parts-per-million sensitivity. A “T” switch configuration can 
be used to reduce feedthrough as shown in Figure 25. The 
improvement in “off’ isolation relative to a single switch is 
substantial. 


A few monolithic video T-switch ICs are now available and pro- 
vide the necessary isolation in the dc-50 kHz frequency range. 
Unfortunately, these devices have voltage limitations which 
restrict their utility. It will usually be necessary to design a mul- 
tiplexer using analog multiplexer and switch ICs. Figure 26 
shows a simple 4-channel single-ended T-switch multiplexer and 
includes a high performance buffer (see below). 

The on-resistance of analog switches and multiplexers is a non- 
linear function of signal voltage. This will produce severe non- 
linearity in a system in which a multiplexer supplies signals 


CHANNEL 1 IN 


CHANNEL 2 IN 


CHANNEL 3 IN 


CHANNEL 4 IN 



OUTPUT 


Figure 26. Four-Channel T-Switch Multiplexer (Power Supply Connections Not Shown) 
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directly to an AD386. A high-impedance buffer between the 
multiplexer and the T/H’s input can solve this problem but may 
introduce several others. 

An op amp in the noninverting gain-of-1 configuration is the 
obvious candidate for a buffer. The amplifier must settle quickly 
to maximize system throughput and must be extremely linear to 
maintain system performance. The linearity of this configuration 
depends upon the linearity of both the amplifier’s open loop 
gain and common-mode rejection (linear errors in these param- 
eters result only in system gain error, but nonlinear gain and 
CMRR produce system nonlinearity). Neither of these param- 
eters is specified by most amplifier manufacturers. 

A buffer may also increase system noise. Applications which 
require ground- sensing will require two buffers, resulting in 
40% more noise than a one-buffer system. 

Finally, a buffer will add its own offset to the signal being mea- 
sured. Software calibration of the error and its drift is possible 
using a permanently grounded multiplexer channel. 

The AD744 is a nearly ideal buffer for multiplexed systems. 

This amplifier provides offsets as low as 250 |xV and an offset 
drift of 3 jjlV/°C while maintaining 16-bit linearity over the 
-40°C to + 85°C temperature range. Typical settling times at 
room temperature are 2.3 |xs (14 bits) and 3.5 fxs (16 bits) for 
the AD744 combined with the AD386’s differential amplifier. 
The increase in noise at the differential amplifier’s output will 
be about 6 jjlV rms in a one-buffer system and roughly 12 |xV 
rms in a two buffer system (recall that a 16-bit LSB in a 20 volt 
system is 305 |xV). The AD744 is not unity-gain stable, and 
compensation is required. A 5 pF compensating capacitor is suf- 
ficient to ensure stability. The settling times listed above were 
measured using a 9 pF compensation capacitor which provides 
greater stability with moderate capacitive loads. 

The NE5534 can also be used as a buffer to deliver 16-bit lin- 
earity. This amplifier also requires slight compensation to 
achieve unity-gain stability; 10 pF is sufficient. Settling is some- 
what slower than the AD744, about 5 jjls to 14 bits and 6 jxs to 
16 bits, including the AD386’s differential amplifier when mea- 
sured at room temperature. The 5534 has lower voltage noise 
and will cause only a 1 or 2 jjlV rms increase in the total noise at 
the differential amplifier’s output. The NE5534 lacks the preci- 
sion offset and drift performance of the AD744. 

Multiplexed throughput can be improved with the proper choice 
of system timing. If the new input channel is selected while the 
AD386 is in Hold mode, then multiplexer, buffer, and differen- 
tial amplifier settling can occur during the A/D conversion. In 
this case throughput is determined only by the sum of the T/H 
acquisition and A/D conversion times. The effects of T/H feed- 
through must be considered when using this type of overlap in 
system timing. 

There is another solution to many of the problems of multi- 
plexed systems when the speed of channel switching is not criti- 
cal: relays. Relays should be selected for good shielding, low 
thermal EMF, and low on-resistance. The only significant draw- 
back of this approach, other than switching speed and size, is 
power dissipation. In all other respects relays offer a near- 
perfect solution to the problems of high resolution system design 
discussed above. 


DYNAMIC PERFORMANCE 

Dynamic characteristics such as signal- to-noise ratio (SNR) and 
total harmonic distortion (THD) are important in many signal 
processing applications. SNR and THD are affected by both 
the T/H and A/D. The errors contributed by the T/H are gener- 
ally dependent upon the input signal frequency, while those 
contributed by the A/D converter usually are not. The dynamic 
performance of a T/H-A/D pair is characterized using Fast 
Fourier Transform (FFT) techniques. 

Figures 27-31 show the results of several 1024-point FFTs 
which demonstrate the exceptional distortion and noise perfor- 
mance of the AD386 when combined with the AD1377. These 
FFTs were obtained using a circuit similar to that of Figure 24. 
The input signal was processed by both the differential amplifier 
and T/H sections of the AD386 and was sampled at an 
83.333 kHz rate. The AD1377’s clock was adjusted to yield an 
8.0 (jls conversion time, which provided 4.0 jjls for the AD386 to 
acquire each new sample. The vertical scale for these figures is 
based on a full-scale input referenced as 0 dB. The system was 
configured for a 10 volt span. 

Figures 27 and 28 illustrate the system’s low frequency noise 
and distortion performance. The input frequency is 1.546 kHz. 
When the input is -0.3 dB, nearly full scale, the largest har- 
monic component is -102.8 dB (Figure 27). Total harmonic 
distortion, the rms sum of the second through fifth harmonics, 
is -99.9 dB. The signal to noise ratio is 89.9 dB. The ultimate 
noise floor can be determined using a lower level input. Reduc- 
ing the input level about 20 dB, as in Figure 28, decreases the 
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noise floor by 1.8 dB to -91.9 dB. This corresponds to a total 
AD386 noise contribution of about 45 jxV rms. The FFT noise 
floor would improve about 2 dB with the system configured for 
a 20 volt span because the effect of noise contributed by the 
AD386 is reduced as a result of the increased LSB size. 

System performance just beyond the high end of the audio band 
is shown in Figure 29. Here the input is a -0.3 dB sinusoid at 
21.24 kHz. The only significant harmonic component, the sec- 
ond harmonic, is -91.9 dB with respect to the fundamental, 
and THD is -91.1 dB. The noise floor is 0.5 dB greater than 
in Figure 27. The additional noise is contributed by higher- 


order harmonics; the second through fifth harmonics have been 
excluded from the noise floor calculations, but higher harmonics 
are considered to be “noise”. These harmonics arise from the 
AD386’s aperture jitter. The additional noise is consistent with 
an rms jitter of 40 ps. 

In Figures 30 and 31, -0.3 dB and -20.1 dB inputs at 40.61 
kHz show system performance near the Nyquist frequency. 

Even at this high frequency a full-scale input produces THD of 
only -84.6 dB, dominated by the second harmonic at -85.1 dB 
(Figure 31). In Figure 31 the harmonics have been eliminated 
by reducing the input level by a factor of 10. 
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ANALOG 

DEVICES 


High Resolution 
Track-and-Hold Amplifier 


AD389 


FEATURES 

Companion to High Resolution A/D Converters 
Fast Acquisition Time: 2.5ps to ±0.003% 

Low Droop Rate: O.lpV/ps 
Aperture Jitter: 400ps 
Internal Hold Capacitor 
Unity Gain Inverter 
Low Power Dissipation: 300m W 


PRODUCT DESCRIPTION 

The AD389 is a high accuracy, adjustment free track-and-hold 
amplifier designed for high resolution data acquisition applications. 
The fast acquisition time (2.5fxs to ±0.003%) and low aperture 
jitter (400ps) make it suitable for use with fast A/D converters 
to digitize signals up to 40kHz. 

The AD389 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. 

Typical applications for the AD389 include sampled data systems, 
peak hold functions, strobed measurement systems and simul- 
taneous sampling converter systems. When used with autozero 
and autocalibration techniques, this T/H combined with a high 
linearity A/D will offer 14-bit performance over the converter’s 
full no-missing-code temperature range. 

The device is available in two versions: the “K” specified for 
operation over the 0 to + 70°C commercial temperature range 
and the “B” specified over the full industrial temperature range, 
— 25°C to + 85°C. High reliability processing is available; contact 
factory for information. 


AD389 FUNCTIONAL BLOCK DIAGRAM 

0 + 15V 



PRODUCT HIGHLIGHTS 

1 . The AD389 is the ideal companion track-and-hold amplifier 
to 14-bit accurate A/D converters. 

2. The AD389 provides separate analog and digital grounds, 
thus improving the device’s immunity to ground and switching 
transients. 

3. The droop rate is only 0.1|jlV/|xs so that it may be used in 
slower high resolution systems without the loss of accuracy. 

4. The fast acquisition time and low aperture make it suitable 
for high speed data acquisition systems and digital audio re- 
cording. 

5. The AD389 T/H amplifier is ideal for applications requiring 
wide.dynamic range. 

6. Clever circuit design eliminates any measurable thermal tail 
(see Figures 11a and lib). 

PIN CONFIGURATION 


ORDERING GUIDE 



Temperature 

Package 

Model 

Range 

Option* 

AD389KD 

0 to + 70°C 

DH-14A 

AD389BD 

- 25°C to + 85°C 

DH-14A 


*See Section 14 for package outline information. 


DIGITAL INPUT 
N/C 
N/C 

DIGITAL GND 
N/C 

ANALOG GND 
OFFSET ADJ 


E 

E 

E 

E 

E 

E 


AD389 
TOP VIEW 
(Not To 
Scale) 


13j 

m 

zn 

E i 
El 


-15V 

ANALOG INPUT 
SUMMING PT 
+15V 
N/C 

OFFSET ADJ 
ANALOG OUTPUT 
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SPECIFICATIONS 


(typical @ + 25°C and nominal power supply voltage of ± 15V unless otherwise noted) 


Model 

AD389KD 

AD389BD 

Units 

ANALOG INPUT 




Voltage Range 

± 10 min 

★ 

V 

Overvoltage, no damage 

± 15 max 

★ 

V 

Impedance 

3000 

★ 

n 

DIGITAL INPUT (TTL Compatible) 




Track Mode, Logic “1” 

2 to 5.5V 

★ 

V 

Hold Mode, Logic “0” 

0 to 0.8 V 

★ 

V 

Logic “1” Current 

20 (max) 

★ 

mA 

Logic “0” Current 

- 360 (max) 

* 

,xA 

ANALOG OUTPUT 




Voltage 

± 10 min 

★ 

V 

Current 

3 

★ 

mA 

Short Circuit Current 

20 

★ 

mA 

Impedance 

1 

★ 

a 

DC ACCURACY/STABILITY 




Gain 

-1.00 

★ 

v/v 

Gain Error 

±0.01 (±0.02 max) 

★ 

% 

Gain Nonlinearity ( ± 10V Output Track) 

A AA1 

-L- v.uvn 

a 

% 

Gain Temperature Coefficient 

1 (5 max) 

★ 

ppm/°C 

Offset Voltage 

± 3 max, adjustable to zero 

★ 

mV 

Output Offset @ Tmin, Tmax (Track) 

±6 

★ 

mV 

TRACK MODE DYNAMICS 




Frequency Response 




Small Signal (-3dB) 

1.5 

★ 

MHz 

Full Power Bandwidth 

0.5 

* 

MHz 

Slew Rate 

30 

★ 

V/p-s 

Noise in Track Mode, dc to 1 .0MHz 

200 

* 

pV rms 

TRACK-TO-HOLD SWITCHING 




Aperture Time 

30 

★ 

ns 

Aperture Uncertainty (Jitter) 

0.4 

★ 

ns 

Offset Step (Pedestal) 

±2(4 max) 

★ 

mV 

Pedestal with Temperature 

±4 

±6 

mV 

Switching Transient 




Amplitude 

200 

★ 

mV 

Settling to lmV 

0.5(2 max) 

★ 

|XS 

Settling to 0. 3m V 

1.0(3 max) 

* 

fXS 

HOLD MODE DYNAMICS 




Droop Rate 

0.1 (1 max) 

★ 

p.V/jis 

Droop Rate at T max 

10 max 

40 max 

pV/p.s 

Feedthrough Rejection (10V p-p (a) 20kHz) 

86 (74 min) 

★ 

dB 

HOLD-TO-TRACK DYNAMICS 




Acquisition Time to ± 0.01% of 20V 

1.5 (3 max) 

★ 

|AS 

Acquisition Time to ±0.003% of 20V 

2.5(5 max) 

* 

ps 

POWER REQUIREMENTS 




Nominal Voltages for Rated Performance 

±15 (±3%) 

★ 

V 

Operating Range 1 

±11 to ±18 

* 

V 

Power Supply Rejection 

lOo 

★ 

pV/V 

Supply Current 




+ V S 

15 (20 max) 

★ 

mA 

-V s 

-4 (10 max) 

* 

mA 

Power Dissipation 

300 (500 max) 

* 

mW 

TEMPERATURE RANGE 




Operating 

0 to -1- 70 

-25 to +85 

°C 

Storage 

-55 to + 125 

★ 

°c 

THERMAL RESISTANCE 




Junction to Air, 0 JA (free air) 

60 

★ 

°c/w 

Junction to Case, 0 jc 

20 

★ 

°c/w 


NOTES 

'Operating toderated performance with |V IN | <|V S -5V|. 
♦Specifications same as AD389KD. 

Specifications subject to change without notice. 
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AD389 



Figure 1. Acquisition Time vs. Figure 2. Acquisition Time vs. Figure 3. Pedestal vs. Input 

Final Error Band Temperature Voltage 



Figure 4. Droop Rate vs. Figure 5. Pedestal vs. Temperature Figure 6. Pedestal vs. Load 

Temperature Capacitor 



Figure 7. Hold to Track Acquisition Time 


Figure 8. Pedestal and Acquisition Time Test Circuit 
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TERMINOLOGY 

Aperture Time is the time required after the “hold” command 
until the switch is fully open and it produces a delay in the 
effective sampling timing. 

Aperture Jitter is the uncertainty in Aperture Time. If the Aperture 
Time is “tuned out” by advancing the track-to-hold command 
with respect to the input signal, the Aperture Jitter now determines 
the maximum sampling frequency. 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the track command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the “held” value 
as a result of device leakage. 



LOGIC INPUT 


path from sensitive points to the system ground point. In this 
way supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 



•IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P S. COMMON 


Figure 10. Basic Grounding and Decoupling Practice 

DECOUPLING 

The AD389 can only settle accurately and fast if the power 
supplies do not change during transients. Therefore, it is necessary 
to put 0.1 microfarad (0.1 |xF) decoupling capacitors right between 
the supply and analog ground pins and to have 50|xF tantalum 
caps close by. 


Figure 9. Pictorial Showing Various T/H Characteristics 

Feedthrough is that component of the output which follows the 
input signal after the switch is open. As a percentage of the 
input, feedthrough is determined as the ratio of the feedthrough 
capacitance to the hold capacitance (Cf/Ch). 

Pedestal during hold is a track-to-hold offset. This is an offset 
that occurs from such phenomena as charge dumps when switches 
are opened, and coupling of the logic signal transients. 

Thermal Tail is the slow drift of the output stage as it settles to 
the final value with a thermally induced offset due to self-heating; 
see Figures 11a and lib. 

Transients are the spikes or glitches that occur on the output at 
the start and end of hold time. 

GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
preferably as close to the A-to-D converter as possible. Ideally, 
a single solid ground would be desirable. However, since current 
flows through the ground wires and etch stripes of the circuit 
cards, and since these paths have resistance and inductance, 
hundreds of millivolts can be generated between the system 
ground point and the ground pins of the AD389. Separate ground 
returns should be provided to minimize the current flow in the 


V tN (10V/DIV) 
VouT (10V/DIV) 


T/H TRACK 
CONTROL HQLD 



ERROR VOLTAGE 
(ImV/DIV) 


Figure 1 la. Acquisition Time after lOOps in the Hold Mode. 
The AD389 Shows no "Thermal Tail". 



Figure 11b. Typical Thermal Tail and Acquisition Time of 
Other 12-Bit T/Hs Make them Unsuitable for High Resolution 
Applications 
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AD389 


SAMPLED DATA SYSTEMS 

The fast acquisition time of the AD389 when used with a high 
speed A/D converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. Figures 12 and 13 show the use of an AD389 with the 
ADC72 and AD376. 



Figure 12. 20kHz- 1 4-Bit, A/D Conversion System 



Figure 13. 8. 3kHz- 14-Bit, A/D Conversion System for 
-25°C to +85°C Operation 

In sampled data systems there are two limiting factors in digitizing 
high frequency signals. The first limitation is the bandwidth 
and aperture uncertainty of the sample-and-hold amplifier. The 
second limitation is the maximum update rate for the T/H and 
A/D converter combination. For high throughput rate data 
acquisition systems all factors must be understood. 


The aperture jitter is a result of noise within the switching 
network which modulates the phase of the hold command and is 
manifested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input which is 
easily calculated as shown below. The error calculation takes 
into account the desired accuracy corresponding to the resolution 
of the A/D converter. 

= (Full Scale Voltage) (2~N) 

max (Full Scale Voltage) (2 tt) (Aperture Jitter) 

For an application with a 14-bit A/D converter with a 10V full 
scale: 


F = - mill = 2 4 k H 2 

max (10) (2 tt) (4 X 10-10 sec) 

For an application with a 12-bit A/D converter with a 10V full 
scale: 

F = ( 10 > 2 ' 12 = 97kHz 

max ' (10) (2ir) (4 x 10-10 sec) 

Note that some additional aperture delay and jitter are added if 
the AD389 is not driven directly from the convert start line, but 
from the status line, which from some converters is delayed. 

The maximum throughput rate is the sum of the sample-and-hold 
acquisition time, settling time and the A/D conversion time. 


The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in “under sampling” or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brick wall 
low pass filter has been placed in the signal path prior to the 
AD389 and A/D converter to eliminate aliasing. 


AD389 in 

Combination Throughput Input Frequency 

With an Rate Range 

ADC71 (13 bit) 22.2kHz dctoll.lkHz 

ADC72(14bit) 16.7kHz dc to 8.3kHz 

AD1376(14bit) 40.0kHz dcto20kHz 

Table I. T/H & ADC Combinations and Maximum 
Throughput Rate 
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T/H REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 

The characteristics required for high resolution track-and-hold 
amplifiers are low feedthrough, low pedestal shifts with changes 
of input signal or temperature, high linearity, low temperature 
coefficients, and minimal droop rate. 

For sampling a 20kHz signal to 14 bit and 16 bits for example, 
the following specs are required: 


Spec 

14 Bit 

16 Bit 

AD389KD 

Units 

Aperture Jitter (max) 

2.4 

0.6 

0.4 

ns 

Slew Rate (max w/20V pk-pk signal) 

1.26 

1.26 

30 

V/ps 

Feedthrough ( 1 LSB max) 

-84.3 

-96.3 

-86 

dB 

Droop Rate ( 1 LSB max in 1 5jxs) 

40.7 

10.2 

0.1 

pV'ps 

Droop Rate ( 1 LSB max in 50ps) 

12.2 

3.0 

0.1 

pV/ps 

Acquisition Time (to ± 1 LSB max) 

10 

10 

3-5 

ps 

for 20kHz Signal w/ 1 5 ps ADC 

Pedestal Shift (max) with Input Signal 

-84.3 

-96.3 

-86 

dB 

Gain Temperature Coefficient (max) 

for ± 10°C Ambient Operation 

6.1 

1.5 

2.0 

ppm/°C 

Thermal Tail (max) within 50|xs after Hold 

1.2 

0.3 

0.1 

mV 

Linearity Error (max) 

±0.0061 

0.0015 

0.003 

%FSR 


Tabic //. T/H Amplifier Requirements vs. AD389 Specs 


Aperture Jitter will affect exactly when the switch closes, even 
though the T/H control line is driven by a very precise clock. 
All high speed sampled data systems are very dependent on low 
aperture jitter for digitizing high frequency signals for spectrum 
analysis and accurate signal reconstruction. 


The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than 1LSB. The amplitude of 
1LSB of the companion A/D converter for a given input range 
will vary from 610|jlV for a 14-bit A/D using a 0 to 10V input 
range to 4.88mV for a 12-bit A/D using a ± 10V input range. 
The hold mode droop rate should produce less than 1LSB of 
droop in the output during the conversion time of the A/D 
converter. For 610jjiV/LSB, as noted in the example above, for 
a 50jjls 14-bit A/D converter, the maximum droop rate will be 
610(jlV/50^jls or 12|xV/|xs during the 50jxs conversion period. 

The linearity error should be less than 1LSB over the transfer 
function, as set by the resolution of the A/D converter. The 
T/H acquisition time, T/H settling time along, with the conversion 
time of the A/D converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle per the Nyquist criteria. 
The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed- 
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more over temperature above +70°C (+ 158°F). For com- 
mercial and industrial users, these shifts will only appear above 
the highest temperatures their equipment will ever expect to 
experience. Most precision instrumentation is installed only in 
human inhabitable work spaces or in controlled enclosures if the 
area has a hostile environment. 

Minimal thermal tail effects are another requirement of high 
resolution applications. The self-heating errors induced by the 
changing current levels in the output stages of T/H amps may 
cause more than 1LSB of error due to thermal tail effects. The 
performance of a typical AD389 in contrast to a typical 12-bit 
T/H circuit is shown in Figures 11a. and lib. The test circuit is 
shown in Figure 8. 

OFFSET ADJUST TRIM 

In most data acquisition systems only one offset adjustment is 
made. In many cases it is the offset adjust of the ADC that is 
used to cancel all other accumulated system offsets. The offset 
or pedestal of the AD 3 89 can be nulled by means of 5kfl poten- 
tiometer between pins 7, 9, and 11. If the offset of the AD389 
is not adjusted, then connect pins 7 and 9 to pin 14, the negative 
supply. Otherwise the high impedance of the null pin together 
with parasitic capacitances can cause tail effects. 
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□ ANALOG 
DEVICES 


Low-Cost 
Sample-and-Hold Amplifier 


AD582 


FEATURES 

Suitable for 12>Bit Applications 
High Sample/Hold Current Ratio: 10 7 
Low Acquisition Time: 6jus to 0.1% 

Low Charge Transfer: <2pC 
High input Impedance in Sample-and-Hold Modes 
Connect in Any Op Amp Configuration 
Differential Logic Inputs 


AD 5 82 PIN CONFIGURATIONS 


LOGIC 
IN - 



10-Pin TO-100 


PRODUCT DESCRIPTION 

The AD582 is a low-cost integrated circuit sample-and-hold 
amplifier consisting of a high performance operational ampli- 
fier, a low leakage analog switch and a JFET integrating ampli- 
fier — all fabricated on a single monolithic chip. An external 
holding capacitor, connected to the device, completes the 
sample-and-hold function. 

With the analog switch closed, the AD582 functions like a stan- 
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open, the capacitor holds the output at its last level, 
regardless of input voltage. 

Typical applications for the AD582 include sampled data sys- 
tems, D/A deglitchers, analog de-multiplexers, auto null systems, 
strobed measurement systems and A/D speed enhancement. 

The device is available in two versions: the “K” specified for 
operation over the 0 to +70°C commercial temperature range 
and the “S” specified over the extended temperature range, 

-55 C to +125 C. All versions may be obtained in either the 
hermetic sealed, TO-100 can or the TO-116 DIP. 


LOGIC LOGIC 



14-Pin DIP TO-116 


PRODUCT HIGHLIGHTS 

1. The specially designed input stage presents a high impedance 
to the signal source in both sample and hold modes (up to 
±12V). Even with signal levels up to ±V§, no undesirable 
signal inversion, peaking or loss of hold voltage occurs. 

2. The AD582 may be connected in any standard op amp con- 
figuration to control gain or frequency response and provide 
signal inversion, etc. 

3. The AD582 offers a high, sample-to-hold current ratio: 10 7 . 
The ratio of the available charging current to the holding 
leakage current is often used as a figure of merit for a sam- 
ple and hold circuit. 

4. The AD582 has a typical charge transfer less than 2pC. A 
low charge transfer produces less offset error and permits 
the use of smaller hold capacitors for faster signal acquisition. 

5. The AD 5 82 provides separate analog and digital grounds, 
thus improving the device’s immunity to ground and switch- 
ing transients. 
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(typical @ + 25°C, V s = ± 15V and C H = 1000pF > A= +1 unless otherwise specified) 


MODEL 

AD582K 

AD582S 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time, 10V Step to 0.1%, 

C H = 100pF 

6/is 

* 

Acquisition Time, 10V Step to 0.01%, 

C H * lOOOpF 

25 ns 

* 

Aperture Delay, 20V p-p Input, 

Hold OV 

200ns 

* 

Aperture Jitter, 20V p-p Input, 

Hold OV 

15ns 

* 

Settling Time, 20V p-p Input, 

Hold OV, to 0.01% 

0.5ms 

* 

Droop Current, Steady State, ±10V O ut 

lOOpA max 

* 

Droop Current, T min to T m „ 

InA 

150nA max 

Charge Transfer 

5pC max (1.5pC typ) 

* 

Sample to Hold Offset 

0.5 mV 

* 

Feedthrough Capacitance 

20V p-p, 10kHz Input 

0.05pF 

* 

TRANSFER CHARACTERISTICS 

Open Loop Gain 

Vqut = 20V p-p, R l = 2k 

25k min (50k typ) 

* 

Common Mouc Rejection 

V CM = 20V p-p 

60dB min (70dB typ) 

* 

Small Signal Gain Bandwidth 

Vqut = 100mV p-p, Ch = 100pF 

1.5MHz 

* 

Full Power Bandwidth 

Vqut = 20V p-p, Ch = lOOpF 

70kHz 

* 

Slew Rate 

Vqut = 20V p-p, Ch = lOOpF 

3V/MS 

* 

Output Resistance 

Hold Mode, I OU T = ±5mA 

1212 

* 

Linearity 

v OUT = 20V p-p, Rl = 2k 

±0.01% 

* 

Output Short Circuit Current 

±25mA 

* 

ANALOG INPUT CHARACTERISTICS 

Offset Voltage 

6mV max (2mV typ) 

* 

Offset Voltage, T mjn toT m>x 

4m V 

8mV max (5mV typ) 

Bias Current 

3mA max (1.5 mA typ) 

* 

Offset Current 

300nA max (75nA typ) 

* 

Offset Current, T min toT max 

lOOnA 

400nA max (lOOnA typ) 

Input Capacitance, f =■ 1MHz 

2pF 

* 

Input Resistance, Sample or Hold 

20V p-p Input, A = +1 

30M12 

♦ 

Absolute Max Diff Input Voltage 

30V 

♦ 

Absolute Max Input Voltage, Either Input 

±v s 

* 

DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode, T mjn to T max , -Logic ® OV 

+2V min 

* 

Sample Mode, T min to T max , -Logic ® OV 

+0.8V max 

* 

+Logic Input Current 

Hold Mode, +Logic ® +5V, -Logic ® OV 

1.5MA 

* 

Sample Mode, +Logic ® OV, -Logic ® OV 

InA 

* 

-Logic Input Current 

Hold Mode, +Logic ® +5V, -Logic ® OV 

24/nA 

* 

Sample Mode, +Logic ® OV, -Logic ® OV 

4/LtA 

* 

Absolute Max Diff Input Voltage, +L to -L 

+ 15V/-6V 

* 

Absolute Max Input Voltage, Either Input 

±v s 

* 

POWER SUPPLY CHARACTERISTICS 

Operating Voltage Range 

±9V to + 18V 

±9V to ±22V 

Supply Current, R L = 00 

4.5mA max (3mA typ) 

* 

Power Supply Rejection, 

AVg = 5V, Sample Mode (see next page) 

60dB min (75dB typ) 

* 

TEMPERATURE RANGE 

Specified Performance 

0 to +70° C 

-55°C to +125°C 

Operating 

-25°C to +85°C 

-55°C to +125°C 

Storage 

-65°C to +150° C 

* 

Lead Temperature (Soldering, 15 sec) 

+300°C 

* 

PACKAGE OPTION 1 

TO-lOO (H-10A) 

AD582KH 

AD582SH 

TO-116 (D-14) 

AD582KD 

AD582SD 


NOTES 

* Specifications same as AD582K. 

1 See Section 14 for package outline information. 
Specifications subject to change without notice. 
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Applying the AD582 


APPLYING THE AD582 

Both the inverting and non-inverting inputs are brought out to 
allow op amp type versatility in connecting and using the 
AD582. Figure 1 shows the basic non-inverting unity gain con- 
nection requiring only an external hold capacitor and the usual 
power supply bypass capacitors. An offset null pot can be 
added for more critical applications. 



Figure 1. Sample and Hold with A=+1 


Figure 2 shows a non-inverting configuration where voltage 
gain, Ay, is set by a pair of external resistors. Frequency shap- 
ing or non-linear networks can also be used for special applica- 
tions. 


The hold capacitor, C H , should be a high quality polystyrene 
(for temperatures below +85 C) or Teflon type with low 
dielectric absorption. For high speed, limited accuracy applica- 
tions, capacitors as small as lOOpF may be used. Larger values 
are required for accuracies of 12 bits and above in order to 
minimize feedthrough, sample to hold offset and droop errors 
(see Figure 6). Care should be taken in the circuit layout to 
minimize coupling between the hold capacitor and the digital 
or signal inputs. 

In the hold mode, the output voltage will follow any change 
in the -Vs supply. Consequently, this supply should be well 
regulated and filtered. 

Biasing the +Logic Input anywhere between -6V to +0.8V with 
respect to the -Logic will set the sample mode. The hold mode 
will result from any bias between +2.0V and (+Vs - 3V). The 
sample and hold modes will be controlled differentially with 
the absolute voltage at either logic input ranging from -Vs to 
within 3V of +Vs (V s - 3V). Figure 3 illustrates some examples 
of the flexibility of this feature. 



Figure 3A. Standard Logic Connection 


HOLD 



Figure 2. Sample and Hold with A = (1 + Rp/Rf) 


+3V/+12V CMOS/MOS 



Figure 3B. Inverted Logic Sense Connection 



Figure 3C. High Threshold Logic Connection 
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DEFINITION OF TERMS 

Figure 4 illustrates various dynamic characteristics of the 
AD582. 




10 100 Ik 10k 100k 1M 


SINUSOIDAL INPUT FREQUENCY - Hz 


Figure 4. Pictorial Showing Various S/H Characteristics 


Aperture Delay is the time required after the “hold” command 
until the switch is fully open and produces a delay in the effec- 
tive sample timing. Figure 5 is a plot giving the maximum fre- 
quency at which the AD582 can sample an input with a given 
accuracy (lower curve). 

Aperture Jitter is the uncertainty in Aperture Time. The 
Aperture Time can be eliminated by advancing the sample- 
to-hold command 200ns with respect to the input signal. The 
Aperture J itter now determines the maximum sampling fre- 
quency (upper curve of Figure 5). 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample command 
has been given. This includes switch delay time, slewing time 
and settling time for a given output voltage change. 

Droop is the change in the output voltage from the “held” 
value as a result of device leakage. In the AD582, droop can 
be in either the positive or negative direction. Droop rate may 
be calculated from droop current using the following formula: 


— (Volts/sec) = 
AT 


I(pA) 

C H (PF) 


(See also Figure 6.) 


Feedthrough is that component of the output which follows 
the input signal after the switch is open. As a percentage of the 
input, feedthrough is determined as the ratio of the feed- 
through capacitance to the hold capacitance (Cp/Cn). 


Sample-to-Hold Offset is an output shift or step caused by 
charge injection into the hold capacitor as the device is 
switched from sample to hold. The charge transfer generates 
a sample-to-hold offset where: 


S/H Offset (V) 


Charge (pC) 

C H (pF) 


This offset also has a dc component as shown in Figure 6. 


Figure 5. Maximum Frequency of Input Signal for V 2 LSB 
Sampling Accuracy 



Figure 6. Sample -and -Hold Performance as a Function of 
Hold Capacitance 



Figure 7. Droop Current vs. Temperature 
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ANALOG 

DEVICES 


Sample-and-Hold Amplifier 

AD583 


FEATURES 

High Sample-to-Hold Current Ratio: 10 6 

High Slew Rate: 5V//zs 

High Bandwidth: 2MHz 

Low Aperture Time: 50ns 

Low Charge Transfer: lOpC 

DTL/TTL Compatible 

May Be Used as Gated Op Amp 


PRODUCTION DESCRIPTION 

The AD583 is a monolithic sample-and hold circuit consisting 
of a high performance operational amplifier in series with a 
low leakage analog switch and unity gain amplifier. An exter- 
nal hold capacitor, connected to the switch output, completes 
the sample-and-hold or track-and-hold function. 

With the analog switch closed, the AD583 functions like a stan- 
dard op amp ; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open the capacitor holds the output at its previous level. 

The AD583 may also be used as a versatile operational ampli- 
fier with a gated output for applications such as analog switches, 
peak holding circuits, etc. 


AD583 PIN CONFIGURATION 



PRODUCT HIGHLIGHTS 

1. Sample-and-hold operation is obtained with the addition of 
one external capacitor. 

2. Low charge transfer (lOpC) and high sample-to-hold current 
ratio insure accurate tracking. 

3. Any gain or frequency response is available using standard 
op amp feedback networks. 

4. High slew rate and low aperture time permit sampling of 
rapidly changing signals. 

5. Output, gated through a low leakage analog switch, also 
makes the AD583 useful for applications such as analog 
switches, peak holding circuits, etc. 
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SPECIFICATIONS 


(typical @ +25°C, hold capacitor of lOOOpF and ±15V dc unless otherwise specified) 


MODEL 

AD583KD 

OPEN LOOP GAIN 

Rl “ 2kl2, Tjnin to T max 

25k min (50k typ) 

OUTPUT VOLTAGE SWING 

Rl = 2k 12, T m jn to T max 

±10V min 

OUTPUT CURRENT 

±10mA min 

OUTPUT RESISTANCE 

512 

OFFSET VOLTAGE 

Tmin T m ax 

6mV max (3mV typ) 

8mV max (4mV typ) 

BIAS CURRENT 

Tmin to T max 

200nA max (50nA typ) 

400nA max 

OFFSET CURRENT 

Tmin T m ax 

5 On A max (lOnA typ) 
lOOnA max 

INPUT RESISTANCE 

5M12 min (10M12 typ) 

COMMON MODE RANGE 

±10V min 

COMMON MODE REJECTION 

Tmin T m ax 

74dB min (90dB typ) 

GAIN BANDWIDTH PRODUCT 

2MHz 

SLEW RATE 

Av = +1, R l = 2kl2, C L = 50pF, 
V out = -10V p-p 

5V/ns 

RISE TIME 

Av = +1, R l = 2kl2, C L = 50pF, 
v out = 400m V p-p 

100ns 

OVERSHOOT 

Av = +1, R l = 2kl2, C L = 50pF, 

V out = 400m V p-p 

20% 

DIGITAL INPUT CURRENT 

Vjn = 0, T m in to T m ax 
^in = +5.0V, T m in T m ax 

0.8mA max (Logic “Sample”) 
20/LiAmax (Logic “Hold”) 

DIGITAL INPUT VOLTAGE 

Low T m in to T m ax 

High Tmjn to T max 

0.8V max 

2.0V min 

ACQUISITION TIME 

Av = +1, R l = 2kl2, C L = 50pF 
to 0.1% of final value: 
to 0.01% of final value: 

4/lis 

5jus 

APERTURE TIME 

50ns 

APERTURE JITTER 

5ns 

DRIFT CURRENT 1 

Tmin to T m ax 

50pA max (5pA typ) 
l.OnA max (0.05nA typ) 

CHARGE TRANSFER 

20pC max (lOpC typ) 

SUPPLY CURRENT 

5.0mA max (2.5mA typ) 

POWER SUPPLY REJECTION 2 

74dB min (90dB typ) 

OPERATING TEMP 

0 to +70°C 

STORAGE TEMP 

-65°C to +150° C 

PACKAGE OPTION 3 

D-14 

AD583KD 


ABSOLUTE MAXIMUM RATINGS 

Voltage between V+ and 

V- Terminals 40V 

±30V 
+8V, -15V 

Short Circuit Protected 
30mW (Derate power 
dissipation by 4.3mW/°C 
above +150°C ambient 
temperature) 


Differential Input Voltage 
Digital Voltage (Pin 14) 
Output Current 
Internal Power Dissipation 


NOTES 

1 Voltage on hold is zero. 

8 Sample mode only. 

3 See Section 14 for package outline information. 
Specifications subject to change without notice. 
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□ ANALOG 
DEVICES 


High Speed, Precision 
Sample-and-Hold Amplifier 


AD585 


FEATURES 

3. Ops Acquisition Time to ±0.01% max 
Low Droop Rate: I.OmV/ms max 
Sample/Hold Offset Step: 3mV max 
Aperture Jitter: 0.5ns 

Extended Temperature Range: -55°C to + 125°C 

Internal Hold Capacitor 

Internal Application Resistors 

±12V or ±15V Operation 

Available in Surface Mount 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 

PRODUCT DESCRIPTION 

The AD585 is a complete monolithic sample-and-hold circuit 
consisting of a high performance operational amplifier in series 
with an ultralow leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility. 

The performance of the AD585 makes it ideal for high speed 
10- and 12 -bit data acquisition systems, where fast acquisition 
time, low sample-to-hold offset, and low droop are critical. The 
AD585 can acquire a signal to ±0.01% in 3|xs maximum, and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than lmV/ms droop, using the on-chip hold 
capacitor. If lower droop is required, it is possible to add a 
larger external hold capacitor. 

The high-speed analog switch used in the AD585 exhibits aperture 
jitter of 0.5ns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with 12-bit 
precision. 

The AD585 can be used with any user-defined feedback network 
to provide any desired gain in the sample mode. On-chip precision 
thin-film resistors can be used to provide gains of + 1 , — 1 , or 
+ 2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation A/D converter. 
However, the output is protected against damage from accidental 
short circuits. 

The control signal for the HOLD command can be either 
active high or active low. The differential HOLD signal is com- 
patible with all logic families, if a suitable reference level is 
provided. An on-chip TTL reference level is provided for TTL 
compatibility. 

The AD585 is available in three performance grades. The JP 
grade is specified for the 0 to + 70°C commercial temperature 
range and packaged in a 20-pin PLCC. The AQ grade is specified 
for the - 25°C to + 85°C industrial temperature range and is 
packaged in a 14-pin cerdip. The SQ and SE grades are specified 
for the - 55°C to + 125°C military temperature range and are 
packaged in a 14-pin cerdip and 20-pin LCC. 


AD585 FUNCTIONAL BLOCK DIAGRAMS 
DIP 

LOGIC 



-V, N +V, N NULL - V s NULL GND CH 


LCC/PLCC PACKAGE 


+ V, N - V, N NC HOLD REF 



PRODUCT HIGHLIGHTS 

1. The fast acquisition time (3|xs) and low aperture jitter (0.5ns) 
make it the first choice for very high speed data acquisition 
systems. 

2. The droop rate is only 1.0m V/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

3. The low charge transfer of the analog switch keeps sample-to- 
hold offset below 3mV with the on-chip lOOpF hold capacitor, 
eliminating the trade-off between acquisition time and S/H 
offset required with other SHAs. 

4. The AD585 has internal pretrimmed application resistors for 
applications versatility. 

5. The AD585 is complete with an internal hold capacitor for 
ease of use. Capacitance can be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 

6. The AD585 is recommended for use with 10- and 12-bit 
successive-approximation A/D converters such as AD573, 
AD574A, AD674A, AD7572 and AD7672. 
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CPPPinPATinNC (typical ® +25 ° c and Vs = ±12V or ±15Vf 

OrCvIi luMI lUliw and C H = Internal, A = +1, HOLD active unless otherwise specified) 



AD585J 

AD585A 

AD585S 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

SAMPLE/HOLD CHARACTERISTICS 





Acquisition Time, 10V Step to 0.01% 

3 

3 

3 

fl.S 

20V Step to 0.01% 

5 

5 

5 

M-S 

Aperture Time, 20V p-p Input, 





HOLDOV 

35 

35 

35 

ns 

Aperture Jitter, 20V p-p Input, 





HOLDOV 

0.5 

0.5 

0.5 

ns 

Settling Time, 20V p-p Input, 





HOLDOV, to 0.01% 

0.5 

0.5 

0.5 

M'S 

Droop Rate 

1 

1 

1 

mV/ms 

Droop Rate T min to T max 

Doubles Every 10°C 

Doubles Every 10°C 

Doubles Every 1 0°C 


Charge Transfer 

0.3 

0.3 

0.3 

PC 

Sample-to-Hold Offset 

-3 3 

-3 3 

-3 3 

mV 

Feedthrough 





20V p-p, 10kHz Input 

0.5 

0.5 

0.5 

mV 

TRANSFER CHARACTERISTICS 1 





Open Loop Gain 





Vout = 20V p-p, R l = 2k 

200,000 

200,000 

200,000 

v/v 

Application Resistor Mismatch 

0 3 

0.3 

0.3 

% 

Common Mode Rejection 





V CM = ± 10V 

80 

80 

80 

dB 

Small Signal Gain Bandwidth 





Vout = 100mV p-p 

2.0 

2.0 

2.0 

MHz 

Full Power Bandwidth 





Vout = 20V p-p 

160 

160 

160 

kHz 

Slew Rate 





Vout = 20V p-p 

10 

10 

10 

V/|AS 

Output Resistance (Sample Mode) 





I out = — 10mA 

0.05 

0.05 

0.05 

a 

Output Short Circuit Current 

50 

50 

50 

mA 

Output Short Circuit Duration 

Indefinite 

Indefinite 

Indefinite 


ANALOG INPUT CHARACTERISTICS 





Offset Voltage 

5 

2 

2 

mV 

Offset Voltage, T min to T max 

6 

3 

3 

mV 

Bias Current 

2 

2 

2 

nA 

Bias Current T min to T max 

5 

5 

20 50 2 

nA 

Input Capacitance, f = 1MHz 

10 

10 

10 

pF 

Input Resistance, Sample or Hold 





20V p-p Input, A = + 1 

10 12 

10 12 

10 12 

a 

DIGITAL INPUT CHARACTERISTICS 





TTL Reference Output 

1.2 1.4 1.6 

1.2 1.4 1.6 

1.2 1.4 1.6 

V 

Logic Input High Voltage 





T mi „toT max 

2.0 

2.0 

2.0 

V 

Logic Input Low Voltage 





T m in to T max 

0.8 

0.8 

0.7 

V 

Logic Input Current (Either Input) 

50 

50 

50 

nA 

POWER SUPPLY CHARACTERISTICS 





Operating Voltage Range 

+ 5, -10.8 ±18 

+ 5, -10.8 ±18 

+ 5, -10.8 ±18 

V 

Supply Current, Ri. = 

6 10 

6 10 

6 10 

mA 

Power Supply Rejection, Sample Mode 

70 

70 

70 

dB 

TEMPERATURE RANGE 





Specified Performance 

0 +70 

-25 +85 

-55 +125 

°C 

PACKAGE OPTIONS 3 





Cerdip(Q-14) 


AD585AQ 

AD585SQ 


LCC (E-20A) 



AD585SE 


PLCC (P-20A) 

AD585JP 





NOTES 

'Maximum input signal is the minimum supply minus a headroom voltage 
of Z.5V. 

2 Not tested at - 55°C. 

3 See Section 14 for package outline information. 

Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD585 


ABSOLUTE MAXIMUM RATINGS 


Supplies ( + V s , -V s ) ±18V 

Logic Inputs ±V S 

Analog Inputs ±Vs 

Rin> P-fb Pins ±Vs 

Storage Temperature - 65°C to + 1 50°C 

Lead Temperature (Soldering) 300°C 

Output Short Circuit to Ground Indefinite 

TTL Logic Reference Short Indefinite 

Circuit to Ground 


CHANGE IN 
SAMPLE TO-HOLD 
OFFSET 



Figure 1. Sample-to-Hold Offset vs. Logic Level 
(HOLD Active) 



100pF InF 10nF 

HOLD CAPACITANCE 


Figure 2. Acquisition Time vs. Hold Capacitance 
(10V Step to 0.01%) 



Figure 3. Large Signal Response, Sample Mode 



Figure 4. Sample-to-Hold Settling Time (HOLD Active) 




Figure 5. DIP Pin Configuration 



SIGNAL 

INPUT 




Figure 6. Co nnecti on Diagram, 
Gain = -hi, HOLD Active 


Figure 7. Connection Diagram, 
Gain = +2, HOLD Active 


Figure 8. Co nnecti on Diagram, 
Gain = — 1, HOLD Active 
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SAMPLED DATA SYSTEMS 

In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 9 shows 
pictorially the sample-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Sample- to-Hold Transition, 
2. Hold Mode and 3, Hold-to-Sample Transition. 



LOGIC INPUT 


Figure 9. Pictorial Showing Various S/H Characterstics 

SAMPLE-TO-HOLD TRANSITION 

The aperture delay time is the time required for the sample-and- 
hold amplifier to switch from sample to hold. Since this is effec- 
tively a constant then it may be tuned out. If however, the 
aperture delay time is not accounted for then errors of the mag- 
nitude as shown in Figure 10 will result. 



Figure 10. Aperture Delay Error vs. Frequency 


To eliminate the aperture delay as an error source the sample- to- 
hold command may be advanced with respect to the input 
signal. 

Once the aperture delay time has been eliminated as an error 
source then the aperture jitter which is the variation in aperture 
delay time from sample- to-sample remains. The aperture jitter is 
a true error source and must be considered. The aperture jitter 
is a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the 
dV/dT of the analog input. 


The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit A/D 
converter. 

2~(N+ 1) 

max tt (Aperture Jitter) 

For an application with a 10-bit A/D converter with a 10V full 
scale to a 1/2LSB error maximum. 


2 - 00+0 

max TT (0.5 x 10~~ 9 ) 

F ma x = 310.8kHz. 

For an application with a 12-bit A/D converter with a 10V full 
scale to a 1/2LSB error maximum: 


Fmax 


2-Q2 + D 
it (0.5 x 10 ^ 9 ) 


Fmax = 77.7kHz. 


Figure 1 1 shows the entire range of errors induced by aperture 
jitter with respect to the input signal frequency. 



Figure 1 1. Aperture Jitter Error vs. Frequency 


Sample-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting sample-to-hold offset is a function of the logic 
level. 


The logic inputs were designed for application flexibility and, 
therefore, a wide range of logic thresholds. This was achie ved 
by using a differential input stage for HOLD and HOLD. 
Figure 1 shows the change in the sample-to-hold offset voltage 
based upon an independently programmed reference voltage. 
Since the input stage is a differential configuration, the offset 
voltage is a function of the control voltage range around the 
programmed threshold voltage. 

The sample-to-hold offset can be reduced by adding capacitance 
to the internal lOOpF capacitor and by using HOLD instead of 
HOLD. This may be easily accomplished by adding an external 
capacitor between Pins 7 and 8. The sample-to-hold offset is 
then governed by the relationship: 


S/H Offset (V) = 


Charge (pC) 
Ch Total (pF) 


For the AD585 in particular it becomes: 


S/H Offset (V) 


0.3 pC 

lOOpF 4- (C E xt) 
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AD585 


The addition of an external hold capacitor also affects the ac- 
quisition time of the AD585. The change in acquisition time 
with respect to the C EX t is shown graphically in Figure 2. 


HOLD MODE 

In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a sample and hold follows an 
analog multiplexer that switches among many different 
channels. 


Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dV/dT is the ratio 
of the total leakage current I E to the hold capacitance C H . 


Droop Rate = 


dVouT 

dT 


(Volts/Sec) = 


I L (PA) 

C H (PF) 


For the AD585 in particular; 


Droop Rate = | 0 o p F + (C EXT ) 

Additionally the leakage current doubles for every 10°C increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. The hold-mode 
droop rate can be traded-off with acquisition time to provide the 
best combination of droop error and acquisition time. The tradeoff 
is easily accomplished by varying the value of Cext- 

Since a sample and hold is used typically in combination with 
an A/D converter, then the total droop in the output voltage has 
to be less than 1/2 LSB during the period of a conversion. The 
maximum allowable signal change on the input of an A/D converter 
is: 


\ % t Full Scale Voltage 

AV max = ®- 

2 (N + 1) 

Once the maximum AV is determined then the conversion time 
of the A/D converter (T CO nv) is required to calculate the maximum 
allowable dV/dT. 

dV max _ AV max 
dt t CONV 

dV max 

The maximum — ^ — as shown by the previous equation is 

the limit not only at 25°C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (Toperation -25°C) 

= AT. 

(AT°C) 

dV 25°C . ~Wc dV max 

it x 2 £ -ar- 


HOLD-TO-SAMPLE TRANSITION 

The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of information. This means 
that a sampled data system must sample, convert and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 

f — \ 

MAX 2(T acq + T CO nv + T ap ) 

Where T ACQ is the acquisition time of the sample-to-hold 
amplifier, T AP is the maximum aperture time (small enough to 
be ignored) and T C onv is the conversion time of the A/D 
converter. 

DATA ACQUISITION SYSTEMS 

The fast acquisition time of the AD585 when used with a high 
speed A/D converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. The AD585 can be used with a number of different 
A/D converters to achieve high throughput rates. Figures 12 
and 13 show the use of an AD585 with the AD578 and 
AD574A. 



Figure 12. A/D Conversion System, 117.6kHz Throughput 
58.8kHz max Signal Input 



Throughput Rate, 13. 1kHz max Signal Input 
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LOGIC INPUT 

The sample-and-hold logic control was des igned for versatile 
logic interfacing. The HOLD and HOLD inputs may be used 
with both low and high level CMOS, TTL and ECL logic systems. 
Logic threshold programmability was achieved by using a differ- 
ential amplifier as the input stage for the digital inputs. A pre- 
dictable logic thr eshold m ay be programmed by referencing 
either HOLD or HOLD to the appropriate threshold vo ltage. 
For example, if the internal 1.4V reference is applied to HOLD 
an input signal to HOLD between + 1.8V and + Vs will place 
the AD585 in the hold mode. The AD585 will go into the sample 
mode for this case when the input is between — V s and + 1.0V. 
The range of references which may be applied is from (-Vs 
+ 4V) to (4- V s — 3V). 

OPTIONAL CAPACITOR SELECTION 

If an additional capacitor is going to be used in conjunction 
with the internal lOOpF capacitor it must have a low dielectric 
absorption. Dielectric absorption is just that; it is the charge 
absorbed into the dielectric that is not immediately added to or 
removed from the capacitor when rapidly charged or discharged. 
The capacitor with dielectric absorption is modeled in 
Figure 14. 


Figure 14. Capacitor Model with Dielectric Absorption 

If the capacitor is charged slowly, C D a will eventually charge to 
the same value as C. But unfortunately, good dielectrics have 
very high resistances, so while Cda may be small, R x is large 
and the time constant R x Cda typically runs into the millisecond 
range. In fast-charge, fast-discharge situations the effect of dielec- 
tric absorption resembles “memory”. In a data acquisition system 
where many channels with widely varying data are being sampled 
the effect is to have an ever changing offset which appears as a 
very nonlinear sample-to-hold offset since the difference between 
the voltage being measured and the voltage previously measured 
determines the fraction by which the dielectric absorption figure 
is multiplied. It is impossible to readily correct for this error 
source. The only solution is to use a capacitor with dielectric 
absorption less than the maximum tolerable error. Capacitor 
types such as polystyrene, polypropylene or Teflon are 
recommended. 


Rx Cda 


Cda = (D.A.) x (C) 


GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD585. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 



Figure 15. Basic Grounding Practice 


6-42 SAMPLE/TRACK-HOLD AMPLIFIERS 







ANALOG 

DEVICES 


Four-Channel 
Sample-and-Hold Amplifier 


AD684 


FEATURES 

Four Matched Sample-and-Hold Amplifiers 
Independent Inputs, Outputs and Control Pins 
500ns Hold Mode Settling 
Ips Maximum Acquisition Time to 0.01% 

Low Droop Rate: 0.01pV/ps 
Internal Hold Capacitors 
200ps Maximum Aperture Jitter 
Low Power Dissipation: 360 mW 

0.3" Skinny DIP Package 


AD684 FUNCTIONAL BLOCK DIAGRAM 



OUT1 

S/HI 

OUT2 

S/H2 

OUT3 

S/H3 

OUT4 

S/H4 


PRODUCT DESCRIPTION 

The AD684 is a monolithic quad sample-and-hold amplifier 
(SHA). It features four complete sampling channels, each con- 
trolled by an independent hold command. Each SHA is com- 
plete with an internal hold capacitor. The high accuracy SHA 
channels are self-contained and require no external components 
or adjustments. The AD684 is manufactured on a BiMOS 
process which provides a merger of high performance bipolar 
circuitry and low power CMOS logic. 

The AD684 is ideal for high performance, multichannel data 
acquisition systems. Each SHA channel can acquire a signal in 
less than 1 ps and retain the held value with a droop rate of less 
than O.OlpV/ps. Excellent linearity and ac performance make 
the AD684 an ideal front end for high speed 12- and 14-bit 
ADCs. 

The AD684 has a self-correcting architecture that minimizes 
hold mode errors and insures accuracy over temperature. Each 
channel of the AD684 is capable of sourcing 5mA and incorpo- 
rates output short circuit protection. 

The AD684 is specified for three temperature ranges. The J 
grade device is specified for operation from 0 to 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. 


PRODUCT HIGHLIGHTS 

1. Fast acquisition time (lps) and low aperture jitter (200ps) 
make the AD684 the best choice for multiple channel data 
acquisition systems. 

2. Monolithic construction insures excellent interchannel 
matching in terms of timing and accuracy, as well as high 
reliability. 

3. Independent inputs, outputs and sample-and-hold controls 
allow user flexibility in system architecture. 

4. Low droop (O.OlpV/ps) and internally compensated hold 
mode error results in superior system accuracy. 

5. The AD684's fast settling time and low output impedance 
make it ideal for driving high speed analog to digital convert- 
ers such as the AD578, AD674, AD7572 and the AD7672. 
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(typical @ +25°C, V CC = +12V, V EE = -12V, unless otherwise specified) 




AD684J 



AD684A 



AD684S 



Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

SAMPLING CHARACTERISTICS 











Acquisition Time (T min to T max ) 











10V Step to 0.01% 


0.75 

1.0 


0.75 

1.0 


0.75 

1.0 

M-s 

10V Step to 0.1% 


0.5 

0.6 


0.5 

0.6 


0.5 

0.6 

pS 

Small Signal Bandwidth 


4 



4 



4 


MHz 

Full Power Bandwidth 


1 



1 



1 


MHz 

HOLD CHARACTERISTICS 











Effective Aperture Delay 


-20 

-10 

-30 

-20 

-10 

-30 

-20 

-10 

ns 

Aperture Jitter 










ps 

Hold Settling Time (to lmV) 


250 






250 


ns 

Droop Rate (T^ to T^) 1 

Feedthrough 


0.01 

1 


0.01 

5 


0.01 

7 

pV/ps 

(V IN = ±5V, 100kHz) 





-90 



-90 


dB 

ACCURACY CHARACTERISTICS (T mn to T^) 1 











Hold Mode Offset 

-7 

-4 

+3 

-7 

-4 

+3 

-7 

-4 

+3 

mV 

Hold Mode Offset Drift 





10 



10 


.. \7/or> 
l*v/ 

Track Mode Offset 


50 

200 


50 



50 

■ 

mV 

Nonlinearity 










% FS 

Gain Error 








±0.03 


% FS 

INTERCHANNEL CHARACTERISTICS 











Interchannel Isolation 











(V IN = ±5V, 100kHz) 

80 

86 


80 

86 


80 

86 


dB 

Interchannel Aperture Offset 


150 

300 


150 

300 


150 

300 

ps 

Interchannel Offset 


0.1 

1.2 


0.1 

1.2 


0.1 

1.2 

mV 

OUTPUT CHARACTERISTICS 











Output Drive Current 2 











(T mi „ to T max ) 

-5 


+5 

-5 


+5 

-5 


+5 

mA 

Output Resistance, dc 

Total Output Noise 


O.S 

0.5 


0.3 

0.5 


0.3 

0.5 

a 

(dc to 5MHz) 


150 



150 



150 


pV rms 

Sampled dc Uncertainty 

Hold Mode Noise 


85 



85 



85 


pV rms 

(dc to 5MHz) 


125 



125 



125 


pV rms 

Short Circuit Current 3 











Source 


20 



20 



20 


mA 

Sink 


10 



10 



10 


mA 

INPUT CHARACTERISTICS (T min to T max ) 











Input Voltage Range 

-5 


+5 

-5 


+5 

-5 


+5 

V 

Bias Current 


100 

200 


100 

200 


100 

200 

nA 

Input Impedance 


50 



50 



50 


MH 

Input Capacitance 


2 



2 



2 


pF 

DIGITAL CHARACTERISTICS (T^ to T max ) 











Input Voltage Low 



0.8 



0.8 



0.8 

V 

Input Voltage High 

2.0 



2.0 



2.0 



V 

Input Current (V IN = 5V) 


2 

20 


2 

20 


2 

20 

pA 

POWER SUPPLY CHARACTERISTICS 











(Tmin tO T ma x) 











Operating Voltage Range (V cc , V EE ) 

±10.8 

±12 

±13.2 

±10.8 

±12 

±13.2 

±10.8 

±12 

±13.2 

V 

Supply Current 


15 

22 


15 

22 


15 

24 

mA 

+ PSRR (+12V, ±10%) 

65 

70 


65 

70 


65 

70 


dB 

-PSRR (-12V, ±10%) 

60 

65 


60 

65 


60 

65 


dB 

Power Consumption 


360 

530 


360 

530 


360 

580 

mW 

TEMPERATURE RANGE 











Specified Performance 

0 


+70 

-40 


+85 

-55 


+ 125 

°C 


NOTE 

‘Specified and tested over an input range of ±5V. 

2 Maximum current the AD684 can source (or sink). Testing guarantees that the accuracy of the held signal remains within 2.5mV of its initial value. 

3 The output is protected for a short circuit to common, +V CC and V E e- 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 


6-44 SAMPLE/TRACK-HOLD AMPLIFIERS 





















AD684 


ABSOLUTE MAXIMUM RATINGS* 



With 




Spec 

Respect to 

Min 

Max 

Unit 

V C c 

Common 

-0.3 

+ 15 

V 

Vee 

Common 

-15 

+0.3 

V 

Control Inputs 

Common 

-0.5 

+ 7 

V 

Analog Inputs 

Output Short Circuit to 

Common 

-12 

+ 12 

V 

Ground, V cc , or V EE 


Indefinite 


Max Junction 





Temperature 



+ 175 

°C 

Storage 

Lead Temperature 


-65 

+ 150 

°C 

(lOsec max) 



+ 300 

°C 

Power Dissipation 



640 

mW 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 


PIN CONFIGURATION 



CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING GUIDE 


Model 

Temperature Range 

Package 

Options* 

AD684JQ 

0 to +70°C 

Q-16 

AD684AQ 

— 40°C to +85°C 

Q-16 

AD684SQ 

— 55°C to + 125°C 

Q-16 


*See Section 14 for package outline information. 
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Typical Characteristics 



Interchannel Isolation vs. Frequency Power Supply Rejection Ratio Droop Rate vs. Temperature, V IN = OV 

vs. Frequency 



Effective Aperture Delay vs. Frequency Bias Current vs. Input Voltage 


Supply Current vs. Temperature 




INPUT STEP - V 


Supply Current vs. Supply Voltage Acquisition Time (to 0.01%) 

vs. Input Step Size 
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AD684 


DEFINITIONS OF SPECIFICATIONS 
Acquisition Time — The length of time that the SHA must 
remain in the sample mode in order to acquire a full scale input 
step to a given level of accuracy. 

Small Signal Bandwidth — The frequency at which the held 
output amplitude is 3dB below the input amplitude, under an 
input condition of a lOOmV p-p sine wave. 

Full Power Bandwidth — The frequency at which the held out- 
put amplitude is 3dB below the input amplitude, under an input 
condition of a 10 V p-p sine wave. 

Effective Aperture Delay — The difference between the switch 
delay and the analog delay of the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. 

Aperture Jitter — The variations in aperture delay for succes- 
sive samples. Aperture jitter puts an upper limit on the maxi- 
mum frequency that can be accurately sampled. 

Hold Settling Time — The time required for the output to set- 
tle to within a specified level of accuracy of its final held value 
after the hold command has been given. 

Droop Rate — The drift in output voltage while in the hold 
mode. 

Feedthrough — The attenuated version of a changing input 
signal that appears at the output when the SHA is in the hold 
mode. 

Hold Mode Offset — The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0V. 


Tracking Mode Offset — The difference between the input and 
output signals when the SHA is in the track mode. 

Nonlinearity — The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of -5V and + 5V. 

Gain Error — Deviation from a gain of + 1 on the transfer 
function of input vs. held output. 

Interchannel Isolation — The level of crosstalk between adja- 
cent channels while in the sample (track) mode with a full scale 
100kHz input signal. 

Interchannel Aperture Offset — The variation in aperture time 
between the four channels for a simultaneous hold command. 

Differential Offset — The difference in hold mode offset 
between the four SHA channels. 

Power Supply Rejection Ratio — A measure of change in the 
held output voltage for a specified change in the positive or 
negative supply. 

Sampled dc Uncertainty — The internal rms SHA noise that is 
sampled onto the hold capacitor. 

Hold Mode Noise — The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 

Total Output Noise — The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum- 
mation of the sampled dc uncertainty and the hold mode noise. 

Output Drive Current — The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5m V. 


FUNCTIONAL DESCRIPTION 

The AD684 is a complete quad sample-and hold amplifier that 
provides high speed sampling to 12 -bit accuracy in less than 

1|XS. 

The AD684 is completely self-contained, including on-chip hold 
capacitors, and requires no external components or adjustments 
to perform the sampling function. Each SHA channel can oper- 
ate independently, having its own input, output and sample/hold 
command. Both inputs and outputs are treated as single ended 
signals, referred to common. 

The AD684 utilizes a proprietary circuit design which includes a 
self-correcting architecture. This sample-and-hold circuit cor- 
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out- 
put in the sample mode is not intended to provide an accurate 
representation of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. To the right is a block diagram of the AD684. 



OUT1 

S/HI 

OUT2 

S/H2 

OUT3 

S/H3 

OUT4 

S/H4 
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DYNAMIC PERFORMANCE 

The AD684 is compatible with 12-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD684 to be used with high speed, high resolution A-to-D con- 
verters like the AD674 and AD7672. The AD684's fast acquisi- 
tion time provides high throughput rates for multichannel data 
acquisition systems. Typically, the sample and hold can acquire 
a 10V step in less than 750ns. Figure 1 shows the settling accu- 
racy as a function of acquisition time. 



o I i i i l 

0 250 500 750 1000 


ACQUISITION TIME - ns 

Figure Vout Settling vs. Acquisition Time 

The hold settling determines the required time, after the hold 
command is given, for the output to settle to its final specified 
accuracy. The typical settling behavior of the AD684 is shown 
in Figure 2. The settling time of the AD684 is sufficiently fast 
to allow the SHA, in most cases, to directly drive an A-to-D 
converter without the need for an added “start convert” delay. 



Figure 2. Typical AD684 Hold Mode 


HOLD MODE OFFSET 

The dc accuracy of the AD684 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset is specified for a OV input condition. Over the input 
range of -5V to +5V, the AD684 is also characterized for an 
effective gain error and nonlinearity of the held value, as shown 
in Figure 3. As indicated by the AD684 specifications, the hold 
mode offset is very well matched between channels and stable 
over temperature. 



Figure 3. Hold Mode Offset , Gain Error and Nonlinearity 

For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom- 
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD711). Only a single 
adjustment of the offset is necessary for the four SHA channels 
as a result of the excellent matching among them. The offset 
will change less than 0.5mV over the specified temperature 
range. 

SUPPLY DECOUPLING AND GROUNDING 
CONSIDERATIONS 

As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces- 
sive high frequency noise (ripple). The supply connection to the 
AD684 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per- 
formance, decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
0.1 (iF capacitors should be connected from V cc and V EE to 
common. 



DIGITAL 

DATA 

OUTPUT 


Figure 4. Basic Grounding and Decoupling Diagram 
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AD684 


The AD684 does not provide separate analog and digital ground 
leads as is the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer- 
ence point for the sampled input voltage and the held output 
voltage and also the digital ground return path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the 684 are connected internally, the 
common pin should also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 4 illustrates the recommended decoupling and grounding 
practice. 

NOISE CHARACTERISTICS 

Designers of data conversion circuits must also consider the 
effect of noise sources on the accuracy for the data acquisition 
system. A sample-and-hold amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the 
AD684 is specified as the total output noise, which includes 
both the sampled wideband noise of the SHA in addition to the 
band limited output noise. The total output noise is the rms 
sum of the sampled dc uncertainty and the hold mode noise. A 
plot of the total output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure 5. 



Figure 5. RMS Noise vs. Input Bandwidth of ADC 

DRIVING THE ANALOG INPUTS 

For best performance, it is important to drive the AD684 analog 
inputs from a low impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. Signals which come from higher impedance sources 
(e.g., over 5k ohms) will have a relatively higher level of 
crosstalk. For applications where signals have high source 
impedance, an operational amplifier buffer in front of the 
AD684 is required. The AD713 (precision quad BiFET op amp) 
is recommended for these applications. 

HIGH FREQUENCY SAMPLING 

Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 


A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 6. 

The accuracy in sampling high frequency signals is also con- 
strained by the distortion and noise created by the sample-and- 
hold. The level of distortion increases with frequency and 
reduces the “effective number of bits” of the conversion. 



Figure 6. Error Magnitude vs. Frequency 



100 Ik 10k 100k 1M 

FREQUENCY - Hz 

Figure 7. Total Harmonic Distortion vs. Frequency 



100 Ik 10k 100k 

FREQUENCY - Hz 

Figure 8. Signal/(Noise and Distortion) vs. Frequency 

Measurements of Figures 7 and 8 were made using a 14-bit 
A-to-D converter with V IN = 10V p-p and a sample frequency of 
100KSPS. 
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DATA ACQUISITION APPLICATIONS 

Figure 9 shows a typical data acquisition circuit using the 
AD684 and the high speed 12-bit A-to-D converter, the 
AD7672. Fou r input s ignals are simultaneously sampled by the 
AD684 as the HOLD command is given. One of the four held 
outputs is selected by the ADG201, quad CMOS switch, and 
buffered by the AD711. The AD588 provides the reference volt- 
age with switches A-B and C-D selecting a -5V to +5V or 0 to 
+ 5V input range. 


+ 12V 



Figure 9. Data Acquisition System Using the AD684 and the AD7672 
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□ ANALOG 
DEVICES 


Low Cost 16-Bit Accurate 
Sample-and-Hold Amplifier 


ADI 154 


FEATURES 

Low Nonlinearity: ±7.6 ppm max (172 LSB @ 16-Bit 
Accuracy) 

Fast Acquisition Time to ±0.00076%: 3.5 ps 
Low Droop Rate: 0.02 pV/ps 
Aperture Jitter: 150 ps 
±10 V Input Range 

Hold Mode Feedthrough Rejection of -106 dB 
14-Pin Metal DIP 
Gain of +1 V/V 
Low Cost 

APPLICATIONS 

Medical and Analytical Instrumentation 
Automatic Test Equipment 
Data Acquisition for Signal Processing 
Simultaneous Sample-and-Hold 
Peak Measurement Detection 
Event Analysis 


AD1154 FUNCTIONAL BLOCK DIAGRAM 


AGND/ OFFSET 
DA COMP ADJ 


INPUT 
+ 15 V 
AGND 
-15 V 
DGND 



OUTPUT 


SHA 

CONTROL 


GENERAL DESCRIPTION 

The ADI 154 is a high accuracy, low cost sample-and-hold 
amplifier (SHA) designed to be used in high resolution data 
acquisition systems. It is complete with internal hold capacitor 
and proprietary capacitor trimmed compensation circuitry. Its 
accuracy (0.00076% of full scale range) and dynamic perform- 
ance allow it to be used with high speed 16-bit A/D converters. 
The AD1154’s low price enables users to upgrade the front end 
performance of 14-bit systems without increasing system cost. 

Its gain accuracy and droop rate in “hold” mode also allow accu- 
rate conversion by slower 16-bit A/D converters having conver- 
sion times of up to 7.6 ms. 

The ADI 154 is a hybrid noninverting sample-and-hold amplifier 
(SHA) with a gain of +1 V/V. It can be utilized in most invert- 
ing SHA applications by inverting the digital data. The ADI 154 
is packaged in a compact 14-pin metal DIP. 

Typical applications for the ADI 154 include data acquisition 
systems, strobed measurement systems, peak hold circuits and 
simultaneous sample-and-hold functions. The AD 11 54 is avail- 
able in two grades, both operating over the -25°C to + 85°C 
temperature range. The “A” grade is specified for 15-bit accu- 
rate systems, while the “B” grade offers superior performance 
for true 16-bit applications. 


PRODUCT HIGHLIGHTS 

1. Fast acquisition and low jitter make it the right choice for 
high speed, high accuracy data acquisition. 

2. Its low droop rate (0.02 (jlV/jxs) allows it to be used in slower 
systems without noticeable performance degradation. 

3. The ADI 154 is ideal for systems requiring wide dynamic 
range. 

4. Low price reduces overall system cost. 

5. Unity gain buffer architecture allows ease of use. 
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SPECIFICATIONS 


(typical @ 25°C and nominal power supply of ± 15V unless otherwise noted) 


Model 

AD1154AW 

AD1154BW 

Units 

ANALOG INPUT 

Voltage Range 

± 10 min 

★ 

V 

Overvoltage (No Damage) 

± v s 

★ 

V 

Input Impedance 

10 12 

* 

n 

Input Capacitance 

10 

★ 

pF 

DIGITAL INPUT (TTL COMPATIBLE) 

Sample Mode Logic “1” 

2.0 min 

★ 

V 

Hold Mode Logic “0” 

0.8 max 

★ 

V 

Logic “1” Current 

1 

★ 

|xA 

Logic “0” Current 

3 

★ 

M-A 

ANALOG OUTPUT 

Voltage (Rload— 2 kfl) 

± 10 min 

* 

V 

Short Circuit Current 

20 

* 

mA 

Impedance 

0.1 

* 

n @ 1kHz 

DC ACCURACY/STABILITY 

Gain 

+ 1 

★ 

v/v 

Gain Error 

±0.003 (±0.01 max) 

★ 

% 

Gain Temperature Coefficient 

±0.1 (±1 max) 

★ 

ppm/°C 

N onhneanty 

Sample Mode 1 

±0.0015 

* 

% 

Hold Mode 

±0.0015 max 

±0.00076 max 

% 

Per mV of Offset Adjust (Hold Mode) 

±0.3 

* 

ppm/mV 

Offset Error (Adjustable to Zero) 

±3 (±20 max) 

★ 

mV 

Offset Error @ T min , T max 2 

±0.6 

★ 

mV 

Offset Tempco per mV of Offset Adjust 

±0.5 

* 

|xV/°C/mV 

SAMPLE MODE DYNAMICS 

Small Signal Bandwidth (-3 dB) 

1 

★ 

MHz 

Full Power Bandwidth 

120 

★ 

kHz 

Slew Rate 

10 

★ 

V/|xs 

Noise (dc to 1 MHz) 

40 

★ 

|xV rms 

SAMPLE-TO-HOLD SWITCHING 

Aperture Delay 

80 

★ 

ns 

Aperture Uncertainty (Jitter) 

150 

* 

ps 

Offset Step (Pedestal) 

±8 

* 

mV 

Switching Transient 

Amplitude 

±75 

* 

mV 

Settling to ±0.003% 

0.4 

* 

|AS 

Settling to ±0.00076% 

1 

★ 

JXS 

Dielectric Absorption Error (Uncompensated) 

0.003 

★ 

% 

HOLD MODE DYNAMICS 

Droop Rate 

0.05 (0.1 max) 

0.02 (0.05 max) 

|xV/|AS 

Droop Rate (o' T max 

1 

★ 

(jlV/(xs 

Feedthrough Rejection (20 V p-p (a 10 kHz) 

-106 (-96 max) 

★ 

dB 

HOLD-TO-TRACK SWITCHING 

Acquisition Time to ±0.00076% of 20 V 3 

5 (8 max) 

3.5 (5 max) 

M*s 

POWER REQUIREMENTS 

Nominal Voltage for Rated Performance (V s ) 

±15 (±3%) 

★ 

V 

Power Supply Rejection 

20 

★ 

p-V/V 

Supply Current 

+v s 

10 

★ 

mA 

-V s 

10 

★ 

mA 

Power Dissipation 

300 

★ 

mW 

TEMPERATURE RANGE 

Rated Performance 

-25 to +85 

★ 

°C 

Storage 

-40 to +125 

* 

°C 

PACKAGE 

14-Pin DIP 

★ 



OUTLINE DIMENSIONS 

Dimensions are shown in inches and (mm). 


14-LEAD METAL PLATFORM DIP 




h 0.500 (12.7) 



0.080 

(2.03) 


PIN DESIGNATIONS 


PIN 

DESCRIPTION 

PIN 

DESCRIPTION 

1 

SHA CONTROL 

8 

SHA OUTPUT 

2 

NO CONNECTION 

9 

OFFSET ADJUST 

3 

NO CONNECTION 

10 

NO CONNECTION 

4 

DIGITAL GROUND 

11 

+ 15 V 

5 

NO CONNECTION 

12 

ANA GND/DA COMP 

6 

ANALOG GROUND 

13 

SHA INPUT 

7 

OFFSET ADJUST 

14 

-15 V 


NOTE 

‘The ADI 154 was designed specifically for 16-bit accurate sample/hold applications (tailored for hold mode performance), 
but it may be used as a track-and-hold amplifier with 15-bit accurate tracking performance. 

2 Error at +25°C adjusted to zero. 

3 Tested with 5 k ft load. 

^Specification same as AD1154AW 
Specifications subject to change without notice. 
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ACQUISITION TIME - txs 

Figure 1. Acquisition Time vs. Final Error Band for 20 Volt 
Step 



-25 -15 -5 +5 +15 +25 +35 +45 +55 +65 +75 +85 +90 +100 

TEMPERATURE - °C 

Figure 2. Droop Rate vs. Temperature 
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Figure 3. Hold-to-Sample Acquisition Time 
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Figure 5. Input Feedthrough 


Figure 6. Acquisition Time Test Circuit 
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TERMINOLOGY 

Accuracy is the peak deviation of the output from a straight line 
through the endpoints of the transfer function. It is expressed as 
a percentage of the full scale output range. Note that this 
parameter is measured in hold mode because the actual voltage 
to be converted is the voltage present at the output of the device 
during the hold mode. 

Acquisition Time is the time required by the device to reach its 
final value within a given error band after the sample/track com- 
mand has been given assuming that the input amplifier has set- 
tled. This includes switch delay time, slewing time and settling 
time for a given output voltage change. 

Aperture Time is the time required after the hold command for 
the switch to open fully. The sample is, in effect, delayed by 
this interval, and the hold command would have to be advanced 
by this amount for precise timing. 

Aperture Jitter is the range of variation in the aperture time. If 
the aperture time is “tuned out” by advancing the hold com- 
mand a suitable amount, this spec establishes the ultimate tim- 
ing error, hence, the maximum sampling frequency to a given 
resolution. 

Charge Transfer (or offset step or pedestal) is the charge trans- 
ferred to the storage capacitor when switching to the hold mode. 

Droop Rate is the rate of change in output voltage over time 
while in the hold mode. The droop rate will determine how 
long a signal can be accurately held before it changes more than 
1 LSB. 

Feedthrough is the fraction of the input signal variation or ac 
input waveform that appears at the output in hold. It is caused 
by stray capacitive coupling from the input to the storage capac- 
itor, principally across the open switch. 

Small Signal Bandwidth is the maximum analog signal frequency 
that can be tracked before the gain is reduced by 3 dB. This 
assumes the signal amplitude is small enough so as not to be 
slew rate limited. 

Switching Transient Settling Time is the time required for the 
device to stabilize in the hold mode to within specified limits of 
its final value after the hold mode signal has been given. 



SAMPLE 1 H0LD | SAMPLE 

LOGIC INPUT 


INVERTING VS. NONINVERTING ARCHITECTURE 

The AD 11 54 has a gain of +1 V/V. Many S/H amplifiers use an 
inverting architecture and hence have a gain of - 1 V/V. The 
ADI 154, because of its noninverting architecture, does not have 
an externally accessible summing point. This pin is found on 
most inverting S/Hs and is typically not used. In applications 
where the summing junction is not connected, the ADI 154 can 
be used as a direct hardware replacement by tying Pin 12 to 
ground, but the output is of opposite polarity. 

GROUNDING CONSIDERATIONS 

The AD 11 54 is a true 16-bit performance sample/hold amplifier. 
In order to insure proper operation of the device, great care 
must be taken in managing the ground tracks. It is recom- 
mended that Pins 4, 6 and 12 of the ADI 154 be tied together 
directly outside of the package. This point should then be tied 
to the analog ground of the A/D converter, as shown in Figure 
8. This track should be as short and wide as possible to mini- 
mize voltage drops. Also note from the figure that any other 
analog grounds in the signal path should be joined to the A/D 
converter analog ground. 



Figure 8. Basic Grounding and Power Supply Bypassing 
Practice 

DIELECTRIC ABSORPTION COMPENSATION 

The hold capacitor used in the ADI 154 is a high quality ceramic 
chip capacitor. This capacitor’s dielectric absorption characteris- 
tics are typically better than high quality film capacitors. In 
addition, the ADI 154 provides a means for compensating for 
the dielectric absorption of the capacitor if better performance is 
required. If dielectric absorption compensation is not used. Pin 
12 should be tied to ground. Please refer to the section titled 
“DISCUSSION OF DIELECTRIC ABSORPTION” for more 
detailed information . 


POWER SUPPLY BYPASSING 

Figure 7. T/H Characteristics The AD 11 54 utilizes high speed amplifiers in its design. These 

amplifiers require quiet power supplies that are free from 
spikes. For maximum performance it is recommended that both 
power supplies be bypassed with 0. 1 jxF ceramic capacitors in 
parallel with 10 jxF tantalum capacitors located as close to the 
device as possible (see Figure 8). 
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DISCUSSION OF DIELECTRIC ABSORPTION 

The hold capacitor of the ADI 154 was chosen for its low dielec- 
tric absorption (D.A.) characteristics. D.A. is directly affected 
by the sample/hold mode switching durations and input levels. 
The ADI 154 provides the user with a pin for external D.A. 
compensation circuitry. The AD1154’s uncompensated D.A. 
performance is inherently superior, and in most applications the 
D.A. compensation pin should be connected to ground. Where 
additional compensation is desired to tailor the AD 11 54 to a 
specific user’s application, only three resistors and a capacitor 
are required to optimize the AD1154’s D.A. performance (see 
Figure 11). 

If a capacitor is charged to a voltage, discharged for a moderate 
period of time, and then open circuited, the voltage on the 
capacitor will begin to creep back towards its initial value. This 
creep voltage is known as dielectric absorption. Dielectric 
absorption occurs because the dielectric material doesn’t polarize 
instantly, the molecules need time to align themselves. As a 
result, not all of the energy stored in a capacitor can be quickly 
recovered upon discharge. 

A first order model of the hold capacitor to include dielectric 
absorption effects is shown in Figure 9. In addition to the main 
capacitance, C M , and the insulation resistance, R x , there is an 



Figure 9. First Order Model of D. A. Effects 


R da and a C DA . When the capacitor is charged to some value, 
C DA is also charged. When the capacitor is discharged, C DA also 
discharges. But it must discharge through R DA , and, if the 
capacitor is not discharged for a long enough period of time, 
Cda will not completely discharge. As a result, when the capaci- 
tor is open circuited, C DA will discharge into C M causing the 
voltage across it to creep back towards its initial value. The 
actual model of the capacitor should contain additional R DA s 
and C DA s with increasing time constants in parallel with the one 
shown. 


Figure 10 shows a circuit suitable for measuring the dielectric 
absorption of sample/hold amplifiers. The circuit operates as 
follows: R1 and Cl set the frequency of the SHA control; R2 
and C2 set the amount of acquisition time allowed for the SHA. 
See the timing diagram of Figure 10. 



+ 15 V +15 v 



Figure 10. Dielectric Absorption Measurement Circuit 


During T B , the CONTROL line is high, the ADI 154 is in the 
sample mode and the analog input charges the hold capacitor to 
+ 10 V. During T c the analog input to the SHA is switched to 
ground, effectively shorting the hold capacitor for the remainder 
of the sample period. During T A , the SHA is switched into hold 
mode and the hold capacitor is open circuited. The dielectric 
rebound can be observed on the oscilloscope during T A . Refer 
to Figure 12. 

Note that the dielectric absorption error is dependent on several 
factors: it is a function of how long the capacitor is charged 
(T b ), how long it is discharged (T c ) and how long it is observed 
while open circuited (T A ). These parameters can be modified by 


changing Rl, R2, Cl and C2. 

The AD 11 54 provides a pin to compensate for dielectric absorp- 
tion. To use it, the circuit of Figure 11 must be employed. 

To find the optimum values for Rl, R2, R3 and Cl follow this 
procedure: 

1. Adjust the D.A. measurement circuit (see Figure 10) to rep- 
resent a typical sampling rate. 

2. Observe the dielectric absorption error on the oscilloscope. 

3. Pick (R1||R2) . Cl to be equal to the approximate time con- 
stant (T const ) of the dielectric rebound on the oscilloscope 
(see photo in Figure 12). 
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4. R3 is used to adjust the magnitude of the compensation. To 
find an initial approximation for R3, the following relation- 
ship can be used: 

R3 = [Magnitude of D. A. error x(Rl+R2)]/10 x 

l/(e -Tc/TcoNST — e _TA/TcoNST ) 

5. R3 can then be fine trimmed for the flattest output during 
hold. 

Using this method it is possible to reduce the effect of dielectric 
absorption by a factor of four or five. The typical values for 
resistors and capacitor given in Figure 1 1 are for a sample time 
of 20 jxs, acquisition time of 5 jjls and a hold time of 20 (jls. 
When determining the values, R3 should be less than 10 O, and 
Cl should be as small as possible. 



Figure 1 1. D/A Compensation Circuit with Typical Values 

DYNAMIC SIGNALS 

The primary purpose of using a sample/hold in front of an A/D 
converter is to hold the input constant while the A/D performs 
its conversion. Without a sample/hold, a 16-bit A/D converter 
would not be able to accurately digitize any signal whose slew 
rate exceeded 1 LSB divided by the conversion time. Or, for a 
15 (xs A/D with an input range of ±10 V this says: 

Input Signal Slew Rate MAX = 1 LSB + Conversion Time 
= 20.3 V/S 

Since the maximum slew rate of a sinusoid is defined as: 

Slew Rate MAX = 2 . it . Amplitude . Frequency 
This translates into a maximum input frequency of: 

Fin max = Slew Rate MAX -f- (2 . tt . Amplitude) = 0.32 Hz 
By using a sample/hold, however, the maximum slew rate of the 
input signal is now limited by the aperture jitter of the sample/ 
hold, which is usually orders of magnitude better than a conver- 
sion time. Specifically, for an ADI 154 the analysis is: 

Input Signal Slew Rate MAX = 1 LSB 4- Aperture Jitter = 

2.035 V/|xs. 

Now the maximum input frequency becomes: 

Fin max = Slew Rate MAX 4- (2 . tt . Amplitude) = 32.4 kHz. 



Figure 12. Dielectric Absorption 


This represents a dramatic improvement over using the A/D 
converter by itself. The AD1154’s 222 kHz throughput 
(1 /(T AC q + Tsett)) and 150 ps aperture jitter allow it to digi- 
tize input signals of up to 32 kHz to 16-bit accuracy or up to a 
128 kHz signal to 14-bits. 

+15 v 


I 



Figure 13. Offset Adjust Circuit 

OPERATING INSTRUCTIONS 
Offset Adjust 

In most data acquisition systems only one offset adjustment is 
made. Usually the offset adjust of the A/D converter is used to 
null the combined system offsets. However, the offset or pedes- 
tal of the AD 11 54 can be nulled by connecting a trim potenti- 
ometer between Pins 7 and 9, and tying the wiper to +15 V 
(refer to Figure 13.) To null the pedestal, ground the input of 
the SHA and toggle the SHA CONTROL. Then adjust the pot 
until the output of the SHA in hold mode reads 0 V. Please 
note that each millivolt of offset adjust adjustment degrades lin- 
earity by 0.3 ppm. 

APPLICATIONS 

50kHz Sampling A/D System 

Figure 14 shows a typical connection of the ADI 154 to the 
AD 1376 (16-bit 15.5 |xs A/D converter). This combination will 
result in an A/D conversion system capable of sampling a 
25 kHz signal at a 50 kHz throughput rate. (Where Throughput 
Rate = T acq + T settle + T CONV = 3.5 (is + 1 (is + 

15.5 (xs = 20 |xs.) This example has an input range of ±10 V, 
power consumption of < 1 W and 16-bit resolution. The 
accuracy of this system is limited to the AD1376’s 14-bit 
performance. 

Track-and-Hold 

The AD1154’s design is optimized for sample-and-hold applica- 
tions and is internally compensated to guarantee 16-bit 
(0.00076%) hold mode gain nonlinearity. Even though the 
AD 11 54 is tailored specifically as a SHA, it may be used as a 
track-and-hold amplifier providing 15-bit (0.0015%) track mode 
gain nonlinearity. 


-15 V +15 V +5 v 
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ANALOG 

DEVICES 


Ultrahigh-Speed Hybrid 
Track-and-Hold Amplifier 


HTC-0300A 


FEATURES 

Aperture Jitter of 50ps 
Input Range ±10V 
Output Current ±50mA 
Max Droop Rate 5pV/ps 

Max 200ns Acquisition Time (0.01%; 10V Step) 

APPLICATIONS 
Data Acquisition Systems 
Peak Measurement Systems 
Simultaneous Sample & Hold 
Analog Delay 


HTC-0300A FUNCTIONAL BLOCK DIAGRAM 



ANALOG 

OUTPUT 


GROUND 


NOTES: WHEN APPLYING HOLD COMMAND TO PIN 1 1 , CONNECT 
HOLD COMMAND (PIN 1 21 TO GROUND. 

WHEN APPLYING HOLD COMMAND TO PIN 12, CONNECT 
HOLD COMMAND (PIN 1 1 ) TO + 5V. 


GENERAL DESCRIPTION 

The HTC-0300A is a hybrid microcircuit track-and-hold amplifier 
useful in a wide range of signal processing applications, including 
waveform measurements, analog signal delay, and signal 
sampling. 

The unit has a typical aperture jitter of only 50 picoseconds 
rms; wide dynamic input range of ± 10 volts; and laser-trimmed 
gain and offset which preclude a need for external adjustments. 
Its speed and precision are the result of innovative design tech- 
niques using a high-speed op amp and DMOSFET switches. 
These techniques also enhance device performance in feedthrough 
rejection, linearity, harmonic distortion, droop rate, and output 
voltage swing. 


ORDERING INFORMATION 

For a case temperature range of -25°C to + 85°C, order the 
HTC-0300A; it is packaged in a 24-pin hermetically-sealed ceramic 
DIP. 

A case temperature range of — 55°C to + 125°C is available with 
the HTC-0300AM, HTC-0300AM/883B, and the HTC-0300ATD/ 
883B. The first two units are housed in 24-pin metal packages, 
and the latter unit is packaged in a hermetic 24-pin ceramic 
DIP. 

All versions of the HTC-0300A are manufactured in a facility 
which has been certified to MIL-STD-1772. 
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(Typical with nominal supplies, unless otherwise noted) 








HTC-0300AM 



Sub- 


HTC-0300A 1 


ATD/883B AM/883B 2 


Parameter 1 * 2 (Conditions) 

Group 

Temp. 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

ANALOG INPUT 










(FS = Full Scale = 10V; 

FSR * Full-Scale Range = 20V) 










# Voltage Range 


+ 25°C 



±10 



±10 

V 

# Overvoltage, No Damage 


+ 25°C 



±15 



±15 

V 

7 Input Impedance (Vi N = 10V ; 

1,2,3 

Full 

950 

1000 

1050 

950 

1000 

1050 

n 

Pins 1 1 & 12 = “0”) 










# Initial Offset Voltage 

1 

+ 25°C 


±0.5 

±5.0 


±0.5 

±5.0 

mV 

(Vin = 0V ; Pins 1 1 & 12 = “0”) 










DIGITAL INPUT MODE 










CONTROL 










(TTL Compatible) 
y Logic “0” Input Voltage 

1,2,3 

Full 

0.0 


0.8 

0.0 


0.8 

V 

y Logic “0” Input Current 

1,2 

+ 25°C/ 

+ 125°C 



±1.0 



±1.0 

M-A 

# Logic “0” Input Current 


— 55°C 



±1.0 



±1.0 

H.A 

y Logic “1” Input Voltage 

1,2,3 

Full 

2.0 


5.5 

2.0 


5.5 

V 

y Logic "0” Input Current 

1,2 

+ 25°C / 
+ 125°C 



±1.0 



±1.0 

^A 

# Logic “0” Input Current 


-55°C 



±1.0 



±1.0 

|xA 

ANALOG OUTPUT 

# Voltage 

# Current 

■ 

+ 25°C 

±10 



±10 



V 

(Not Short Circuit Protected) 


+ 25°C 

±50 



±50 



mA 

# Impedance 

Ml 

+ 25°C 


0.1 

1.0 


0.1 

1.0 

SI 

Capacitive Load (See text) 


+ 25°C 


250 



250 


pF 

# Noise in Track Mode 3 

an 

+ 25°C 








dcto 100kHz 

JM ■; 



15 



15 


pV rms 

dctolMHz 

■" ■ >3k 



34 



34 


pV rms 

dc to 5MHz 




0.1 



0.1 


mV rms 

DC ACCURACY/STABILITY 
# Gain 


+ 25°C 

- 1.0 



- 1.0 



V/V 

y Gain Error 

i 

+ 25°C 


±0.05 

±0.1 


±0.05 

±0.1 

% 


2,3 

Full 






±0.15 

% 

y Gain Nonlinearity 

1 

+ 25°C 


±0.005 

±0.01 


±0.005 

±0.01 

% 


2,3 

Full 






±0.01 

% 

y Gain T emperature Coefficient 
y Input Offset 

2,3 

Full 


±0.5 

+ 5 


±0.5 

±5 

ppm FS/°C 

Temperature Coefficient 

2,3 

Full 


±3 

±15 


±3 

±15 

ppm FSR/°C 

TRACK (SAMPLE) MODE 










DYNAMICS 

Frequency Response 










(Vin = IV p-p; Pins 1 1 & 12 = “0”) 










y Small Signal (-3dB) 

4 

+ 25°C 

8 

16 


8 

16 


MHz 

Full Power ( - 3dB) 


+ 25°C 


8 



8 


MHz 

y Slew Rate (V, N =10V p-p; 

4 

+ 25°C 

220 

300 


220 

300 


V/ps 

Pins 11 & 12 = “0”) 

5,6 

Full 

180 

300 


180 

300 


V/ps 

# Harmonic Distortion 4 


+ 25°C 


80 



80 


dB 

TRACK (SAMPLE)-TO-HOLD 
DYNAMICS 
# Aperture Time 


+ 25°C 

4 

6 

8 

4 

6 

8 

ns 

Aperture Uncertainty (Jitter) 


+ 25°C 


50 



50 


ps, rms 

y Pedestal (Offset Step) 

4 

+ 25°C 


±2.5 

±20 


±2.5 

±20 

mV 

y Pedestal Temp. Coeff. 

# Pedestal Sensitivity 

5,6 

Full 






±8 

ppm FS/°C 

to + 5 V Supply Changes 

Switching Transient 


+ 25°C 


5 



5 


mV/V 

y Amplitude 

4 

+ 25°C 1 


180 

380 


180 

380 

mV p-p 


5,6 

Full 


180 

380 


180 

380 

mV p-p 

y Settling Time 










To 0.1% 

7 

+ 25°C 


40 

85 


40 

85 

ns 

To 0.1% 

8 

Full 


40 

85 


40 

85 

ns 

To 0.01% 

7 

+ 25°C 


60 

100 


60 

100 

ns 

To 0.01% 

8 

Full 


60 

100 


60 

100 

ns 

HOLD MODE DYNAMICS 
y Droop Rate 

4 

+ 25°C 


±0.5 

±5 


±0.5 

±5 

pV/ps 


5 

4- 125°C 






±1.8 

mV/ps 


6 

-55°C 






±5 

pV/ps 

y Feedthrough Rejection 

7 

+ 25°C 

64 

74 


64 

74 


dB 

(Vin = 20 V p-p@2.5MHz) 










HOLD (SAMPLE)-TO-TRACK 
DYNAMICS 

y Acquisition Time to 0.1% 

7 

+ 25°C 


100 

170 


100 

170 

ns 

(10V p-p Step) 

8 

Full 


100 

170 


100 

170 

ns 

y Acquisition Timeto0.01% 

7 

+ 25°C 


160 

200 


160 

200 

ns 

(10V p-p Step) 

8 

Full 


160 

200 


160 

200 

ns 

Acquisition Time to 0. 1% 


+ 25°C 


110 



110 


ns 

(20V p-p Step) 











ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 

±V S 

Vcc 

Storage Temperature . 
Junction Temperature . 
Junction Temperature 


Lead Soldering (lOsec) 
Digital Inputs .... 
Analog Input .... 


± 18V 

.... -0.5, +7V 

. -65°C to + 150°C 
. + 150°C (A & AM) 

+ 165°C (/883B units) 

+ 300°C 

. . . -0.5V to Vcc 
± 15V 


TRACK/HOLD FUNCTION 
TRUTH TABLE 


With logic levels shown at 

HOLD 

HOLD 

Operating Mode 

(Fin 11) 

(Fin 12) 

of HTC-0300A is 


0 

Track 


1 

Track 

1 

0 

Hold | 

1 

1 

Track 


PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

24 

+ 15V 

1 

ANALOG OUTPUT 

23 

POWER GROUND 

2 

N/A 

22 

-15V 

3 

N/A 

21 

GROUND 

4 

N/A 

20 

N/A 

5 

N/A 

19 

N/A 

6 

N/A 

18 

N/A 

7 

N/A 

17 

N/A 

8 

N/A 

16 

N/A 

9 

+ 5V 

15 

INPUT GROUND 

10 

LOGIC GROUND 

14 

N/A 

11 

HOLD COMMAND 

13 

ANALOG INPUT 

12 

HOLD COMMAND 
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HTC-0300A 







HTC-0300AM 



Parameter 1 ’ 2 (Conditions) 

Sub- 

Group 

Temp. 

HTC-0300A 
Min Typ 

Max 

ATD/883B AM/883B 2 

Min Typ Max 

Units 

Explanation of Subgroups 

POWER REQUIREMENTS 









Supply Voltages 
±V S 

V C c (Logic Supply) 


±25°C 
+ 25°C 

±14.25 ±15 
+ 4.75 +5.0 

±15.75 
+ 5.25 

±14.25 ±15 
+ 4.75 +5.0 

±15.75 
+ 5.25 

V 

V 

Subgroup 1 - Static tests at + 25°C. 

(10% PDA calculated against Subgroup 1 for high-rel versions) 
Subgroup 2 - Static tests at maximum rated temperature. 

Supply Currents ( V rN = 0V ; 








Subgroup 3 - Static tests at minimum rated temperature. 

Pins 11 & 12 = “0”) 








Subgroup 4 - Dynamic tests at + 25°C. 

/ ±V S 

1 

+ 25°C 

±21 

±25 

±21 

±25 

mA 

Subgroup 5 - Dynamic tests at maximum rated temperature. 


2,3 

Full 

+ 21 

+ 25 

+ 21 

+ 25 

mA 

Subgroup 6 - Dynamic tests at minimum rated temperature. 

/ V cc (Logic Supply) 

1 

+ 25°C 

+ 4 

+ 5 

+ 4 

+ 5 

mA 

Subgroup 7 - Functional tests at + 25°C. 


2,3 

Full 

+ 4 

+ 5 

+ 4 

+ 5 

mA 

Subgroup 8 - Functional tests at maximum and minimum 

J Power Dissipation 

1 

+ 25°C 

1 

775 

650 

775 

mW 

rated temperatures. 


2,3 

Full 

650 

775 

650 

775 

mW 

Subgroup 9 - Switching tests at + 25°C. 

J ± V s POWER SUPPLY 







Subgroup 10 - Switching tests at maximum rated temperatures. 
Subgroup 1 1 - Switching tests at minimum rated temperatures. 


REJECTION RATIO (PSSR) 

1 

+ 25°C 

±0.3 

±0.5 

±0.3 

±0.5 

mV/V 

Subgroup 12 - Periodically sample tested. 

(V,n= 10V;Pins 11 & 12 = “0”) 

2,3 

Full 


±0.5 

±0.3 

±0.5 

mV/V 

THERMAL RESISTANCE 









Case to Air,8 ca 5 



34 


34 


°C/W 


Junction to Case, 0 jc 



28 


28 


°c/w 


MEAN TIME BETWEEN 









FAILURES (MTBF) 6 





2.1 xlO 6 


Hours 


PACKAGE OPTIONS 7 


nnm 







DH-24B 


■ 


HTC-0300ATD/883B 



M-24A 


'V' -JV- 



HTC-0300AM 









HTC-0300AM/883B 




NOTES 

7100% tested (See Notes 1 and 2). 

#Specification guaranteed by design; not tested. 

'HTC-0300A parameters preceded by a check (/) are tested at +25°C ambient temperature; performance 
is guaranteed over the industrial temperature range ( - 25°C to + 85°C) case temperature. 

2 HTC-0300AM, ATD/883B, AM/883B parameters preceded by a check (/) are tested at -55°C case, 

+ 25°C ambient, and + 125°C case temperatures. 

3 Noise level increases with increasing duty cycle of Hold Command. Noise figures shown for Track mode are 
measured with input grounded and filters for frequencies shown on output. 

4 Vi N = 20V p-p, 200kHz sine wave; R L = lkfl; Mode Control = Track. 

s The relationship between the device package and outside environment (0 Cil ) varies with the application. Value 
shown is based on measuring case temperature with supply voltages applied to a device installed 
in a ZIF socket mounted on a standard “EJ” burn-in board. 

6 MTBF calculated for /883B unit using MIL-HNBK 217D; Ground Fixed; Temperature (Ambient) = +25°C. 

7 See Section 14 for package outline information. 

Specifications subject to change without notice. 


APPLICATIONS 

Track-and-hold (T/H) amplifiers can be used in a wide variety 
of ways, but the most common application for these units is to 
place them ahead of an A/D converter. The combination of a 
T/H and converter is used when the bandwidth of the signal to 
be digitized is wider than the converter can handle by itself, 
i.e., the analog input is changing more than one LSB during the 
converter’s conversion interval. 

In applications of this type, the HTC-0300A “freezes” the incoming 
signal on command to present a nonchanging signal at the input 
stage of the converter. 

The HTC-0300A T/H can reduce the aperture window to 100 
picoseconds when used with the appropriate A/D. It can also be 
used for peak-holding functions, simultaneous sampling A/Ds 
(when combined with analog multiplexers), and other high-speed 
analog signal processing applications. 

THEORY OF OPERATION 

When operated in the “track” mode, the HTC-0300A functions 
as an operational amplifier with a gain of - 1 , following all 
changes in the analog input signal as they occur. 

When a TTL-compatible digital logic “1” is applied to the Hold 
Command input of the T/H, the inverted analog output of the 
HTC-0300A is “held” at the value which was present at the 
time of the Hold Command, plus the aperture time. If the change 
from the “track” mode to the “hold” mode is accomplished via 


Pin 11, Hold Command input (Pin 12) must be connected to 
ground. 

For applications which require an inverted Hold Command, this 
“freezing” of the inverted analo g outp ut can be accomplished 
with a digital “0” applied to the Hold Command (Pin 12) input. 
In this case, a digital “1” establishes the “track” mode of operation. 
For these, the Hold Command input (Pin 11) must be connected 
to + 5V. 

Refer to Figure 1, the HTC-0300A Track/Hold Waveforms. 


APERTURE 

ERROR 



Figure 1. Track/Hold Waveforms - HTC-0300A 
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Two different intervals of time can affect the point on the analog 
input which is sampled when the T/H is switched from “track” 
to “hold”. There is no major difference in operation whether 
this c hange in state is accomplished via the Hold Command or 
Hold Command; the functioning of the HTC-0300A is essentially 
the same, with only a slight di fferen ce in timing because of an 
additional logic package in the Hold Command signal path. 

The delay interval, aperture time, is a constant and should not 
be regarded as an error source. The design of the HTC-0300A 
assures that aperture time is within its spec from unit to unit; 
and is also repeatable from one “hold” command to the next in 
any given unit. In this way, aperture time can be compensated 
with system timing to assure an optimum sampling point. 

Aperture uncertainty, or “jitter”, is the other interval affecting 
the held value. It is the result of noise signals which modulate 
the phase of the hold command and shows up as sample-to-sample 
variations in the value of the analog signal being “frozen.” 

As expected, the error resulting from jitter is directly related to 
the dV/dt of the analog input. If very-high-speed inputs are 
sampled, any given value of jitter will result in larger errors in 
the held value at the output as dV/dt increases. See Figure 2. 

The high feedthrough rejection of the HTC-0300A in the hold 
mode is an important characteristic; it precludes errors being 
introduced during the conversion interval of the digitizer. 





10V p 

-p INPUT SIGI\ 

AL 

J 

L 



/ 




/ j 




y 







50 500 5000 

INPUT ANALOG BANDWIDTH - kHz 


Figure 2. HTC-0300A Error Due to Aperture Uncertainty 

As shown in Figure 1, droop is the amount the output changes 
during the hold period; this is the result of loading on the internal 
hold capacitor. Low droop rates are important in T/H amplifiers 
to insure they are appropriate for high-resolution digitizing. 
Excessive droop rates can negate the effectiveness of having 
converters of 10 or 12 bits or more. Lower-order bits may be in 
error because of changes in the held value during the conversion 
cycle, especially for successive-approximation converters. 

The return to the “track” mode is accomplished by changing 
the digital logic level of the hold command; Figure 1 shows the 
hold command as it would appear at the (Pin 11) Hold Command 
input. 

Acquisition Time is the interval required for the analog output 
to re-establish accurate tracking of the changing input and remain 
within a specified error band around its final value. The greater 
the change in the input value during the hold period, the longer 
this interval is. Nyquist sampling is the most stringent 
application. 

Transients shown in Figure 1 are “spikes” which occur at the 
output of the T/H at the beginning and end of each “hold” 
period because of switching transients within the unit. When a 
T/H is used at the output of a D/A converter for “deglitching” 
discontinuities in the output of the converter, these transients 
occur at the update rate and can be filtered. 

SAMPLE-AND-HOLD (S/H) MODE 
Although it is generally used in the track-and-hold mode, the 
HTC-0300A can also be used as a sample-and-hold device. In 
the S/H mode, the output of the unit is usually in the “hold” 
mode, but is switched briefly to the “sample” (track) mode. 


The width of the the sample pulse applied to the Hold Command 
input (or, if using inverted logic, the Hold Command input) is 
determined by (1) the acquisition time of the HTC-0300A, and 
(2) the desired accuracy of the sampled output. Output accuracy 
will also be a function of the amount of change which has occurred 
since, the preceding sample. 

This latter phenonmenon is illustrated in Figure 3. Note the 
analog input has changed drastically between the first and second 
hold commands. There is a considerably smaller change between 
the third and fourth pulses; as a consequence, movement in the 
held value of the output is correspondingly smaller. 



Figure 3. Sample/Hold Operation 

Figure 4 illustrates settling accuracy versus acquisition time; 
closer accuracies require more time. The relationship approaches 
an asymptotic curve and is not a linear function. 

The HTC-0300A is a “closed loop” T/H and is suitable for most 
applications requiring a track-and-hold for update rates up to 
5-10MHz. (Note: 5MHz conversion rates are only a guide and 
are based on system acquisition time, not logic speed. Higher 
rates are possible with trade-offs in acquisition time.) 



TIME- ns 

Figure 4. Settling Accuracy vs. Acquisition Time 

For optimum performance, the HTC-0300A must have external 
bypass capacitors connected to the power supply pins close to 
the device. Electrolytic capacitors of 10 - 22jxF and ceramic 
capacitors of 0.01 - 0. l|xF on each supply will enhance performance 
of the unit. 

Output loading has some restrictions. To avoid oscillations, 
limit capacitive loads to 250pF; the recommended resistive 
loading is 500(1. Acquisition and settling times are relatively 
unaffected by capacitive loads up to 50pF and resistive loads 
down to 250fl. 

A massive ground plane, careful component layout, and physically 
separating digital and analog signals as much as possible are also 
among the multitude of items which can affect the operation of 
circuits that include the HTC-0300A T/H. 

Cross coupling of analog and digital signals is often a major 
problem at high frequencies. Relatively low levels of ground 
plane noise can “mask” lower-order bits when the HTC-0300A 
is used in high-resolution digitizing. The user must exercise 
care in electrical and mechanical design to assure satisfactory 
performance. 
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□ ANALOG 
DEVICES 


Ultrahigh-Speed Hybrid 
Track-and-Hoid Amplifiers 


HTS-0010 


FEATURES 


HTS-0010 FUNCTIONAL BLOCK DIAGRAM 


Aperture Jitter of 2ps rms 
Acquisition Time 10ns 
Output Current ±40mA 
Slew Rate 300V/ps 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Instrumentation Systems 
Medical Electronics 



AUXILIARY 

HOLD 


ANALOG 

OUTPUT 


ANALOG 

GROUND 

ANALOG 

GROUND 


GENERAL DESCRIPTION 

The Analog Devices HTS-0010 Track-and-Hold is another 
example of Analog’s continuing efforts to advance the state of 
the art in high-speed circuits. 

The HTS-0010 adds breadth to a line of devices which offers 
designers the industry’s widest range of track-and-hold and 
sample-and-hold units. 

Its pinouts are similar to its predecessor HTS-0025 Track-and- 
Hold, but it provides enchanced performance in many of the 
characteristics established by that device. Two pins which are 
unused on the HTS-0025 are used on the HTS-0010, but with 
those exceptions, the two devices have identical pin assignments. 
This plug-in compatibility gives designers remarkable flexibility 


in selecting those parameters which are optimum for their 
applications. 

The HTS-0010 Track-and-Hold (T/H) uses many of the proven 
design concepts which have made the HTS-0025 T/H the standard 
of comparison for high-speed circuits of this type. A dc-coupled 
Schottky diode bridge is driven by a high impedance buffer 
amplifier and followed by a low impedance output amplifier to 
achieve the best possible combination of speed and drive 
capabilities. 

All models of the HTS-0010 are housed in a standard 24-pin 
metal DIP. The unit operating over a temperature range of 0 to 
+ 70°C is HTS-0010KD; the unit for a range of - 55°C to + 100°C 
is HTS-0010SD. 
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(typical @ +25°C and nominal power supplies unless othemise noted) 


Parameter 

Units 

HTS-00I0KD 

HTS-0010SD 

ANALOG INPUT 




Voltage Range 




For Rated Performance 

Vp-p 

2 

★ 

Maximum Without Damage 

V 

±3 

* 

Impedance 

a 

10 5 

★ 

Capacitance 

pF (max) 

7 

★ 

Bias Current 

jjlA (max) 

20 

★ 

DIGITAL INPUT (ECL Compatible) 




Mode Control 




Hold Command Input 




“0” = Track 

V 

00 

1 

0 

1 

★ 

“1” - Hold 

V 

-0.8 to - 1.1 

★ 

ANALOG OUTPUT 




Current (Not Short Circuit Protected) 

mA (max) 

±40 

★ 

Impedance 

a (max) 

9(12) 

★ 

Noise in Track Mode 




@ 5.0MHz Bandwidth 

|xV rms (max) 

20(40) 

★ 

DC ACCURACY/STABILITY (FS - Full Scale) 




Gain (No Load) 1 

V/V (min) 

0.96(0.93) 

★ 

Gain Nonlinearity; 2V FS Input 

% (max) 

0.1 

★ 

Gain Nonlinearity; 1 V FS Input 

% (max) 

0.01 

★ 

Gain Temperature Coefficient 

ppm/°C (max) 

30(40) 

30(50) 

Initial Offset Voltage 

mV (max) 

±2(±5) 

★ 

Offset vs. Temperature 

|xV/°C (max) 

125(175) 

★ 

TRACK (SAMPLE) MODE DYNAMICS 




Frequency Response 




Full Power Bandwidth 

MHz (min) 

40 

★ 

Small Signal ( — 3dB) Bandwidth 

MHz (min) 

60 

★ 

Slew Rate 

V/(jls (min) 

300(250) 

★ 

Harmonic Distortion (Track Mode; 




4MHz, 2V p-p Input) 




R l = lkH 

dB (max) 

-68 

★ 

r l = 500a 

dB (max) 

-65 

★ 

r l = 200a 

dB (max) 

-64 

★ 

R l = 75a 

dB (max) 

-50 

★ 

TRACK (SAMPLE)-TO-HOLD SWITCHING 




Effective Aperture Delay Time 2 

ns (max) 

— 2(±1) 

* 

Aperture Uncertainty (Jitter) 

ps (rms max) 

2 

* 

Offset Step (Pedestal) 

mV (max) 

±2(± 10) 

★ 

Sensitivity to Temperature 

fxV/°C (max) 

50 

250 3 

Sensitivity to —5.2V 

mV/V (max) 

10 

★ 

Switch Delay Time 

ns 

1.5 

★ 

Switching T ransient 




Amplitude 

mV (max) 

±15(30) 

* 

Settling to ± 5mV 

ns (max) 

5(14) 

★ 

HOLD MODE DYNAMICS 




Droop Rate (@ +25°C) 

mV/fxs (max) 

0.1 

★ 

Droop Rate (@ Temperature Extremes) 

mV/p,s (max) 

3.0 

★ 

Feedthrough Rejection 




(2 V p-p Input) 



* 

@ 1MHz 

dB (min) 

62 

•k 

@ 10MHz 

dB (min) 

52 

★ 

HOLD-TO-TRACK (SAMPLE) DYNAMICS 4 




Acquisition Time (IV Step) 




to ± 1% 

ns (max) 

10(16) 

★ 

to ±0.1% 

ns (max) 

14(19) 

* 

Acquisition Time (2 V Step) 




to ± 1% 

ns (max) 

13(16) 

★ 

to ±0.1% 

ns (max) 

16(22) 

* 

Switch Delay Time 

ns 

1.5 

★ 
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HTS-0010 


Parameter 

Units 

HTS-0010KD 

HTS-0OI0SD 

POWER REQUIREMENTS 




V + (+ 15V ± 0.5V) 

mA (max) 

36 

★ 

V-(- 15V ± 0.5V) 

mA (max) 

48 

★ 

V cc +( + 5.0V ±0.25) 

mA (max) 

22 

★ 

Vcc-(-5.0V±0.25) 5 

mA (max) 

25 

★ 

V ee (-5.2V±0.25) 5 

mA (max) 

45 

★ 

Power Dissipation 

W (max) 

1.73 

★ 

Power Supply Rejection Ratio 6 

mV/V (max) 

10 

* 

(dc to 10kHz) 




TEMPERATURE RANGE 




Operating (Case) 

°C 

0 to + 70 

-55 to +100 

Storage 

°C 

-55 to + 125 

★ 

THERMAL RESISTANCE 7 




Junction to Air, 0 JA (Free Air) 

°c/w 

42 

★ 

Junction to Case, 0j C 

°c/w 

12 

★ 

MTBF 8 




Mean Time Between Failures 

Hours 


6.83 x 10 5 

PACKAGE OPTION 9 




M-24A 


HTS-0010KD 

HTS-0010SD 


For applications assistance, call (919) 668-9511 . 


NOTES 


‘Gain 


R t x 0.96 
R l + 9 


PIN DESIGNATIONS 



Effective Aperture Delay Time is delay between 
Hold strobe and held value of analog output, 
referenced to analog input (see text). 

3 PedestaI temperature variation on HTS-0010SD 
is same as HTS-0010KD below + 70°C, but increases 
between 4 - 70°C and + 100°C. 

4 For acquisition time measurements, R l = 200n;C L = 3pF. 

5 V C x " may be tied to V EE with adequate bypass capacitors 
(see text). 

Variations in V - ( - 1 5 V) have greater effect on 
unit performance than variations in other supplies; 

PSRR shown is for V - . 

7 Maximum junction temperature is + 150°C. 

Calculated using MIL-HNBK 217; Ground; Fixed; + 70°C case temperature. 

9 See Section 14 for package outline information. 

^Specifications same as HTS-0010KD. 

Specifications subject to change without notice. 


PIN 

FUNCTION 

1 

V cc +( + 5V) 

2 

V cc -(-5V) 

3 

V- ( — 15V) 

4 

V ee (-5.2V) 

5 

HOLD COMMAND 

6 

DIGITALGROUND 

7 

POWER GROUND 

8 

V+ ( + 15 V) 

9 

V C c+( + 5V) 

10 

V cc -(-5V) 

11 

POWER GROUND 

12 

V- ( — 15V) 

13 

ANALOG INPUT 

14 

N/A 

15 

N/A 

16 

N/A 

17 

N/A 

18 

ANALOG GROUND 

19 

ANALOG GROUND 

20 

AUXILIARY HOLD 

21 

POWER GROUND 

22 

V + ( + 15 V) 

23 

N/A 

24 

ANALOG OUTPUT 


POWER GROUND (PINS 7, 11 AND 
21), ANALOG GROUND (PINS 18 
AND 19), AND DIGITAL GROUND 
(PIN 6) MUST BE CONNECTED TO- 
GETHER AND TO A LOW-IMPED- 
ANCE GROUND FOR PROPER OP- 
ERATION. MAKE CONNECTIONS 
AS CLOSE TO DEVICE AS POSSIBLE. 
HYBRID CASE IS CONNECTED TO 
ANALOG GROUND INTERNALLY. 
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Applications 

One of the main uses for track-and-hold (T/H) units is ahead of 
analog-to-digital (A/D) converters to allow digitizing signals with 
bandwidths higher than the A/D can handle by itself. The use 
of an appropriate T/H allows the converter to become a true 
“Nyquist converter”, i.e., capable of digitizing analog signals 
whose maximum bandwidth is one-half the encoding rate. 

The characteristics of the HTS-0010 T/H make it useful in 
multiple other applications beside this “standard” use of devices 
of this kind. It can be used in sample and hold circuits, peak 
holding applications, simultaneous sampling A/Ds (with appro- 
priate analog multiplexing), and for many other data processing 
needs. 

Refer to Figure 1, HTS-0010 Interconnection Diagram. 



Bypass capacitors are used internally on all power supply leads 
on the HTS-0010 track-and-hold. External bypassing of all 
power supplies with 0.01 jjlF-0.1(xF ceramics will help perform- 
ance. In addition, electrolytic capacitors of 10-22 microfarads on 
each supply will also enhance the HTS-OOlO’s operation 

A massive ground plane, careful component layout, and physically 
separating analog and digital signals are among the other consid- 
erations which can have major effects in improving the high-speed 
characteristics of the HTS-0010 track-and-hold. 

As shown in Figure 1, supply voltages must be applied to all 
pins for which they are designated. In addition, it is extremely 
important to connect all grounds together, and to a solid, low- 
impedance ground plane. These connections must be made as 
close to the hybrid as physically possible. 

Five different voltages are shown for powering the HTS-0010. 
These are the voltages which are used in final test and calibration 
and are the recommended voltages for best performance, but 
minor variations from these recommendations are possible. 

For best performance, the amplifier supplies, Vcc - and Vcc + 
should be equal and opposite, as shown. If desired, the ECL 
logic supply (V E e = -5.2V) can be used also for Vcc - > to 
eliminate the need for a separate power supply voltage. If it is, 
bypass capacitors should be used at each supply pin to decrease 
the possibility of logic switching noise introducing extraneous 
signals. 

TRACK-AND-HOLD MODE 

When operated in the “track” mode, the HTS-0010 T/H functions 
as a buffer amplifier, following all changes in analog input as 
they occur. The user selects the point at which digitizing is to 


be done by applying an external ECL-compatible HOLD 
COMMAND to Pin 5. 

Refer to Figure 2, Track/Hold Waveforms. 



Figure 2. Track/Hold Waveforms 

A varying, ideal analog input is shown at the top of Figure 2 for 
purposes of illustrating the response of the HTS-0010 to various 
types of inputs. This method of presentation helps show some 
of the critical, and often misleading, parameters of high-speed 
track-and-hold devices. 

During the track mode, the unit operates as a high-speed buffer 
amplifier, with the output following input changes as they occur. 
In this mode, the response of the HTS-0010 is limited primarily 
by the slew rate characteristics of the device. As a result, the 
analog output is a faithful reproduction of the input as long as 
the highest frequency component of the input signal does not 
exceed the bandwidth of the unit. 

The analog output shown on the bottom of Figure 2 tracks the 
input until a HOLD COMMAND is applied to Pin 5. When 
this pulse arrives, the sample bridge of the HTS-0010 disconnects 
the hold capacitor from the input. The short, but finite, interval 
required for this action is called aperture time. 

Two other delay intervals combine with aperture time. One is 
delay in the hold command caused by propagation delay in the 
bridge driver; for purposes of discussion, this is a digital delay 
(t d ) because it is the time required for logic switching to occur. 
The other is propagation delay through the input buffer amplifier, 
which is an analog delay (t a ) because it affects the analog input 
signal being applied to the hold capacitor (see HTS-0010 Block Dia- 
gram). 

Each of these three components is critical in the design of track-and- 
hold circuits, but the user needs to be concerned only with their 
combined overall effect. The combination is specified here as 
Effective Aperture Delay Time and is defined as the interval 
between the leading edge of the hold command and that instant 
when the input signal is equal to the held value. 

Basically, effective aperture delay time is a measure of the dif- 
ference between the analog and digital delay (t d -t a ) and can 
assume a zero, positive, or negative value depending upon the 
comparative lengths of the two delays. In the HTS-0010, the 
analog delay (t a ) is greater than the switching delay (t d ), and 
causes the unit to hold an input voltage which occurred before 
the hold command because the hold capacitor sees a delayed 
version of the input signal. 

The specification for Effective Aperture Delay Time is a more 
useful measurement for assessing T/H performance than is the 
measurement of only aperture time because it includes all three 
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HTS-0010 


of the components which have an effect on how quickly the 
device can make the change from the track mode to the hold 
mode. 


The time intervals discussed above help explain what happens 
when the HTS-0010 makes the change from the track mode to 
the hold mode. In normal operation, however, they become 
academic discussions since most users of the T/H are more 
interested in when the held value has reached its steady state. 

Aperture uncertainty or “jitter,” is the result of noise signals of 
various kinds which modulate the phase of the hold command. 
This jitter shows up as a sample-to-sample variation in the value 
of the analog signal which is being “frozen.” 

Aperture uncertainty manifests itself as an aperture error, as 
shown in Figure 2. The amplitude of the error is related to the 
dV/dt of the analog input. For any given value of aperture 
uncertainty, aperture error will increase as the input dV/dt 
increases. 

The design characteristics of the HTS-0010 insure that effective 
aperture delay time is within its specification from unit to unit; 
and is also repeatable from one “hold” command to the next 
within any unit. Therefore, it should not be regarded as an 
error source the way aperture uncertainty is. Effective aperture 
delay time can be compensated with system timing which correctly 
establishes the beginning of the hold period. 

Referring again to Figure 2, a switching transient appears in the 
analog output as a result of this transition from “track” to “hold.” 
The Specifications table includes the maximum amplitude and 
duration of this transient; and also includes information on the 
switch delay time which precedes it. The held output is settled 
to within lmV 6- 15ns after the leading edge of the hold signal. 

Feedthrough rejection is a measure of the amount of leakage 
from input to output during the hold interval after the HTS-0010 
has settled to its specified accuracy. High feedthrough rejection 
is important because it assures no errors will be introduced 
during the conversion interval of the converter used at the output 
of the T/H. 


In the illustration, Vft is the small amount of “ripple” voltage 
on the held value of analog output. The ratio of output feedthrough 
to input signal is measured in dB and is equal to: 


20 log 


V ft P'P 
V IN p-p_ 


As shown, droop is that amount of change in the analog output 
which occurs during the hold interval. Improving (lessening) the 
droop rate can be accomplished by adding capacitance in parallel 
with the internal hold capacitor, but at the expense of slowing 
down the T/H and its ability to handle high-speed signals. 

Applications which require longer hold times than the standard 
HTS-0010 provides may require external capacitance in parallel 
with the internal hold capacitor. For these, the user can parallel 
extra capacitance by connecting it between pin 20 and ground. 
The droop rate will be improved, but the overall speed and 
bandwidth of the T/H will be reduced. This extra connection 
should be made close to the hybrid case or it may introduce 
small amounts of electrical noise. 


Switch delay time shown in Figure 2 is the interval between the 
end of the hold command and the start of movement in the 
analog output as it begins to retrack the analog input. This 
delay occurs at both the beginning and the end of the hold 


interval and is primarily the result of propagation delay through 
the output buffer amplifier. 

Acquisition time is the time required for the output of the T/H 
to reacquire and begin tracking accurately the analog input after 
the T/H has returned to the “track” mode. The acquisition time 
“clock” starts when the output begins moving and stops when 
the output has settled to its specified accuracy. As might be 
expected, longer acquisition times are required for larger signals 
and/or greater accuracy. 

High slew rates are also important during acquisition time, but 
the desire for speed must be tempered with practical consider- 
ations. If the design of the unit achieves only speed without 
regard for overshoot, the acquisition time will be lengthened. 
Excessive “ringing” around the signal being acquired precludes 
applying successive hold commands at MHz update rates. 

SAMPLE-AND-HOLD (S/H) MODE 

Although generally used in the track-and-hold mode, the HTS- 
0010 can also be used as a sample-and-hold device for applications 
where this capability is needed. 

The operation of the unit is essentially a “mirror” of the T/H 
operation, in that the output is usually in the “hold” mode but 
is switched to the “sample” (track) mode for brief intervals. 

The width of the sample pulse which is used will be based on 
factors which are different for each application. Basically, the 
user establishes the width of this pulse by taking into account: 

1. The acquisition time of the HTS-0010. 

2. The desired accuracy of the sampled output. 

3. The maximum amount of change which has occurred since 
the preceding sample. 

This latter phenomenon is illustrated in Figure 3 Sample/Hold 
Operation. 



Figure 3. Sample/Hold Operation 

When operating as a S/H, the signal applied to the HOLD 
COMMAND input (Pin 5) is usually a digital logic “1” which 
holds the HTS-0010 output at the input value present at the 
time of the sample/hold pulse. 

Figure 3 shows asynchronous pulses applied to cause the output 
to reslew to new values. The trailing edge establishes the sample 
(track) mode; the leading edge returns the output to “hold”. 

In Figure 3, the analog input applied to the unit has changed 
drastically between the first and second sample (track) pulses. 
Smaller differences in the input values are present at the times 
of the second and third pulses. These differences in input show 
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up as differences in the amount of movement of the analog 
output. 

The exceptional acquisition time of the HTS-0010 makes it 
extremely attractive for sample-hold applications because of its 
ability to acquire new output values quickly. This characteristic 
of the device allows the use of a narrow sample pulse and an 
inherently faster sample rate, limited only by the factors enum- 
erated earlier. 

Refer to Figure 4 Settling Accuracy vs. Acquisition Time. 



0 b 10 15 20 25 

TIME - ns 


Figure 4. Settling Accuracy vs. Acquisition Time 

This graph illustrates that closer accuracies require correspond- 
ingly longer amounts of time to acquire the signal. As shown, 
the accuracy/time relationship approaches an asymptotic curve, 
as opposed to being a linear function. 

Another point to consider in Figure 4 is the output change 
which is illustrated is for a IV change. If the output is required 
to change less than one volt (as it is between the second and 
third pulses in Figure 3, for example), the amount of time required 
to acquire the new value will be less than that which is shown. 

When using the HTS-0010 or any other high-speed track-and-hold 
in the real world of data acquisition for fast-changing signals, 
the line between the device operating as a T/H or a S/H tends 
to “blur.” 

The designer using it as a T/H ahead of an A/D converter will 
generally vary the amount of “hold” time to obtain optimum 
operation for his particular application. When that performance 
is achieved, the HTS-0010 may, in the strictest sense of the 


word, be operating as a sample-and-hold. But it is useful to 
regard the two modes of operation separately when discussing 
the theory of operation of the unit. 

DIFFERENCES: HTS-0010 VS. HTS-0025 

As noted earlier, pin designations for the HTS-0010 T/H are 
similar to the predecessor HTS-0025 T/H. Two pins not used 
on the HTS-0025 are used for HTS-0010 functions, and attempts 
to use it as a “drop-in” replacement for the HTS-0025 need to 
take this into account. 

Pins 20 and 21 on the HTS-0010 are used for auxiliary hold and 
power ground, respectively. These pins are not used on the 
HTS-0025 because that unit does not have a capability for accepting 
external capacitance in parallel with the hold capacitor; nor does 
it have as many ground connections. If circuits using the HTS-0025 
are using those pin locations as tie points, it may preclude the 
possibility of substituting a model HTS-0010 unit in the circuit. 

Current drive on the HTS-0010 is slightly less than it is on the 
HTS-0025 (±40mA vs. ±50mA) but 3dB bandwidth is higher 
(60MHz vs. 30MHz). 

The user of the HTS-0010 can reasonably expect higher speeds 
because of improvements in aperture uncertainty (5ps rms vs. 
20ps rms); switching transient amplitude (15mV vs. 30m V); and 
acquisition time (10ns vs. 20ns for 1% settling). Noise levels in 
the track mode are also improved (40|ulV vs. 0.1m V maximum). 

Voltage supplies for the internal amplifiers (Vcc+ and Vcc - ) 
have a wider range on the HTS-0025 than they do on the HTS-0010 
but Vcc - can be connected to V E e if desired, as explained 
elsewhere in the data sheet. 

ORDERING INFORMATION 

All versions of the HTS-0010 track/hold are housed in 24-pin 
metal dual in-line hybrid packages. For commercial applications 
operating over a temperature range of 0 to + 70°C, specify model 
HTS-0010KD. For a temperature range of - 55°C to 4- 100°C, 
specify model HTS-0010SD. A temperature range of — 55°C to 
+ 100°C and processing to MIL-STD-883, Method 5008, are 
available in the model HTS-0010SD/883. 

Mating individual pin sockets are available from AMP. Knockout 
end type are part number 6-330808-0; open end type are 
6-330808-3. 
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□ ANALOG 
DEVICES 


llltrahigh Speed Hybrid 
Track-and-Hold Amplifier 


HTS-0025 


FEATURES 

Aperture Jitter of lOps 
Acquisition Time 25ns 
Output Current ± 50mA 
Slew Rate 250V/p.s 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Instrumentation Systems 
Medical Electronics 
High Resolution Displays 


HTS-0025 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The Analog Devices HTS-0025 Track-and-Hold is another in 
Analog’s range of track-and-hold (T/H) amplifiers useable in a 
variety of high-speed circuits. The HTS-0025 is part of a line of 
devices which offers designers the industry’s widest range of 
track-and-hold and sample-and-hold units. 

Design concepts used in the HTS-0025 T/H have made it the 
standard of comparison for high-speed circuits of this type. A 
dc-coupled Schottky diode bridge is driven by a high-impedance 
buffer amplifier and followed by a low impedance output amplifier. 
This achieves the best possible combination of speed and drive 
capabilities. 


The pinouts of the HTS-0025 are similar to the HTS-0010 
Track-and-Hold, so designers can select either the HTS-0025 or 
HTS-0010 for their particular applications. This kind of flexibility 
makes it possible to choose those parameters which are optimum 
for each application. 

All models of the HTS-0025 are housed in a standard 24-pin 
metal DIP. The unit operating over a temperature range of 0 to 
+ 70°C is HTS-0025; the unit for a range of -55°C to + 100°C 
is HTS-0025M. 
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SPECIFICATIONS (typical 


@ + 25°C and nominal power supplies unless otherwise noted) 


Parameter 

Units 

HTS-0025 

HTS-0025M 

ANALOGINPUT 




Voltage Range 




For Rated Performance 

Vp-p 

2 

★ 

Maximum Without Damage 

V 

±4 

* 

Impedance 

ft 

10 10 

* 

Capacitance 

pF max 

7 

★ 

Bias Current 

nAmax 

15 

★ 

DIGITAL INPUT (ECL Compatible) 




Mode Control 




Hold Command Input 




“0” = Track 

V 

— 1.5 to - 1.8 

* 

“1” = Hold 1 

V 

— 0.8 to — 1.1 

* 

ANALOG OUTPUT 




Current (Not Short Circuit Protected) 

mA max 

±50 

★ 

Impedance 

ft(max) 

3(10) 

* 

Noise in Track Mode 




@ 5.0MHz Bandwidth 

mV rms max 

0.1 

* 

DC ACCURACY/STABILITY (FS = Full Scale) 




Gain (No Load) 

V/V (min) 

0.97(0.92) 

* 

Gain Nonlinearity; 2V FS Input 

% max 

0.1 

* 

Gain Nonlinearity; IV FS Input 

% max 

0.01 

* 

Gain Temperature Coefficient 

ppm/°C (max) 

30(40) 

* 

Output Offset Voltage 

mV (max) 

±5 (±20) 

* 

(Track Mode) 




vs. Temperature 

(xVrC (max) 

1UU(150) 

200(300) 

TRACK (SAMPLE) MODE DYNAMICS 




Frequency Response 




Full Power Bandwidth 

MHz min 

20 

15 

Small Signal ( - 3dB) Bandwidth 

MHz min 

30 

20 

Slew Rate 

V/p.s (min) 

250(140) 

250(120) 

Harmonic Distortion (Track Mode; 




4MHz,2Vp-p Input) 




R l = lkft 

dBmax 

-68 

* 

R l = 500H 

dB max 

-65 

★ 

R l = 2000 

dBmax 

-64 

* 

R l = 750 

dBmax 

-50 

★ 

TRACK (SAMPLE>TO-HOLD SWITCHING 




Effective Aperture Delay Time 2 

ns 

5 

★ 

Aperture Uncertainty (Jitter) 

ps (rms) max 

10 

★ 

Offset Step (Pedestal) 

mV (max) 

±5 (±20) 

★ 

Sensitivity to Temperature 

(xV/°Cmax 

100 

150 

Sensitivity to - 5.2V 

mV/V max 

30 

* 

Switch Delay Time 

ns 

5 

* 

Switching T ransient 




Amplitude 

mV (max) 

25(35) 

* 

Settling to 5mV 

ns (max) 

20(30) 

★ 

HOLD MODE DYNAMICS 




Droop Rate 

mV/|xs (max) 

0(0.8) 

* 

Variation with Temperature 


Doubles/ 1 0°C Change 


Feedthrough Rejection 




(2V p-p Input) 




@ 1MHz 

dB min 

70 

* 

@ 10MHz 

dB min 

65 

★ 

HOLD-TO-TRACK (SAMPLE) DYNAMICS 3 




Acquisition Time (IV Step) 




to ± 1% 

ns (max) 

20(30) 

20(40) 

to ±0.1% 

ns (max) 

25(35) 

25(40) 

Acquisition Time (2V Step) 




to ± 1% 

ns (max) 

25(35) 

25(40) 

to ±0.1% 

ns (max) 

30(40) 

30(45) 

Switch Delay Time 

ns 

1.5 

★ 

POWER REQUIREMENTS 




V+ (+ 15V ± 0.5V) 

mA max 

45 

* 

V - ( - 15V ±0.5V) 

mA max 

45 

* 

Vcc+( + 5.0Vto + 15.5V) 4 

mA max 

15 

★ 

Vcc- (~ 5.0V to -15.5V) 4 

mA max 

15 

★ 

Vee( _ 5.2V ±0.25) 4 

mA max 

40 

* 

Power Dissipation 5 

Wmax 

2.3 

* 

Power Supply Rejection Ratio 6 

mV/V max 

18 

* 

(dc to 10kHz) 




TEMPERATURE RANGE 




Operating (Case) 

°C 

0 to + 70 

-55to + 100 

Storage 

°C 

-55to + 125 

* 

THERMAL RESISTANCE 7 




Junction to Air, Oja (Free Air) 

°C/W 

42 

* 

Junction to Case, Ojc 

°c/w 

12 

* 

MTBF 8 




Mean Time Between Failures 

Hours 


3.45 x 10 5 

PACKAGE OPTION 9 




M-24A 


HTS-0025 

HTS-0025 M 


POWER SEQUENCE FOR HTS-0025 T/H 

1. V C c+ and Vcc - must be applied simultane- 
ously with, or ahead of, V+ and V— 15-volt 
supplies. 

2. If V C c + andVcc - are present, either V + or 
V - can be applied first. 

3. Output goes to Vcc+ if V+ is applied first in 
presence of Vcc + and V C c - • 

4. Output goes to Vcc - if V- is applied first in 
presence of Vcc + and Vcc - • 

5. Recommended procedure is to use a single 
switch between source of ac power and all power 
supplies connected to HTS-0025 T/H. Opera- 
tion of that switch then applies all dc supplies to 
T/H, which is a preferred way to power up unit. 


NOTES 

’OneECL 10k Gate, no resistor; requires lkftto - 5.2V 

Effective Aperture Delay Time is delay between 
Hold strobe and held value of analog output, 
referenced to analog input (see text). 

J For acquisition time measurements, R l = 2000; Cl = 13pF. 

4 V C c + may be tied to V + ; V C c ~ may be tied to V - 
or V E e with adequate bypass capacitors (see text). 

5 Maximum power shown based on Vcc + = V + ; Vcc - = V - . 
Power is reduced to 2.0W maximum with Vcc + = +5V 
andVcc- = -5V. 

6 V ariations in V - ( - 1 5 V) have greater effect on unit 
performance than variations in other supplies; PSRR 
shownisforV-. 

’Maximum junction temperature is + 150°C. 

Calculated using MIL-HNBK 217. 

9 See Section 14 for package outline information. 

^Specifications same as HTS-0025 . 

Specifications subject to change without notice. 


For applications assistance, call (919) 668-95 1 1 . 
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PIN DESIGNATIONS 


PIN 

FUNCTION 

1 

Vrc + ( + 5V TO + 15.5V) 

2 

V KC - (-5VTO -15.5V) 

3 

V- (-15V) 

4 

Vee(“ 5.2V) 

5 

HOLD COMMAND 

6 

DIGITAL GROUND 

7 

POWER GROUND 

8 

V+ ( + 15V) 

9 

V cc + ( + 5VTO + 15.5 V) 

10 

V cc - (-5V TO -15.5V) 

11 

POWER GROUND 

12 

V- ( — 15V) 

13 

ANALOG INPUT 

14 

N/A 

15 

N/A 

16 

N/A 

17 

N/A 

18 

ANALOG GROUND 

19 

ANALOG GROUND 

20 

N/A 

21 

1 N/A 

22 

V-H + 15V) 

23 

N/A 

24 

ANALOG OUTPUT 


POWER GROUND (PINS 7 AND 11), 
ANALOG GROUND (PINS 18 AND 
19), AND DIGITAL GROUND (PIN 6) 
MUST BE CONNECTED TOGETHER 
AND TO A LOW-IMPEDANCE 
GROUND FOR PROPER OPERATION. 
MAKE CONNECTIONS AS CLOSE 
TO DEVICE AS POSSIBLE. HYBRID 
CASE IS CONNECTED TO ANALOG 
GROUND INTERNALLY. 


Applications 



One of the main uses for Track-and-Hold (T/H) units is ahead 
of analog-to-digital (A/D) converters to allow digitizing signals 
with bandwidths higher than the A/D can handle by itself. The 
use of an appropriate T/H allows the converter to become a true 
“Nyquist converter”, i.e., capable of digitizing analog signals 
whose maximum bandwidth is one-half the encoding rate. 

The characteristics of the HTS-0025 T/H make it useful in 
multiple other applications besides this “standard” use of devices 
of this kind. It can be used in sample and hold circuits, peak 
holding applications, simultaneous sampling A/Ds (with appro- 
priate analog multiplexing), and for many other data processing 
needs. 

Refer to Figure 1, HTS-0025 Interconnection Diagram. 



Figure 1. HTS-0025 Interconnection Diagram 


Bypass capacitors are used internally on all power supply leads 
on the HTS-0025 Track-and-Hold. External bypassing of all 
power supplies with 0.01|xF-0.1|xF ceramics will help perform- 
ance. In addition, electrolytic capacitors of 10-22 microfarads on 
each supply will also enhance the HTS-0025’s operation. 

A massive ground plane, careful component layout, and physically 
separating analog and digital signals are among the other consid- 
erations which can have major effects in improving the high-speed 
characteristics of the HTS-0025 Track-and-Hold. 

As shown, supply voltages must be applied to all pins for which 
they are designated; it is extremely important to connect all 
grounds together, and to a solid, low-impedance ground plane 
as close to the hybrid as physically possible. 

The five different voltages shown are the voltages used in final 
test and calibration, and are the recommended voltages for best 
performance; minor variations are possible. 

For best performance, amplifier supplies, V C c - and Vcc + 
should be equal and opposite. The ECL logic supply (V EE = 
-5.2V) can be used also for Vcc - > if it is* bypass capacitors 
should be used at each supply pin to decrease the possibility of 
logic switching noise introducing extraneous signals. 

TRACK-AND-HOLD MODE 

When operated in the “track” mode, the HTS-0025 T/H functions 
as a buffer amplifier, following all changes in analog input as 
they occur. The user selects the point at which digitizing is to 
be done by applying an external ECL-compatible HOLD 
COMMAND to Pin 5. 

Refer to Figure 2, Track/Hold Waveforms. 
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Figure 2. Track/Hold Waveforms 

A varying, ideal analog input is shown at the top of Figure 2 for 
purposes of illustrating the response of the HTS-0025 to various 
types of inputs. This method of presentation shows many of the 
critical, and sometimes confusing, parameters of high-speed 
track-and-hold devices. 

In the track mode, the response of the HTS-0025 is limited 
primarily by the slew rate characteristics of the device. As a 
result, the analog output is a faithful reproduction of the input 
as long as the highest frequency component of the input signal 
does not exceed the bandwidth of the unit. 

The analog output shown on the bottom of Figure 2 tracks the 
input until a HOLD COMMAND is applied to Pin 5. When 
this pulse arrives, the sample bridge of the HTS-0025 disconnects 
the hold capacitor from the input. The short, but finite, interval 
required for this action is called aperture time (t^. 

Other delay intervals combine with aperture time. One is delay 


in the hold command caused by propagation delay in the bridge 
driver; for purposes of discussion, this is a digital delay because 
it is the time required for logic switching to occur. Another is 
propagation delay through the input buffer amplifier, which is 
an analog delay because it affects the analog input signal being 
applied to the hold capacitor (see HTS-0025 Block Diagram). 

Each of these three components is critical in the design of track-and- 
hold circuits, but user concern is limited only to their combined 
effect. The combination is specified here as Effective Aperture 
Delay Time and is defined as the interval between the leading 
edge of the hold command and that instant when the input 
signal is equal to the held value. 

Additional details on the timing intervals in T/H circuits are 
shown in Figure 3. 

The model T/H shown at the top of Figure 3 contains the basic 
elements of the HTS-0025, shown in their simplest form. The 
lower portion of the figure calls out multiple intervals of incre- 
mental time involved in switching from “track” to “hold” but 
no attempt is made to assign numerical values to them. Their 
definitions are intended solely to help understand the theory of 
T/H operation. 

Effective aperture delay time (te) is digital delay plus averaging 
of the switch delay, minus analog delay. Depending on the 
comparative lengths of these combined delays, the value of te 
can be zero, positive, or negative. 

The specification for Effective Aperture Delay Time is a more 
useful measurement for assessing T/H performance than aperture 
time because it includes all three of the components which have 
an effect on how quickly the device can make the change from 
the track mode to the hold mode. 

In normal operation, these time intervals become academic 
discussions since users of the T/H are more interested in when 
the held value has reached its steady state. 



© ANALOG INPUT 

( 5 ) ENCODE COMMAND INPUT 

(?) SWITCH CONTROL 

(?) HOLD CAPACITOR 

(?) ANALOG OUTPUT 

t ih = ANALOG DELAY INPUT TO HOLD CAPACITOR 
= (DELAY FROM (?) TO (4) ) 
t bd = DIGITAL DELAY THROUGH BRIDGE DRIVER 
(DELAY (?) TO (?) ). 
t sa = APERTURE TIME OF SWITCH 
t e = EFFECTIVE APERTURE DELAY TIME = 
tbd + ^- 8 ~ t ih (DELAY @ TO @ ). 

t s = SWITCH DELAY TIME = t bd + t„ 

(DELAY (?) TO (S) ). 

t 0 = OUTPUT BUFFER DELAY (DELAY (4) T ° © ) 


Figure 3. T/H Timing intervals 
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The waveforms in Figure 3 are idealized and based on an analog 
input which has a constant dV/dt. Other phenomena which are 
involved, such as transients, “jitter,” etc. are illustrated in 
Figure 2. 

Aperture uncertainty, or “jitter,” is the result of noise signals of 
various kinds which modulate the phase of the hold command. 
This jitter shows up as a sample-to-sample variation in the value 
of the analog signal which is being “frozen”. 

Aperture uncertainty manifests itself as an aperture error, as 
shown in Figure 2. The amplitude of the error is related to the 
dV/dt of the analog input. For any given value of aperture 
uncertainty, aperture error will increase as the input dV/dt 
increases. 

The design of the HTS-0025 insures that effective aperture 
delay time is within its specification from unit to unit; and is 
also repeatable from one “hold” command to the next within 
any unit. Therefore, it should not be regarded as an error source 
the way aperture uncertainty is. Effective aperture delay time 
can be compensated with system timing which correctly establishes 
th6 beginning of the hold period. 

A switching transient appears in the analog output as a result of 
the transition from “track” to “hold.” The Specifications table 
includes the maximum amplitude and duration of this transient; 
and also includes information on the switch delay time which 
precedes it. The held output is settled to within 5mV 20-25ns 
after the leading edge of the hold signal. 

Feedthrough rejection is a measure of the amount of leakage 
from input to output during the hold interval after the HTS-0025 
has settled to its specified accuracy. High feedthrough rejection 
is important because it assures no errors will be introduced 
during the conversion interval of the converter used at the output 
of the T/H. 

In the illustration, Vft is the small amount of “ripple” voltage 
on the held value of analog output. The ratio of output feedthrough 
to input signal is measured in dB and is equal to: 



As shown, droop is that amount of change in the analog output 
which occurs during the hold interval. 

Switch delay time shown in Figure 2 is the interval between the 
edges of the hold command and the start of movements in the 
analog output. This delay occurs at both the beginning and the 
end of the hold interval and is primarily the result of propagation 
delay through the output buffer amplifier. 

Acquisition time is the time required for the output of the T/H 
to reacquire and begin accurate tracking of the analog input 
after the T/H has returned to the “track” mode. The acquisition 
time “clock” starts when the output begins moving and stops 
when the output has settled to its specified accuracy. As might 
be expected, longer acquisition times are required for larger 
signals and/or greater accuracy. 

High slew rates are also important during acquisition time, but 
the desire for speed must be tempered with practical consider- 


ations. If the design of the unit achieves only speed without 
regard for overshoot, the acquisition time will be lengthened. 
Excessive “ringing” around the signal being acquired precludes 
applying successive hold commands at MHz update rates. 

SAMPLE-AND-HOLD (S/H) MODE 

Although generally used in the track-and-hold mode, the HTS- 
0025 can also be used as a sample-and-hold device for applications 
where this capability is needed. 

The operation of the unit is essentially a “mirror” of the T/H 
operation, in that the output is usually in the “hold” mode but 
is switched to the “sample” (track) mode for brief intervals. 

The width of the sample pulse which is used will be based on 
factors which are different for each application. Basically, the 
user establishes the width of this pulse by taking into account: 

1. The acquisition time of the HTS-0025. 

2. The desired accuracy of the sampled output. 

3. The maximum amount of change which has occurred since 
the preceding sample. 

This latter phenomenon is illustrated in Figure 4 Sample/Hold 
Operation. 



When operating as a S/H, the signal applied to the HOLD 
COMMAND input (Pin 5) is usually a digital logic “1” which 
holds the HTS-0025 output at the input value present at the 
time of the sample/hold pulse. 

Figure 4 shows asynchronous pulses applied to cause the output 
to reslew to new values. The trailing edge establishes the sample 
(track) mode; the leading edge returns the output to “hold”. 

In Figure 4, the analog input applied to the unit has changed 
drastically between the first and second sample (track) pulses. 
Smaller differences in the input values are present at the times 
of the second and third pulses. These differences in input show 
up as differences in the amount of movement of the analog 
output. 

The acquisition time of the HTS-0025 makes it extremely attractive 
for sample-hold applications because of its ability to acquire new 
output values quickly. This characteristic of the device allows 
the use of a narrow sample pulse and an inherently faster sample 
rate, limited only by the factors enumerated earlier. 


SAMPLE/TRACK-HOLD AMPLIFIERS 6-71 





Refer to Figure 5 Settling Accuracy vs. Acquisition Time. 



TIME - ns 


Figure 5. Settling Accuracy vs. Acquisition Time 

This graph illustrates that closer accuracies require correspond- 
ingly longer amounts of time to acquire the signal. As shown, 
the accuracy/time relationship approaches an asymptotic curve, 
rather than being a linear function. 

Another point to consider in Figure 5 is the illustrated output 
change is for a IV change. If the output is required to change 
less than one volt (as it is between the second and third pulses 


in Figure 4, for example), the amount of time required to acquire 
the new value will be less than that shown. 

When using the HTS-0025 or any other high-speed track-and-hold 
in the real world of data acquisition for fast-changing signals, 
the line between the device operating as a T/H or a S/H tends 
to “blur.” 

The designer using it as a T/H ahead of an A/D converter will 
generally vary the amount of “hold” time to obtain optimum 
operation for his particular application. When that performance 
is achieved, the HTS-0025 may, in the strictest sense of the 
word, be operating as a sample-and-hold. But it is useful to 
regard the two modes of operation separately when discussing 
the theory of operation of the unit. 


ORDERING INFORMATION 

All versions of the HTS-0025 track/hold are housed in 24-pin 
metal dual in-line hybrid packages. For commercial applications 
operating over a temperature range of 0 to + 70°C, specify model 
HTS-0025. For a temperature range of -55°C to + 100°C, 
specify model HTS-0025M. A temperature range of — 55°C to 
+ 100°C and processing to MIL-STD-883, Method 5008, are 
available in the model HTS-0025MB. 

Mating individual pin sockets are available from AMP. Knockout 
end type are part number 6-330808-0; open end type are 
6-330808-3. 


Typical HTS-0025 Operation 


INPUT: 

LOAD: 




Figure 6a. Harmonic Distortion - Track Mode 


Figure 6b. Frequency Domain Outputs 




20ns/DIV 


Figure 6c. Track/Hold Operation 


Figure 6d. Expanded View of Output Signal Showing 
Switching Transients and Pedestal with dc Input 
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ADG201HS - LC 2 MOS High Speed Quad SPST Switch 7-29 

ADG211A/212A-LC 2 MOS Quad SPST Switches 7-37 

ADG22 1/222 - CMOS Quad SPST Switches 7-41 

ADG506A/507A - CMOS 8/16 Channel Analog Multiplexers 7-45 

ADG508A/509A - CMOS 4/8 Channel Analog Multiplexers 7-53 

ADG526A/527A - CMOS Latched 8/16 Channel Analog Multiplexers 7-57 

ADG528A/529A - CMOS Latched 4/8 Channel Analog Multiplexers 7-65 
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Selection Guide 

Analog Switches & Multiplexers 


CMOS SWITCHES 

Leakage 




Current 

®ON 








nA 

XI 


Package 

Options 1 

Temp 



Model 

Function 

max 

max 

Latched 

Range 2 

Page 

Comments 

*ADG201HS 

Quad SPST 

1 

50 


E, N, P, Q, R 

C, I, M 

7-29 

CMOS, High-Speed Quad Switch. 44 V Supply 
Maximum Ratings 

ADG201A 

Quad SPST 

1-2 

90 


E, N, P, Q, R 

C, I, M 

7-25 

CMOS, 44 V Supply Maximum Ratings 

ADG202A 

Quad SPST 

1-2 

90 


E, N, P, Q, R 

C, I, M 

7-25 

CMOS, 44 V Supply Maximum Ratings 

ADG221 

Quad SPST 

1-2 

90 

X 

E, N, P, Q, R 

C, I, M 

7-41 

CMOS, Latched Input, 44 V Supply Maximum Ratings 

ADG222 

Quad SPST 

1-2 

90 

X 

E, N, P, Q 

C, I, M 

7-41 

CMOS, Latched Input, 44 V Supply Maximum Ratings 

AD7510DI 

Quad SPST 

5-10 

100 


E, N, P, Q 

C, M 

7-9 

DiCMOS, Dielectrically Isolated 

AD7511DI 

Quad SPST 

5-10 

100 


E, N, P, Q 

C, M 

7-9 

DiCMOS, Dielectrically Isolated 

AD7590DI 

Quad SPST 

5 

90 

X 

E, N, P, Q 

C, I, M 

7-13 

DiCMOS, Latched, Dielectrically Isolated 

AD7591DI 

Quad SPST 

5 

90 

X 

E, N, P, Q 

C, I, M 

7-13 

DiCMOS, Latched, Dielectrically Isolated 

ADG211A 

Quad SPST 

5 

115 


N, P, R 

C 

7-37 

CMOS, Low Cost, 44 V Supply Maximum Ratings 

ADG2I2A 

Quad SPST 

5 

115 


N, P 

C 

7-37 

CMOS, Low Cost, 44 V Supply Maximum Ratings 

AD7512DI 

Dual SPDT 

5-10 

100 


E, N, P, Q 

C, M 

7-9 

DiCMOS, Dielectrically Isolated 

AD7592DI 

Dual SPDT 

5 

90 

X 

E, N, P, Q 

C, M 

7-13 

DiCMOS, Latched, Dielectrically Isolated 


ANALOG CMOS MULTIPLEXERS 

Leakage 
Current R ON 




nA 

XI 


Package 

Temp 



Model 

Function 

max 

max 

Latched 

Options 1 

Range 2 

Page 

Comments 

ADG506A 

16:1 

1 

280 


E, N, P, Q 

C, I, M 

7-45 

Superior Second Source to DG506A 

ADG526A 

16:1 

1 

280 

X 

E, N, P, Q 

C, I, M 

7-57 

Superior Second Source to DG526A 

ADG507A 

Dual 8:1 

1 

280 


E, N, P, Q 

C, I, M 

7-45 

Superior Second Source to DG507A 

ADG527A 

Dual 8:1 

1 

280 

X 

E, N, P, Q 

C, I, M 

7-57 

Superior Second Source to DG527A 

ADG508A 

8:1 

1 

300 


E, N, P, Q, R 

C, I, M 

7-53 

Superior Second Source to DG508A 

ADG528A 

8:1 

1 

300 

X 

E, N, P, Q, R 

C, I, M 

7-65 

Superior Second Source to DG528A 

AD7501 

8:1 

1-5 

300 


E, N, Q 

C, M 

7-7 


AD7503 

8:1 

1-5 

300 


E, N, Q 

C, M 

7-7 


ADG509A 

Dual 4:1 

1 

300 


E, N, P, Q, R 

C, I, M 

7-53 

Superior Second Source to DG509A 

ADG529A 

Dual 4:1 

1 

300 

X 

E, N, P, Q, R 

C, I, M 

7-65 

Superior Second Source to DG529S 

AD7502 

Dual 4:1 

1-5 

300 


E, N, Q 

C, M 

7-7 
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VIDEO MULTIPLEXERS 


Full Power Crosstalk 


Model 

Function 

BW 

MHz 

min 

Rejection 

F = 10 MHz 
dB 

Package 

Options 1 

Temp 

Range 2 

Page 

Comments 

*AD9300 

4:1 

30 

75 

E,Q 

C, M 

7-17 

Wideband Video Mux 


Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; N-Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); 
Q-Cerdip; R-Small Outline Plastic (SOIC). 

2 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to + 125°C. 
Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 




Orientation 

CMOS Switches & Multiplexers 


Analog Devices offers a complete line of monolithic CMOS 
analog multiplexers and switches, which utilize a high-breakdown 
CMOS process, in conjunction with a double-layer interconnect 
for high density. Both 8- and 16-channel multiplexers are available 
in one-line and two-line (4- and 8-channel differential) versions. 
The switches are dielectrically isolated duals and quads available 
in a variety of contact forms. Both direct and inverted logic 
options are available for the most popular types. The popular 
AD75 10/1 1/12DI (quad SPST/dual SPDT), which utilize dielectric 
isolation, are latchup-proof and can withstand overrange to 
±25V beyond the supplies. 


CMOS switches have extremely low quiescent power dissipation, 
require little drive or supply current while switching and are 
low in cost. Their Ron is low and is, to a first order, independent 
of applied voltage; in the off condition, leakage is quite small, 
both across the gate and to the drive and supply circuits. Most 
types respond to TTL/DTL as well as CMOS logic. 

Definitions for terminal nomenclature used in the data sheets 
are given below, and a summary of device functions appears on 
the preceding page. General information on the nature of CMOS, 
its advantages, its applications and its protection, is to be found 
in the Analog CMOS Switches and Multiplexers , available from 
Analog Devices upon request. 


MULTIPLEXER TERMINOLOGY 


Ron: 

Ohmic resistance between the output 

Gout: 

Capacitance between the output termi- 


and an addressed input. 


nal and ground with all switches open. 

Ron vs. Temperature: 

Ron drift over the temperature range. 

Cs-out : 

Capacitance between any open termi- 

AR 0 n between 

Difference between the Rons of any 


nal “S” and the output terminal. 

Switches: 

two switches. 

Css: 

Capacitance between any two “S” 

Ron vs. Temperature 

Difference between the Ron drifts of 


terminals. 

between Switches: 

any two switches. 

^transition: 

Delay time when switching from 

Is: 

Current at any switch input, S 1 through 


one address state to another. 


Sn* This is a leakage current when the 

toPEN: 

“OFF” time of both switches when 


switch is open. 


switching from one address state 

Iout : 

Current at the output . This is a leak- 


to another. 


age current when all switches are open. 

toN(En): 

Delay time between the 50% points 

Iout-Is: 

Difference between the current going 


of the enable input and the switch 


into terminal “S” and the current go- 


“ON” condition. 


ing out of terminal “out” when termi- 

toFF (En): 

Delay time between the 50% points 


nal “S” is addressed. 


of the enable input and the switch 

Vinl'- 

Digital threshold voltage for the low 


“OFF” condition. 


state. 

Vdd : 

Most positive voltage supply. 

Vinh: 

Digital threshold voltage for the high 

V ss : 

Most negative voltage supply. 


state. 

Idd : 

Positive supply current. 

C s : 

Capacitance between any open termi- 
nal “S” and ground. 

Iss: 

Negative supply current. 
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SWITCH TERMINOLOGY 


Rds- 

Id(Is): 

Ids : 

Id-Is* 

V D (Vs): 

C S (C D ): 

Cds : 


Ohmic resistance between terminals Cdd (Css) : 

Dand S. 

Current at terminals D or S . This is 
a leakage current when the switch is OFF. 

Current flowing through the closed t<=>N * 

switch. 

Leakage current that flows from the 

closed switch into the body. (This leak- toFF * 

age will show up as the difference 

between the current Id going into the 

switch and the outgoing current Is-) V INL : 

Analog voltage on terminal D (S). V inh‘- 

Capacitance between terminal S (D) Iinl (Iinh) • 

and ground . (This capacitance is speci- q n : 
fled for the switch open and closed.) 

Capacitance between terminals D and V D d : 

S . (This will determine the switch iso- 

lation over frequency . ) * s s ‘ 

Idd- 

Iss: 


Capacitance between terminals D (S) 
of any 2 switches. (This will determine 
the cross coupling between switches 
vs. frequency.) 

Delay time between the 50% points of 
the digital input and switch “ON” 
condition. 

Delay time between the 50% points of 
the digital input and switch “OFF” 
condition. 

Threshold voltage for the low state. 
Threshold voltage for the high state. 
Input current of the digital input. 

Input capacitance to ground of the 
digital input. 

Most positive voltage supply. 

Most negative voltage supply. 

Positive supply current. 

Negative supply current. 
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7-6 CMOS SWITCHES & MULTIPLEXERS 



ANALOG 

DEVICES 


CMOS 

4/8 Channel Analog Multiplexers 


AD7501/AD7502/AD7503 


FEATURES 

DTL/TTL/CMOS Direct Interface 
Power Dissipation: 30/uW 
Ron • 17012 

Standard 16-Pin DIPs and 20-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7501 and AD7503 are monolithic CMOS, 8-channel 
analog multiplexers which switches one of 8 inputs to a 
common output depending on the state of three binary ad- 
dress lines and an “enable” input. The AD7503 is identical 
to the AD7501 except its “enable” logic is inverted. All 
digital inputs are TTL/DTL and CMOS logic compatible. 

The AD 75 02 is a monolithic CMOS dual 4-channel analog 
multiplexer. Depending on the state of 2 binary address in- 
puts and an “enable”, it switches two output buses to two 
of 8 inputs. 

PIN CONFIGURATIONS 
DIP 


A1 [T 

• 

~16~| AO 

A1 ^ 

• 

IT] AO 

GND [T 


3 Vss 

GND (T 


3 v ss 

EN [T 


3 V D° 

EN [T 


ID V °D 

A2 [T 

AD7501, AD7503 

jTj si 

out rj- 
5-8 LL 

AD7502 

3 si 

S8 [T 

TOP VIEW 
(Not to Scale) 

3 out 

S8 [T 

TOP VIEW 
(Not to Scale) 

3 ?4 T 

S7 (T 


3 S2 

S7 [T 


3 s2 

S6 |T 


17] S3 

SS [T 


3 sa 

85 tl 


~9~] S4 

S5 [T 


3 s 4 


3 2 1 20 19 


LCCC 



3 2 1 20 19 


V 00 

! 17 SI 


15 OUT 
14 S2 



| 18 V OD 
17 SI 
16 NC 
15 OUT 1-4 
14 S2 


PLCC 



AD7501/AD7503 FUNCTIONAL BLOCK DIAGRAM 

V DD o_J TTL/DTL TO CMOS LEVEL TRANSLATOR I 
(+15V)° j I -j— 1 | 

GNDO-I | DECOPER/DRtVER ~| | 


v ss 


T~i 


s 


f- 


OUT SI S8 

AD7502 FUNCTIONAL BLOCK DIAGRAM 
i~ i y 

Ypp.o— 4 j PTL/TTL TO CMOS LEVEL TRANSLATOR | 


(+15V)°'~| 
GNDO— I [ 


DECODER/DRIVER 


V SS o—4 

(-15V)°n 


'nni <m 


ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


Oto +70°c 

— 25°C to + 85°C 

— 55°C to +125°C 

Plastic DIP (N-I6) 

Hermetic (Q-16) 

Hermetic (Q-16) 

AD7501JN 

AD7501JQ 

AD7501SQ 

AD7501KN 

AD7501KQ 

AD7502SQ 

AD7502JN 

AD7502JQ 

AD7503SQ 

AD7502KN 

AD7502KQ 


AD7503JN 

AD7503JQ 


AD7503KN 

AD7503KQ 


PLCC 3 (P-20A) 


LCCC 4 (E-20A) 

AD7501JP 


AD7501SE 

AD7501KP 


AD7501SE 

AD7502JP 


AD7503SE 

AD7502KP 



AD7503JP 



AD7503KP 




NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part number. 
See Analog Devices’ 1987 Military Databook for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 


TRUTH TABLES 
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(Vqq = + 15V, Vss = - 15V unless otherwise noted) 







OVER SPECIFIED 







TEMP. RANGE 


PARAMETER VERSION 1 

SWITCH 

@25°C ! 

AD7501, 1 





CONDITION 

AD7501, AD7503 

AD7502 


AD7502 

TEST CONDITIONS 











ON 

170J2 typ, 300fl max 

* 



-10V < v s < +10V 



ON 

20% typ 




I s = 1.0mA 

r ON vs - Temperature 

All 

ON 

0.5%/° C typ 

* 

mmmm 


V s = 0V, Ig = 1.0mA 

AR on Between Switches 

All 

ON 

4% typ 

* 

■ ■ 



Rqn vs. Temperature Between 








Switches 

All 

ON 

±0.01%/°C 

* 

■■ 



! s 

J, K 

OFF 

0.2nA typ, 2nA max 

* 

raw-* 

* 

V s = -10V, V QUT = +10V and 


S 

OFF 

0.5nA max 

* 

■I 

* 

v s = +10V, v 0UT = -10V 


J, K 

OFF 

InA typ, lOnA max 

0.6nA typ, 5nA max 

250nA max 

125nA max 

V s = -10V, Vqut = +10V and 








v s = +10V, Vqut = -lov 


S 

OFF 

5nA max 

3nA max 

250nA max 

125nA max 

AD7 501/02: Enable LOW 








AD7503: Enable HIGH 

|k)UT — *s| 

J,K 

ON 

12nA max 


300nA max 

175nA max 

v s = o 


S 

ON 

5.5nA max 


300nA max 

175nA max 


DIGITAL CONTROL 





■m 



V INL 

All 




B 

* 



J 




3.0V min 

* 

Note 2 


K. S 




2.4V min 

* 


^INL or •iNH 

All 


lOnA typ 

* 




C IN 

All 


3pF typ 





DYNAMIC CHARACTERISTICS 








t ON 

All 


O.fyts typ 

* 



Vjn = 0 to +5.0V 

^FF 

All 


0.8/xs typ 

* 



(See Test Circuit 2) 

C S 

All 

OFF 

5pF typ 

* 




C OUT 

All 

OFF 

30pF typ 

15pF typ 


H 


C SOUT 

All 

OFF 

0.5pF typ 

* 




C ss Between Any Two Switches 

All 

OFF 

0.5pF typ 





POWER SUPPLY 





■■■ 

■n 


*DD 

All 


5 00 /j A max 

* 

500nA max 


All Digital Inputs Low 

! SS 

All 


500juA max 

* 

500fxA max 



! dd 

All 



* 

800/xA max 

* 

All Digital Inputs High 

*SS 

All 


EE3SE9HH 

* 

800juA max 

* 



NOTES 

•Same specifications as AD7501 and AD7503. 

1 JN, KN, JP, KP versions specified for 0 to +70°C; JQ, KQ. versions for -25°C to +85°C; and SQ, SE versions for -55°C to +125°C. 

2 A pullup resistor, typically l-2kn is required to make the AD7501J, AD7502J compatible with TTL/DTL levels. The maximum value is 
determined by the output leakage current of the driver gate when in the high state. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise noted) 


V DD to GND + 17V 

V ss to GND - 17V 

V Between Any Switch Terminals (see Note 1) 25V 

Digital Input Voltage Range Vdd to GND 

Overvoltage at Vout (Vs) Vss? V D d 

Switch Current (I s , Continuous One Channel) 20mA 

Switch Current (I s , Surge One Channel) 

lms Duration, 10% Duty Cycle 35mA 

Power Dissipation (Any Package) 

Up to + 50°C lOOOmW 

Derates above + 50°C by 10mW/°C 

Operating Temperature 

Commercial (JN, KN, JP, KP Versions) .... 0 to + 70°C 

Industrial (JQ, KQ Versions) -25°C to + 85°C 

Extended (SQ, SE Versions) -55°C to + 125°C 

Storage Temperature -65°Cto + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 


CAUTION 

1 . Do not apply voltages higher than V DD and V S s to any other terminal, 
especially when V S s = V DD = 0V all other pins should be at 0V. 

2. The digital control linputs are diode protected; however, permanent damage 
may occur on unconnected units under high energy electrostatic fields. Keep 
unused units in conductive foam at all times. 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other, conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed . 
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ANALOG 

DEVICES 


Dl CMOS 

Protected Analog Switches 


AD751 0DI/AD751 1 DI/AD751 201 


FEATURES 

Latch-Proof 

Overvoltage-Proof: ±25V 
Low Rqn: 7511 
Low Dissipation: 3mW 
TTL/CMOS Direct Interface 
Silicon-Nitride Passivated 
Monolithic Dielectrically Isolated CMOS 
Standard 14-/1 6-Pin DIPs and 
20-Terminal Surface Mount Packages 

GENERAL DESCRIPTION 

The AD7510DI, AD7511DI and AD7512DI are a family of 
latch proof dielectrically isolated CMOS switches featuring over- 
voltage protection up to ±25V above the power supplies. These 
benefits are obtained without sacrificing the low “ON” resistance 
(750) or low leakage current (5Q0pA), the main features of an 
analog switch. 


AD7510DI/AD7511DI/AD7512DI 
FUNCTIONAL BLOCK DIAGRAMS 
AND PIN CONFIGURATIONS 

DIP 



NC = NO CONNECT 


The AD7510DI and AD7511DI consist of four independent 
SPST analog switches packaged in either a 16-pin DIP or a 20- 
terminal surface mount package. They differ only in that the 
digital control logic is inverted. The AD7512DI has two inde- 
pendent SPDT switches packaged either in a 14-pin DIP or a 
20-terminal surface mount package. 

Very low power dissipation, overvoltage protection and TTL / 
CMOS direct interfacing are achieved by combining a unique 
circuit design and a dielectrically isolated CMOS process. Silicon 
nitride passivation ensures long term stability while monolithic 
construction provides reliability. 

ORDERING INFORMATION 1 


Temperature Range and Package 2 


Oto +70°C 

— 25°C to 
+ 85°C 

— 55°C to 
+ 125°C 

Plastic DIP 3 

AD7510DIJN 

AD7510DIKN 

AD751 1DIJN 

AD7511DIKN 

AD7512DIJN 

AD7512DIKN 

Hermetic 4 

AD7510DIJQ 

AD7510DIKQ 

AD7511DIJQ 

AD7511DIKQ 

AD7512DIJQ 

AD7512DIKQ 

Hermetic 4 

AD7510DISQ 

AD7510DITQ 

AD7511DITQ 

AD7512DISQ 

AD7512DITQ 

PLCC 5 (P-20A) 

AD7510DIJP 

AD7510DIKP 

AD7511DIJP 

AD7511DIKP 

AD7512DIJP 

AD7512DIKP 


LCCC 6 (E-20A) 

AD75 IODISE 

AD7511DISE 

AD7511DITE 

AD7512DISE 

AD7512DITE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add/883B to part 
number. Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 For AD7510DIJN/KN and AD751 1DIJN/KN package outline N-16; 
for AD7512DIJN/KN package outline N-14. 

Tor AD75 10DIJQ/KQ/SQ and AD7511DIJQ/KQ/SQ/TQ package outline Q-16; 
for AD7512DIJQ/KQ/SQ/TQ package outline Q-14. 

5 PLCC: Plastic Leaded Chip Carrier. 

6 LCCC: Leadless Ceramic Chip Carrier. 


CONTROL LOGIC 

AD7510DI: Switch “ON” for Address “HIGH” 
AD7511DI: Switch “ON” for Address “LOW” 

AD7512DI: Address “HIGH” makes SI toOut 1 andS3to 
Out 2 

PIN CONFIGURATIONS 

LCCC 




PLCC 
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(V DD = + 15V, Yjs = - 15V unless otherwise noted) 

COMMERCIAL AND INDUSTRIAL VERSIONS 0. *> 


PARAMETER 

MODEL 

VERSION 

+25°C 

0 to +70° C (N, P) 

TEST CONDITIONS 




(N, P, Q, E) 

-25°C to +85°C (Q) 


ANALOG SWITCH 






K-ON* 

All 

J.K 

75 EL typ, 100£2 max 

1750 max 

-10V < v D < +10V 

r on vs v d < v s> 

All 

J,K 

20% typ 


I DS = 1.0mA 

r on Drift 

All 

J,K 

+0.5%/° C typ 



R on Match 

All 

J.K 

1% typ 


V n = 0, I nQ = 1.0mA 

R ON Drift 

Match 

All 

J.K 

0.01%/°C typ 



Id (Is)off‘ 

All 

J.K 

0.5nA typ, 5nA max 

500nA max 

V D = -10V, V s = +10V and 

V D = + 10V, v s = -10V 

Id (Is)on 1 

All 

J.K 

lOnA max 


v s = V D = +10V 
v s = V D = -10V 

Wr 1 

AD7512DI 

J.K 

15nA max 

1500nA max 

V S1 = V OUT = ilOV. V S2 = +10V 





and V S2 = V oux = ±10V, V S1 = +10V 

DIGITAL CONTROL 






v inl' 

All 

J.K 


0.8V max 


V INH 1 

All 

J 


3.0V min 


All 

K 


2.4V min 



All 

J.K 

7pF typ 




All 

J.K 

lOnA max 


V IN = V DD 

W 

All 

J.K 

lOnA max 


v^ = o 

DYNAMIC 

CHARACTERISTICS 






l ON 

AD7510DI 

J.K 

180ns typ 



AD7511DI 

J.K 

350ns typ 


Vjfj = 0 to +3.0V 

TlFF 

AD7510DI 

J.K 

350ns typ 



AD7511DI 

J.K 

180ns typ 



Transition 

AD7512D1 

J.K 

300ns typ 



Cs (C d )OFF 

All 

J.K 

8pF typ 



c s (C d )ON 

All 

J.K 

17pF typ 



C DS ( C S-OUT^ 

All 

J.K 

lpF typ 


V D (V s ) = OV 

C DD < C Ss) 

All 

J.K 

0.5pF typ 



C OUT 

AD7512DI 

J.K 

17pF typ 



Dinj 

All 

J.K 

30pC typ 


Measured at S or D terminal. 



= lOOOpF, Vjn = o to 3V, 

V D (V s ) = +10V to -10V 




POWER SUPPLY 






1 * 

*ss 

All 

J.K 

800/uA max 

800/nA max 

All digital inputs = V INH 

All 

J.K 

800/uA max 

800/iA max 


^DD * 

All 

J.K 

500/iA max 

500/iA max 

All digital inputs = V^l 

*ss* 

All 

J, K 

5 00/u A max 

500/liA max 



PACKAGE OPTIONS 2 


Plastic (N-14) 

AD7512D1JN/KN 

Plastic (N-16) 

AD7510DIJN/KN 


AD7511DIJN/KN 

Cerdip (Q-14) 

AD7512DIJQ/KQ 

Cerdip (Q.-16) 

AD7510DIJQ/KQ 


AD7511DIJQ/KQ 

PLCC (P-20 A) 

AD7510DIJP/KP 


AD7511DIJP/KP 


AD7512DIJP/KP 


NOTES 

1 100% tested. Specifications subject to change without notice. 

a See Section 14 for package outline information. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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AD751 0DI/AD751 1 DI/AD751 2DI 


EXTENDED VERSIONS (S, T) 


PARAMETER 

MODEL 

VERSION 

+25°C 

-55°C to +125°C 

TEST CONDITIONS 

ANALOG SWITCH 
r on 1 

All 

S, T 

100f2 max 

1 7512 max 

-10V < v D < +10V 

Ids = lmA 

*D ^S^OFF * 

All 

S, T 

3nA max 

200nA max 

V D = -10V, Vg = +10V and 
v D = +10V, Vg = -10V 


10 Vo = V n = +10V and 

V S = v D = -10V 

9nA max 600nA max V S1 = V OUT = ±10V 

V S2 = +10V and 

V S2 = V OUT = ±10V 

Vsi ■ *i° v 

DIGITAL CONTROL 


V INL 1 

All 

S, T 

0.8V max 

ViNH 1 ’ 2 

AD7510DI 

S 

2.4V min 


AD7511DI 

T 

2.4V min 


AD7512DI 

T 

2.4V min 


AD7511DI 

S 

3.0V min 


AD7512DI 

S 

3.0V min 


All S, T 1 On A max V IM = V D D 

All S, T lOnA max Vjn = 0 


DYNAMIC 

CHARACTERISTICS 

tON 3 AD7510DI 

AD7511DI 

toFF 3 AD7510DI 

AD7511DI 

^TRANSITION 3 AD7512DI 


POWER SUPPLY 

I 1 

DEJ 

*SS 

All 

S, T 

800/jtA max 

All digital inputs = V^pj 

All 

S, T 

800/xA max 


^DD, 

All 

S, T 

500/iA max 

All digital inputs «= Vjj^l 

I 1 

! SS 

All 

S, T 

500juA max 



PACKAGE OPTIONS 4 

Cerdip (Q-16) AD7510DISQ 

AD7511DISQ/TQ 
Cerdip (Q-14) AD7512DISQ/TQ 

LCCC (E-20A) AD7510DISE 

AD7511DISE/TE 

AD7512DISE/TE 


s, 

1.0 /is max 

S, T 

1.0/is max 

S, T 

l.Opis max 

S, T 

1 .OfjLs max 

S, T 

l.Ofis max 


Id (Is)ON 1 All S, T 

Iq^ 1 AD7512DI S, T 


NOTES 

1 100% tested. 

2 A pullup resistor, typically l-2kO is required to make AD7511DISQ and AD7512DISQ TTL compatible. 
3 Guaranteed, not production tested. 


4 See Section 14 for package outline information. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 

V DD to GND + 17V 

VsstoGND -17V 

Overvoltage at V D (Vs) 

(1 second surge) V DD +25V 

orV ss -25V 

(Continuous) Vdd + 20V 

orVss -20V 
or 20mA, Whichever Occurs First 

Switch Current (I DS , Continuous) 50mA 

Switch Current (I D s, Surge) 

lms Duration, 10% Duty Cycle 150mA 

Digital Input Voltage Range 0V to V DD + 0.3V 

Power Dissipation (Any Package) 

Up to +75°C 450mW 

Derates above 4- 75°C by 6mW/°C 


Lead Temperature (Soldering, lOsec) + 300°C 

Storage Temperature -65°C to + 150°C 

Operating Temperature 

Commercial (JN, KN, JP, KP Versions) .... 0to+70°C 

Industrial (JQ, KQ Versions) - 25°C to 4- 85°C 

Extended (SQ, TQ, SE, TE Versions) . . -55°C to + 125°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Typical Performance Characteristics 



Rq/\j as a Function of Vq (V§) 



Rqn as a function of Vq (V§) 



! S' (fotoFF vs V S 


7- 12 CMOS SWITCHES & MUL TIPLEXERS 



TRANSITION as a Function of Digital Input Voltage 



t ON t OFF as a Function of Temperature 



t TRANSITION as a Function of Temperature 







ANALOG 

DEVICES 


Dl CMOS 

Analog Switches with Data Latches 


AD7S90DI/AD7591 DI/AD7592DI 


FEATURES 
SCR Latch-Proof 
Overvoltage-Proof: ±25V 
Low Rqn: 6011typ 
Buffered Switch Logic 
TTL, CMOS Compatible 
Monolithic Dielectrically-Isolated CMOS 
Pin Compatible with AD7510DI Series 
Standard 14/16-Pin DIPs and 20-Terminal 
Surface Mount Packages 


GENERAL DESCRIPTION 

The AD7590DI, AD7591DI and AD7592DI are a family of 
protected (latch-proof) dielectrically isolated CMOS switches 
featuring overvoltage protection up to ± 25V above the power 
supplies. Microprocessor interfacing is facilitated by the provision 
of on-chip data latches. 

The AD7590DI and AD7591DI consist of four independent 
SPST analog switches packaged in either a 16-pin DIP or a 20- 
terminal surface mount package. They differ only in that the 
switch control logic is inverted. The AD7592DI has two inde- 
pendent SPDT switches packaged in either a 14-pin DIP or a 
20-terminal surface mount package. 


ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


Oto + 70°C 

— 25°Cto + 85°C 

- 55°C to +125°C 

Plastic DIP 3 

Hermetic 4 

Hermetic 4 

AD7590DIKN 

AD7590DIBQ 

AD7590DITQ 

AD7591DIKN 

AD7591DIBQ 

AD7591DITQ 

AD7592DIKN 

AD7592DIBQ 

AD7592DITQ 

PLCC 5 (P-20A) 


LCCC 6 (E-20A) 

AD7590DIKP 


AD7590DITE 

AD7591DIKP 


AD7591DITE 

AD7592DIKP 


AD7592DITE 


NOTES 

] To order MIL-STD-883, Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 For AD7590DIKN and AD7591DIKN package outline N-16; for 
AD7592DIKN package outline N-14. 

4 For AD7590DIBQ/TQ and AD7591DIBQ/TQ package outline Q-16; for 
AD7592DIBQ/TQ package outline Q-14. 

5 PLCC: Plastic Leaded Chip Carrier. 

6 LCCC: Leadless Ceramic Chip Carrier. 


AD7590DI/AD7591/AD7592DI 
FUNCTIONAL BLOCK DIAGRAMS 
AND PIN CONFIGURATIONS FOR DIP 


16-PIN DIP 


14-PIN DIP 



TOP VIEW 
(Not to Scale) 


NC = NO CONNECT 


CONTROL LOGIC (WR HELD LOW) 

AD7590DI: Switch “ON” for Address “HIGH” 

AD7591DI: Switch “ON” for Address “LOW” 

AD7592DI: Address “HIGH” makes SI to Out 1 and S3 to 
Out 2 


PIN CONFIGURATIONS 
LCCC 


3 2 1 20 19 



3 2 1 20 19 


| 18 S2 
! 17 D2 
16 NC 
15 S3 
14 D3 


NC = NO CONNECT 



18 S2 
17 NC 
16 S4 
15 NC 
14 OUT2 


PLCC 
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SPECIFICATIONS 


(V 0D = 15V, Vss = - 15V unless otherwise noted) 




T a =+25°C 

K,B 




Parameter 

Model 

AU Versions 1 

Versions 

T Version 

Units 

Test Conditions/Comments 

ANALOG SWITCH 







Analog Signal Range 

AU 

±10 

E3 

±10 

Volts 


Ron 2 

All 

60 



fltyp 

- 10V « V s ^ + 10V, I DS = 1mA; 


AU 

90 

120 

150 

ft max 

Test Circuit 1 

Ron Match 3 

AU 

2 



Dtyp 

Vs = 0, Ids — lmA 

Ron Match Drift 3 

AU 

0.01 



(1/°C typ 

Vs = 0,Ids = 1mA 

I D OFF 2 

AD7590DI 

0.5 



nAtyp 

Test Circuit 2 


AD7591DI 

5 

SV' 


nA max 


Is OFF 2 

AU 

0.5 



nAtyp 

TestCircuits2&3 



5 

50 

rjl|i ■■ 

nAmax 


Id (Is) ON 2 

AU 

0.5 



nAtyp 

Test Circuit 4 



5 

50 


nAmax 


loUT 2 

AD7592DI 

1 



nAtyp 

Test Circuit 3 



10 



nAmax 


C s (Cd) off 4 

AU 






Cs(C d )ON 4 

AU 




pF typ 


Cds (Cs-out) 4 

AU 

1 



pF typ 


Cdd(Css) 4 

AU 

0.5 





Cout 4 

AD7592DI 






DIGITAL CONTROL 







VlNL 2 

AU 

08 

0.8 

0.8 

V max 


Vinh 2 

AU 

2.4 

2.4 

2.4 

V min 


ClN 4 

AU 

7 

7 

7 

pF typ 


Iinl or Iinh 2,5 

AU 

1 

1 

1 

(xA max 

ViN = 0orV D D 

DYNAMIC CHARACTERISTICS 







Ton 3 

AD7590DI 

250 

380 


ns max 

Test Circuit 5 


AD7591DI 



500 

ns max 


tOFF 3 

AD7590DI 



500 

ns max 

Test Circuit 5 


AD7591DI 

250 



ns max 


^TRANSITION 3 

AD7592DI 

350 



ns max 

Test Circuit 6 

Write Pulse-Width (t OT ) 3 

AU 

250 



ns min 

See Figure 1 

Address Setup Time (tAs) 3 

AU 




ns min 

See Figure 1 

Address Hold Time (t AH ) 3 

Off Isolation 4 

AU 

20 

30 

40 

ns min 

See Figure 1 

(Analog Input to Analog Output) 

AU 

-85 



dBtyp 

A, WR = 0.8V; V s = 10V (Pk-Pk); 
f= lkHz,R L =10kn 

Crosstalk 4 







(Digital Input to Analog Output) 

AU 

5 



mV peak, typ 

R L =lMD,C L =15pF; 

VrNH = 3V,V INL = 0V; 
tRISE = tFALL = 20ns; 







WR held HIGH 

Qinj 4 







(Charge Injection) 

AU 

55 



pCtyp 

Test Circuit 7 

POWER SUPPLY 




■| 



Idd 2 

All 

1 

1.5 

fl ■ 

mA max 

Digital Inputs = Vhml or V INH 

Iss 2 

AU 

1 

1 

BH 

mA max 



NOTES 

‘Temperature Ranges as follows: K Version; 0 to +70°C 

B Version; -25°Cto +85°C 
T Version; - 55°C to + 125°C 

2 100% tested. 

Guaranteed, not production tested. 

‘‘Typical values for information only, not subject to test. 
s Inputs are MOS gates typical current less than lOnA. 
Specifications subject to change without notice. 


TIMING AND CONTROL SEQUENCE 


A1, A2, (A3, A4) 


WR 


;zx 


XI 


F 


t AH : A1-A4 VALID TO WR HOLD TIME 
t AS : A1-A4 VALID TO WR SETUP TIME 
t WR : WR PULSE WIDTH 


Figure 1. Timing and Control Sequence 


TIMING AND CONTROL SEQUENCE 

Figure 1 shows the timing sequence for latching the switch 
addre ss in puts. The latches are level sensitive and, therefore, 
while WR is held low the latches are transparent and the switches 
respond to the ad dress inputs. The digital inputs are latched on 
the rising edge of WR. 

NOTE: All digital input signals rise and fall times measured 
from 10% to 90% of 3V. t R = t F =20ns. 
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AD7590DI/AD7591 DI/AD7592DI 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise noted) 

V DD to GND + 17V 

V ss to GND - 17V 

Overvoltage at V D (V s ), One Switch Only 

(1 sec surge) V DD +25V 

or V ss -25V 

(Continuous) V DD +20V 

or V ss -20V 
or 20mA, Whichever Occurs First 

Switch Current (I D sj Continuous) 50mA 

Switch Current (I DS , Surge) 

lms Duration, 10% Duty Cycle 150mA 

Digital Input Voltage Range -0.3V to V DD + 0.3V 


Power Dissipation (Any Package) 

Up to + 75°C 450mW 

Derates above +75°C by 6mW/°C 

Storage Temperature -65°C to + 150°C 

Operating Temperature 

Commercial (K Version) 0 to + 70°C 

Industrial (B Version) - 25°C to -f 85°C 

Extended (T Version) - 55°C to + 125°C 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 


ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



Typical Performance Characteristics and Test Circuits 



-20 -15 -10 -5 0 5 10 15 20 


V s - VOLTS 

Ron AS A FUNCTION OF V D (V s ) 

FOR DIFFERENT SUPPLY VOLTAGES 


TEST CIRCUIT I 
1mA 



TEST CIRCUIT 2 
(AD7590DI, AD7591DI) 


TEST CIRCUIT 3 
(AD7592DI ONLY) 
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Typical Performance Characteristics and Test Circuits Cont’d 

TEST CIRCUIT 4 



a. AD7590DI, AD7591DI b. AD7592DI 


TEST CIRCUIT 5 

SWITCHING TIME OF AD7590DI AND AD7591DI, to*, Ioff 


+ 15V -15V 



TEST CIRCUIT 6 

SWITCHING TIME OF AD7592DI, tmANsmoN 

+ 15V -15V 



TEST CIRCUIT 7 
CHARGE INJECTION 


+ 15V -15V 



3V SWITCH ON 

~^r\ r~ 

OV \ ! SWITCH OFF 



Q. NJ -C l xAV 0 
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ANALOG 

DEVICES 



4x1 Wideband 
Video Multiplexer 


AD9300 


AD9300 FUNCTIONAL BLOCK DIAGRAM 
(Based on Cerdip) 



FEATURES 

34MHz Full Power Bandwidth 
±0.1dB Gain Flatness to 8MHz 
75dB Crosstalk Rejection @ 10MHz 
0.0570.05% Differential Phase/Gain 
Cascadable for Switch Matrices 

APPLICATIONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 


GENERAL DESCRIPTION 

The AD9300 is a monolithic high-speed video signal multiplexer 
useable in a wide variety of applications. 

Its four channels of video input signals can be randomly switched 
at megahertz rates to the single output. In addition, multiple 
devices can be configured in either parallel or cascade arrangements 
to form switch matrices. This flexibility in using the AD9300 is 
possible because the output of the device is in a high-impedance 
state when the chip is not enabled; when the chip is enabled, 
the unit acts as a buffer with a high input impedance and low 
output impedance. 

An advanced bipolar process provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 75dB at 
10MHz. Full power bandwidth is a minimum 30MHz. The 
device can be operated from ± 10V to ± 15V power supplies. 


The AD9300KQ is packaged in a 16-pin ceramic DIP, and the 
AD9300KP is packaged in a 20-pin PLCC; both are designed to 
operate over the commercial temperature range of 0 to + 70°C. 
For military temperatures of -55°C to + 125°C, order part 
number AD9300TQ, which is also a 16-pin ceramic DIP. In 
addition, the AD9300 is available in a 20-pin LCC as the model 
AD9300TE, which operates over a temperature range of -55°C 
to + 125°C. 


ORDERING INFORMATION 


Device 

Temperature 

Range 

Description 

Package 

Options* 

AD9300KQ 

0 to + 70°C 

16-Pin Cerdip, Commercial 

Q-16 

AD9300TQ 

-55°Cto + 125°C 

1 6-Pin Cerdip, Military Temperature 

Q-16 

AD9300TE 

-55°Cto + 125°C 

20-Pin LCC, Military Temperature 

E-20A 

AD9300KP 

Oto + 70°C 

20-Pin PLCC, Commercial 

P-20A 


*See Section 14 for package outline information. 
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SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltages (±Vs) ± 16V 

Analog Input Voltage Each Input 

(INi thru IN 4 ) ±3.5V 

Differential Voltage Between Any Two 

Inputs (INj thru IN 4 ) 5V 

Digital Input Voltages (A 0 , A 1# ENABLE) . -0.5V to + 5.5V 


Output Current 

Sinking 6.0mA 

Sourcing 6.0mA 

Operating Temperature Range 

AD9300KQ/KP 0to+70°C 

AD9300TQ/TE -55°Cto + 125°C 

Storage Temperature Range -65°C to + 150°C 

Junction Temperature + 175°C 

Lead Soldering (lOsec) +300°C 


ELECTRICAL CHARACTERISTICS ( ± V s = ± 12V ± 5%; Cl = 10pF; R L = 2kli, unless otherwise noted) 





COMMERCIAL 


MILITARY 





Oto +70°C 


— 55°C to + 125°C 




Test 

AD9300KQ/KP 

Military 

AD9300TQ/TE 


Parameter (Conditions) 

Temp 

Level 

[Min | 

Typ 


Subgroup 2 

[ Min 

Typ 

Max 

Units 

INPUT CHARACTERISTICS 



mmm 








Input Offset Voltage 

1 25°C 

I 


3 

10 

1 


3 

10 

mV 

Input Offset Voltage 

Full 

VI 

H 


14 

2,3 



18 

mV 

Input Offset Voltage Drift 3 

Full 

V 

H 

75 



■ 

.83 


(xV/°C 

Input Bias Current 

+ 25°C 

I 


15 

37 

1 


15 

37 

jxA 

Input Bias Current 

Full 

VI 



55 

2,3 



55 

*tA 

Input Resistance 

+ 25°C 

V 


3.0 



■ 

3.0 


MD 

Input Capacitance 

+ 25°C 

V 


2 




2 


pF 

Input Noise Voltage (dc to 8MHz) 

+ 25°C 

V 


16 




16 


|xV rms 

TRANSFER CHARACTERISTICS 











Voltage Gain 4 

+ 25°C 

I 

0.990 

0.994 


1 

0.990 

0.994 


V/V 

Voltage Gain 4 

Full 

VI 

0.985 



2,3 

0.985 



v/v 

DC Linearity 5 

Gain Tolerance (Vi N = ± IV) 

+ 25°C 

V 






0.01 


% 

dc to 5MHz 

+ 25°C 

I 



0.1 

4 


0.05 

0.1 

dB 

5MHz to 8MHz 

+ 25°C 

I 


0.1 

0.3 

4 


0.1 

0.3 

dB 

Small-Signal Bandwidth 

+ 25°C 

V 


350 




350 


MHz 

(Vim = lOOmVp-p) 

Full Power Bandwidth 6 

+ 25°C 

! 

30 

34 


4 

30 

34 


MHz 

(V IN = 2 V p-p) 

Output Swing 

Full 

VI 

±2 



1,2,3 

±2 



V 

Output Current (Sinking @ = 25°C) 

+ 25°C 

V 


5 




5 


mA 

Output Resistance 

+ 25°C 

III 


9 

15 

12 


9 

15 

n 

DYNAMIC CHARACTERISTICS 











Slew Rate 7 

Settling Time 

+ 25°C 

I 

190 

215 


4 

190 

215 


V/jxs 

(to 0. 1% on ± 2V Output) 

Overshoot 

+ 25°C 

III 


70 

100 

'12 


70 

100 

ns 

ToT-Step 8 

+ 25°C 

V 


<0.1 




<0.1 


% 

To Pulse 9 

+ 25°C 

V 


<10 




<10 


% 

Differential Phase 10 

+ 25°C 

III 


0.05 

0.1 

12 


0.05 

0.1 

0 

Differential Gain 10 

Crosstalk Rejection 

+ 25°C 

III 


0.05 

0.1 

12 


0.05 

0.1 

% 

Three Channels 11 

+ 25°C 

IV 

70 

75 



70 

75 


dB 

One Channel 12 

+ 25°C 

IV 

78(75) 

80 



78(75) 

80 


dB 

SWITCHING CHARACTERISTICS 13 











Ax Input to Channel HIGH Time 14 

+ 25°C 

I 


40 

50 

9 


40 

50 

ns 

(tHIGH) 

Ax Input to Channel LOW Time 15 

+ 25°C 

I 


35 

45 

9 


35 

45 

ns 

(h.ow) 











Enable to Channel ON Time 16 

+ 25°C 

I 


30 

40 

9 


30 

40 

ns 

( 1 on) 

Enable to Channel OFF T ime 1 7 

+ 25°C 

I 


20 

30 

9 


20 

30 

ns 

(*off) 

Switching T ransient 1 8 

+ 25°C 

V 


60 




60 


mV 
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AD9300 





COMMERCIAL 


MILITARY 





Oto 4- 70°C 


— 55°C to 4- 125°C 





AD9300KQ/KP 


AD9300TQ/TE 




Test 




Military 





Parameter (Conditions) 

Temp 

Level 

Min 

1 T yp 

Max 

Subgroup 2 

Min 

1 Typ 1 

Max 

Units 

DIGITAL INPUTS 




■ ■ 


■■1 


■ 



Logic “1” Voltage 

Full 

VI 

2 

■ 



2 



V 

Logic “0” Voltage 

Full 

VI 


■ ■ 

0.8 




0.8 

V 

Logic “1” Current 

Full 

VI 



5 

1,2,3 



5 

p.A 

Logic “0” Current 

Full 

VI 



1 

1,2,3 



1 

M-A 

POWER SUPPLY 











Positive Supply Current ( 4- 12V) 

4-25°C 

I 


13 

16 

1 


13 

16 

mA 

Positive Supply Current ( 4- 12 V) 

Full 

VI 


13 

16 

2,3 


13 

16 

mA 

Negative Supply Current ( - 12V) 

+ 25°C 

I 


12.5 

15 

1 


12.5 

15 

mA 

Negative Supply Current ( - 12 V) 

Full 

VI 


12.5 

16 

2,3 


12.5 

16 

mA 

Power Supply Rejection Ratio 

Full 

VI 

67 

75 


1,2,3 

67 

75 


dB 

(±V S = ± 12V ±5%) 

Power Dissipation ( ± 12 V) 19 

+ 25°C 

V 


306 




306 


mW 


NOTES 

For applications assistance, phone Computer Labs Division at (919) 668-9511 

'Permanent damage may occur if any one absolute maximum rating is exceeded. Functional operation is not implied, 
and device reliability may be impaired by exposure to higher-than-recommended voltages for extended periods of time. 

2 Military Subgroups apply to military-qualified devices only. 

3 Measured at extremes of temperature range. 

4 Measured as slope of V 0 ut versus V IN with Vj N = ± IV. 

5 Measured as worst deviation from end-point fit with V IN = ± IV. 

6 Full Power Bandwith (FPBW) based on Slew Rate (SR). FPBW = SR/2 ttV peak 
7 Measured between 20% and 80% transition points of ± IV output. 

8 T-Step = Sin 2 X Step, when Step between 0V and 4-700mV points has 10%-to-90% risetime = 125ns. 

’Measured with a pulse input having slew rate >250V/(xs. 

10 Measured at output between 0.28Vdc and l.OVdc with V IN = 284mV p-p at 3.58MHz and 4.43MHz. 

"This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V p-p signal 
applied to remaining three channels. If selected channel is grounded through 75 ft, value is approximately 6dB higher. 

"This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V p-p signal 
applied to one other channel. If selected channel is grounded through 750, value is approximately 6dB higher. Minimum specification in ( ) applies to DIPs. 
"Consult system timing diagram. 

"Measured from address change to 90% point of -2V to 4-2V output LOW-to-HIGH transition. 

"Measured from address change to 10% point of +2V to -2V output HIGH-to-LOW transition. 

"Measured from 50% transition point of ENABLE input to 90% transition of 0V to - 2V output. 

"Measured from 50% transition point of ENABLE input to 10% transition of +2V to 0V output. 

"Measured while switching between two grounded channels. 

"Maximum power dissipation is a package-dependent parameter related to the following typical thermal impedances: 

16-Pin Ceramic 0 JA = 87°C/W; 0 JC = 25°C/W 
20-Pin LCC 0 JA - 74°C/W; 0 JC = 10°C/W 

Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 

Test Level I 

- 1 00% production tested . 

Test Level II 

- 100% production tested at + 25°C, and sample tested at specified temperatures. 

Test Level III 

- Sample tested only . 

Test Level IV 

- Parameter is guaranteed by design and characterization testing. 

Test Level V 

- Parameter is a typical value only . 

Test Level VI 

- All devices are 100% production tested at + 25°C. 100% production tested at temperature extremes for 
military temperature devices; sample tested at temperature extremes for commercial/industrial 
devices. 



EXPLANATION OF GROUP A MILITARY SUBGROUPS 

Subgroup 1 

- 

Static tests at +25°C. 

(5% PDA calculated against Subgroup 1 for high-rel versions) 

Subgroup 2 

- 

Static tests at maximum rated temperature. 

Subgroup 3 

- 

Static tests at minimum rated temperature. 

Subgroup 4 

- 

Dynamic tests at + 25°C. 

Subgroup 5 

- 

Dynamic tests at maximum rated temperature. 

Subgroup 6 

- 

Dynamic tests at minimum rated temperature. 

Subgroup 7 

- 

Functional tests at + 25°C. 

Subgroup 8 

- 

Functional tests at maximum and minimum rated temperatures. 

Subgroup 9 

- 

Switching tests at +25°C. 

Subgroup 10 

- 

Switching tests at maximum rated temperature. 

Subgroup 1 1 

- 

Switching tests at minimum rated temperature. 

Subgroup 12 

~ 

Periodically sample tested. 
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AD9300 BURN-IN DIAGRAM 


SUGGESTED LAYOUT OF AD9300 PC BOARD 



PIN DESIGNATIONS 
DIP 



LCC 


= O O O 00 
3 2 1 20 19 



17 GROUND RETURN 
16 GROUND 
15 ENABLE 
14 A 0 


(PLCC PINOUTS SAME AS LCC) 


(Bottom View- Not to Scale) 
Component Side Should be Ground Plane 


-v s 


A, 


MET ALIZ ATION PHOTOGRAPH 

IN, IN : , IN 2 IN, 



ENABLE GROUND 
RETURN 


OUTPUT 

BYPASS 


+ V S 


MECHANICAL INFORMATION 


Die Dimensions 84 x 104 x 18 (max) mils 

Pad Dimensions 4x4 (min) mils 

Metalization Aluminum 

Backing None 

Substrate Potential -Vs 

Passivation Oxynitride 

Die Attach Gold Eutectic 

Bond Wire 1.25 mil, Aluminum; Ultrasonic Bonding 

or 1 mil, Gold; Gold Ball Bonding 
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FUNCTIONAL DESCRIPTION 


AD9300 


IN!-IN 4 

GROUND 

Ao 

Ai 

ENABLE 


-V s 
+ V S 

OUTPUT 

BYPASS 

GROUND 

RETURN 


Four analog input channels. 

Analog input shielding grounds, not internally connected. Connect each to 
external low-impedance ground as close to device as possible. 

One of two TTL decode control lines required for channel selection. See 
Logic T ruth T able . 

One of two TTL decode control lines required for channel selection. See 
Logic Truth Table. 

TTL-compatible chip enable. In enabled mode (logic HIGH), output signal 
tracks selected input channel; in disabled mode (logic LOW), output is high 
impedance and no signal appears at output. 

Negative supply voltage; nominally - 10V dc to - 15V dc. 

Positive supply voltage; nominally + 10V dc to + 15V dc. 

Analog output. Tracks selected input channel when enabled. 

Bypass terminal for internal bias line; must be decoupled externally 
to ground through 0. 1 |xF capacitor. 

Analog signal and power supply ground return. 


LOGIC TRUTH TABLE 

ENABLE 

Ai 

Ac 

OUTPUT 

0 

X 

X 

HighZ 

1 

0 

0 

INi 

1 

0 

1 

in 2 

1 

1 

0 

in 3 

1 

1 

1 

in 4 



HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

+ 2V 
GND 
— 2V 


IN, = !IM 4 = -2 VOLTS 
IN 2 = IIM 3 = +2 VOLTS 

AD9300 Timing 


THEORY OF OPERATION 

Refer to the functional block diagram of the AD9300. 

As shown on the drawing, this diagram is based on the pinouts 
of the DIP packaging of the models AD9300KQ and AD9300TQ. 
The AD9300TE is packaged in a 20-pin leadless chip carrier 
(LCC), but the extra pins are used for ground connections; the 
theory of operation remains the same. 

The AD9300 Video Multiplexer allows the user to connect any 
one of four analog input channels (INj - IN 4 ) to the output of 
the device, and to switch between channels at megahertz rates. 

The input channel which is connected to the output is determined 
by a 2-bit TTL digital code applied to A 0 and Ap The selected 
input will not appear at the output unless a digital “1” is also 
applied to the ENABLE input pin; unless the output is enabled, 
it is a high impedance. Necessary combinations to accomplish 
channel selection are shown in the Logic Truth Table. 

Bipolar construction used in the AD9300 insures that the input 
impedance of the device remains high, and will not vary with 
power supply voltages. This characteristic makes the AD9300, 
in effect, a switchable-input buffer. An on-board bias network 
makes the performance of the AD9300 independent of applied 
supply voltages, which can have any nominal value from ± 10V 
dc to ± 15V dc. 


Although the primary application for the AD9300 is the routing 
of video signals, the harmonic and dynamic attributes of the 
device make it appropriate for other applications. The AD9300 
has exceptional performance when switching video signals, but 
can also be used for switching other analog signals requiring 
greater dynamic range and/or precision than those in video. 

As shown in Figure 1, Input and Output Equivalent Circuits, 
each analog input is connected to the base of a bipolar transistor. 
If Channel 1 is selected, a current switch is closed and routes 
current through the input transistor for Channel 1 . 

If Channel 2 is then selected by the digital inputs, the current 
switch for Channel 1 is opened and the current switch for Channel 
2 is closed. This causes current to be routed away from the 
Channel 1 transistor and into the Channel 2 input transistor. 
Whenever a channel’s input device is carrying current, the 
analog input applied to that channel is passed to the output 
stage. 

The operation of the output stage is similar to that of the input 
stages. Whenever the output stage is enabled with a HIGH 
digital “1” signal at the ENABLE pin, the output transistor will 
carry current and pass the selected analog input. 
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+V 8 



INPUT 


+ V S 



+ V S 



-V s 


DIGITAL 


Figure 1. Input and Output Equivalent Circuits 


When the output stage is disabled (by virtue of the ENABLE 
pin being driven LOW with a digital “0”), the output current 
switch is opened. This routes the current to other circuits within 
the AD9300 which keep the output transistor biased “off’. 
These circuits require approximately 1 (jlA of bias current from 
the load connected to the output of the multiplexer. In the 
absence of a terminating load and the resulting dc bias, the 
output of the AD9300 “floats” at -2.5V. 

In summary, when the AD9300 is enabled by the ENABLE pin 
being driven HIGH with a digital “1”, the selected analog input 
channel acts as a buffer for the input; and the output of the 
multiplexer is a low impedance. When the AD9300 is disabled 
with a digital “0” LOW signal, the selected channel acts as an 
open switch for the input; and the output of the unit becomes a 
high impedance. This characteristic allows the user to wire-or 
several AD9300 Analog Multiplexers together to form switch 
matrices. 


AD9300 APPLICATIONS 

To ensure optimum performance from circuits using the AD9300, 
it is important to follow a few basic rules which apply to all 
high-speed devices. 

A large, low-impedance ground plane under the AD9300 is 
critical. Generally, GROUND and GROUND RETURN con- 
nections should be connected solidly to this plane. GROUND 
pin connections are signal isolation grounds which are not con- 
nected internally; they can be left unconnected, but there may 
be some degradation in crosstalk rejection. GROUND RETURN, 
on the other hand, serves as the internal ground reference for 
the AD9300 and should be connected to the ground plane without 
exception. 

It is recommended that the AD9300 be soldered directly into 
circuit boards, rather than using socket assemblies. If sockets 
must be used, individual pin sockets are the preferred choice, 
rather than a socket assembly. A second requirement for proper 
high-speed design involves decoupling the power supply and 
internal bias supply lines from ground to improve noise immunity. 
Chip capacitors are recommended for connecting 0.1 |xF and 
0.0i|xF capacitors between ground and the ± V s supplies 
(Pins 9 and 14), and the BYPASS connection (Pin 15). 

The output stage of the unit is capable of driving a 2kH||10pF 
load. Larger capacative loads may limit full power bandwidth 
and increase t 0 FF (the interval between the 50% point of the 
ENABLE high-to-low transition and the instant the output 
becomes a high impedance.) 

For applications such as driving cables (See Figure 2), output 
buffers are recommended. 



Figure 2. 4x1 AD9300 Multiplexer with Buffered Output 
Driving 750 Coaxial Cable 
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AD9300 



FREQUENCY-MHz 

Figure 3. Harmonic Distortion vs. Frequency 



INPUT FREQUENCY -MHz 


Figure 4. Output vs. Frequency 



FREQUENCY-MHz 

Figure 5. Crosstalk vs. Frequency 



Figure 6. Test Circuit for Harmonic Distortion , Pulse 
Response, T-Step Response and Disable Characteristics 



Figure 7. Crosstalk Rejection Test Circuit 



Figure 8. Pulse Response Figure 9. T-Step Response Figure 10. Enable to Channel 

"Off" Response 
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CROSSPOINT CIRCUIT APPLICATIONS 

Four AD9300 multiplexers can be used to implement an 8 x 2 
crosspoint, as shown in Figure 11. The circuit is modular in 
concept, with each pair of multiplexers (#1 and #2; #3 and 
#4) forming an 8 x 1 crosspoint. When the inputs to all four 
units are connected as shown, the result is an 8 x 2 crosspoint 
circuit. 


D 2 


Do 

OUT! 

or 

or 

or 

or 

d 5 

d 4 

d 3 

out 2 

0 

0 

0 

Si 

0 

0 

1 

s 2 

0 

1 

0 

S3 

0 

1 

1 

s 4 

1 

0 

0 

S5 

1 

0 

1 

S6 

1 

1 

0 

S7 

1 

1 

1 

S 8 


8 x 2 Crosspoint Truth Table 


The truth table describes the relationships among the digital 
inputs (D 0 - D 5 ) and the analog inputs (Si - Sg); and which 
signal input is selected at the outputs (OUTi and OUT 2 ). The 
number of crosspoint modules that can be connected in parallel 
is limited by the drive capabilities of the input signal sources. 
High input impedance (3Mfl) and low input capacitance (2pF) 
of the AD9300 help minimize this limitation. 

Adding to the number of inputs applied to each crosspoint 
module is simply a matter of adding AD9300 multiplexers in 
parallel to the module. Eight devices connected in parallel result 
in a 32 x 1 crosspoint which can be used with input signals 
having 30MHz bandwidth and IV peak-to-peak amplitude. 

Even more AD9300 units can be added if input signal amplitude 
and/or bandwidth are reduced; if they are not, distortion of the 
output signals can result. 

When an AD9300 is enabled, its low output impedance causes 
the “off’ isolation of disabled parallel devices to be greater than 
the crosstalk rejection of a single unit. 



8X2 SIGNAL CROSSPOINT USING FOUR AD9300 MULTIPLEXERS 


Figure 11. 8x2 Signal Crosspoint Using FourAD9300 
Multiplexers 
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ANALOG 

DEVICES 


CMOS 

Quad SPST Switches 



FEATURES 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Ron (6011) 

Low Leakage (0.5nA) 

Extended Plastic Temperature Range 
( — 40°C to + 85°C) 

Low Power Dissipation (33mW) 
Standard 16-Pin Dips and 20-Terminal 
Surface Mount Packages 
Superior Second Source: 

ADG201A Replaces DG201A, HI-201 
ADG202A Replaces DG202 


ADG201A/ADG202A FUNCTIONAL BLOCK DIAGRAM 

ADG201A ADG202A 



SWITCHES SHOWN FOR A LOGIC "1" INPUT 


GENERAL DESCRIPTION 

The ADG201A and ADG202A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC 2 MOS process which gives an in- 
creased signal handling capability of ± 15V. These switches also 
feature high switching speeds and low Ron- 

The ADG201A and ADG202A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. All 
devices exhibit break before make switching action. Inherent in 
the design is low charge injection for minimum transients when 
switching the digital inputs. 

ORDERING INFORMATION 1 


Temperature Range and Package Options 2 ’ 3 


— 40°C to + 85°C 

— 40°C to +85°C 

— 55°C to 4- 125°C 

Plastic DIP (N-16) 

ADG201AKN 

ADG202AKN 

Hermetic (Q-16) 

ADG201ABQ 

ADG202ABQ 

Hermetic (Q-16) 

ADG201ATQ 

ADG202ATQ 

PLCC 4 (P-20A) 

ADG201AKP 

ADG202AKP 


LCCC 5 (E-20A) 

ADG201ATE 

ADG202ATE 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add/883B to part 
number. See Analog Devices Military Products Data Book (1987) for 
military data sheet. 

2 See Section 14 for package outline information. 

3 Also available in SOIC packages (ADG201AKR, ADG202AKR) 
4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 


PRODUCT HIGHLIGHTS 

1. Extended Signal Range: 

These switches are fabricated on an enhanced LC 2 MOS 
process, resulting in high breakdown and an increased analog 
signal range of ± 15V. 

2. Single Supply Operation: 

For applications where the analog signal is unipolar (OV to 
15V), the switches can be operated from a single + 15V 
supply. 

3. Low Leakage: 

Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 
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SPECIFICATIONS 


(Vdd = + 15 V, Vss = — 15 V, unless otherwise noted) 



K Version 

B Version 

T Version 




— 40°C to 


— 40°C to 


- 55°C to 



Parameter 

25°C + 85°C 

25°C 

+ 85°C 

25°C 

+ 125°C 

Units 

Test Conditions 

ANALOG SWITCH 








Analog Signal Range 

±15 ±15 

±15 

±15 

±15 

±15 

Volts 


Ron 

60 

60 


60 


Dtyp 

- 10VssV s =s + 10V 


90 145 

90 

145 

90 

145 

O max 

Ids = 1.0mA 

Test Circuit 1 

RonVs.V d (Vs) 

20 

20 


20 


% typ 


Ron Drift 

0.5 

0.5 


0.5 


%/°C typ 


Ron Match 

5 

5 


5 


% typ 

V s = 0V, I DS = 1mA 

Is (OFF) 

0.5 

0.5 


rgm 


nA typ 

V D = ± 14V; V s + 14V; Test Circuit 2 

OFF Input Leakage 

2 100 

2 

100 


100 

nA max 


Id (OFF) 

0.5 

0.5 


■npjp 


nAtyp 

V D = ± 14V; Vs = + 14V; Test Circuit 2 

OFF Output Leakage 

2 100 

2 

100 

1 

100 

nA max 


Id (ON) 

0.5 

0.5 




nA typ 

V D = ± 14V; Test Circuit 3 

ON Channel Leakage 

2 200 

2 


1 

200 

nA max 


DIGITAL CONTROL 








Vinh> Input High Voltage 

2.4 


2.4 


2.4 

Vmin 


Vin L , Input Low Voltage 

0.8 


0.8 


0.8 

V max 


IlNL OrllNH 

1 


1 


1 

p.A max 


DYNAMIC CHARACTERISTICS 








toPEN 

30 

30 


30 


ns typ 


tON 1 

300 

300 


300 


ns max 

Test Circuit 4 

tOFF 1 

250 

250 


250 


ns max 

Test Circuit 4 

OFF Isolation 

80 

80 


80 


dBtyp 

V s = 10V(p-p); f = 100kHz 

R l = 75 fl; Test Circuit 6 

Channel-to-Channel Crosstalk 

80 

80 


80 


dB typ 

Test Circuit 7 

Cs(OFF) 

5 

5 


5 


pF typ 


C D (OFF) 

5 

5 


5 


pFtyp 


Cdj C s (ON) 

16 

16 


16 


pFtyp 


Cin Digital Input Capacitance 

5 

5 


5 


pF typ 


Qinj Charge Injection 

20 

20 


20 


pCtyp 

R s = 0CI; C L = lOOOpF; V s = 0V 

Test Circuit 5 

POWER SUPPLY 








Idd 

0.6 

0.6 


0.6 


mA typ 

Digital Inputs = V ini. or V i N h 

Idd 

2 


2 


2 

mA max 


Iss 

0.1 

0.1 


0.1 


mA typ 


Iss 

0.2 


0.2 


0.2 

mA max 


Power Dissipation 

33 


33 


33 

mW max 



NOTES 

1 Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 


PIN CONFIGURATIONS 
DIP 



LCCC 

5 I Z i Q 


3 2 1 20 19 



O 1 Z Z Q 
NC = NO CONNECT 


PLCC 

r- 5 O ^ (SI 

Q — Z = Q 

mmmRR 


18] S2 

53 

uTj NC 

53 NC 

u] S3 

S Z 2 Z S 
NC = NO CONNECT ” 




SI [T 

Vss (T 

NC [T 
GND [T 
S4 |~B~ 


ADG201A 
ADG202A 
TOP VIEW 
(Not to Scale) 
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ADG201 A/ADG202A 


ABSOLUTE MAXIMUM RATINGS* 

(T a = + 25°C unless otherwise stated) 


V DD to V ss 44V 

V DD to GND 25V 

VsstoGND -25 V 

Analog Inputs 1 

Voltage at S, D Vss -0.3V to 

V D d +0.3V 

Continuous Current, S or D 30mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 70mA 

Digital Inputs 1 

Voltage at IN Vss — 2V to 

V DD + 2V or 


20mA, Whichever Occurs First 


Power Dissipation (Any Package) 

Up to + 75°C 470mW 

Derates above + 75°Cby 6mW/°C 

Operating Temperature 

Commercial (K Version) - 40°C to + 85°C 

Industrial (B Version) - 40°C to + 85°C 

Extended (T Version) - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering lOsec) + 300°C 


NOTE 

1 Overvoltage at IN, S or D will be clamped by diodes . Current should be 
limited to the Maximum Rating above. 


♦COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may be applied at 
any one time. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



Typical Performance Characteristics and Test Circuits 

The switches are guaranteed functional with reduced single or dual supplies down to 4.5V. 



-20 -15 -10 - 5 0 + 5 +10 +15 + 20 

Vo (V s ) - Volts 


Ron as a Function of V D (V s ): Dual Supply Voltage 



-20 -15 -10 -5 0 +5 +10 +15 +20 

V D (V s ) - Volts 

Ron as a Function of V D (V s ): Single Supply Voltage 


1mA 




Test Circuit 2 
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Typical Performance Characteristics and Test Circuits Cont’d 



25 35 45 55 65 75 85 95 105 115 125 

► Test Circuit 3 

TEMPERATURE - °C 


Leakage Current as a Function of Temperature (Note: 

Leakage Currents Reduce as the Supply Voltages Reduce) 

+ 15V 3V 



Test Circuit 4 


+ 15V 




Test Circuit 5. Charge Injection 



Test Circuit 6. Off Isolation 


Test Circuit 7. Channel to Channel Isolation 
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ANALOG 

DEVICES 


LC 2 M0S 

High Speed, Quad SPST Switch 


ADG201HS 


FEATURES 

50ns max Switching Time Over Full Temperature 
Range 

Low Ron (30fl typ) 

Single Supply Specifications for + 10.8V to 
4- 16.5V Operation 

Extended Plastic Temperature Range 
( — 40°C to + 85°C) 

Break-Before-Make Switching 
Low Leakage (lOOpA typ) 

44V Supply max Rating 
ADG201HS (K,B,T) Replaces HI-201 HS 
ADG201HS (J,A,S) Replaces DG271 


GENERAL DESCRIPTION 

The ADG201HS is a monolithic CMOS device comprising four 
independently selectable SPST switches. It is designed on an 
enhanced LC 2 MOS process which gives very fast switching 
speeds and low Ron- 

The switches also feature break-before-make switching action 
for use in multiplexer applications and low charge injection for 
minimum transients on the output when switching the digital 
inputs. 

ORDERING INFORMATION 1 


Temperature Range and Package Options 2, 3 


— 40°C to 

— 40°C to 

— 55°C to 

+ 85°C 

+ 85°C 

+ 125°C 

Plastic DIP (N-16) 

Hermetic (Q-I6) 

Hermetic (Q-16) 

ADG201HSJN 

ADG201HSAQ 

ADG201HSSQ 

ADG201HSKN 

ADG201HSBQ 

ADG201HSTQ 

PLCC 4 (P-20 A) 


LCCC 5 (E-20A) 

ADG201HSJP 

ADG201HSKP 


ADG201HSTE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. Contact your local sales office for military data sheet. For U.S. 
Standard Military Drawing (SMD), see DESC drawing 5962-86716. 

2 See Section 14 for package outline information. 

3 Also available in SOIC package (ADG201HSKR). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 


ADG20IHS FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. 50ns max t 0 N and t 0 FF- 

The ADG201HS top grades (K, B, T) have guaranteed 50ns 
max turn-on and turn-off times over the full operating tem- 
perature range. The lower grades (J,A,S) have guaranteed 
75ns switching times over the full operating temperature 
range. 

2. Single Supply Specifications: 

The ADG201HS is fully specified for applications which 
require a single positive power supply in the + 10.8V to 
4- 16.5V range. 

3. Low Leakage: 

Leakage currents in the range of lOOpA make these switches 
suitable for high precision circuits. The added feature of 
break-before-make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 



Switch 

IN 

Condition 

0 

ON 

1 

OFF 


Truth Table 
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SPECIFICATIONS 


(V D0 = + 13.5V to +16.5V,Vss= -13.5V to -16.5V, GND = OV, 

Dual Supply V| N = 3V (Logic High Level) or 0.8V (Logic Low Level) unless otherwise noted) 


Parameter 

Version 

+ 25°C 


Units 

Comments 

ANALOG SWITCH 






Analog Signal Range 

All 

V ss 

Vss 

Vmin 



All 

Vdd 

Vdd 

V max 


Ron 

All 

30 

- 

Htyp 

- lOV^Vs^ + 10V, Ids - 1mA; Test Circuit 1 


All 

50 

75 

ft max 


Ron Drift 

All 

0.5 

- 

%/°C typ 

- 10VssV s ss + 10V, Ids = 1mA 

Ron Match 

All 

3 

- 

% typ 

- IOVssVs^ + 10V, I DS = 1mA 

I s (OFF), Off Input Leakage 2 

All 

0.1 


nA typ 

V D = ± 14V; V s = + 14V; Test Circuit 2 


J,K, A,B 

1 

20 

nAmax 



S,T 

1 

60 

nA max 


I D (OFF), Off Output Leakage 2 

All 

0.1 


nA typ 

V D = ± 14V; V s = + 14V; Test Circuit 2 


J,K, A,B 

1 

20 

nA max 



S,T 

1 

60 

nA max 


I D (ON), On Channel Leakage 2 

All 

0.1 


nA typ 

V D = ± 14V ; Test Circuit 3 


J, K, A, B 

1 

20 

nA max 



S,T 

1 

60 

nA max 


DIGITAL CONTROL 






Vinhj Input High Voltage 

All 

2.4 

2.4 

V min 


V IN l, Input Low Voltage 

All 

0.8 

0.8 

V max 


IlNLOrliMH 

All 

1 

1 

|aA max 


Qn 

All 

8 

8 

pF max 


DYNAMIC CHARACTERISTICS 






l ON 

K,B,T 

50 

50 

ns max 

Test Circuit 4 

Jj A,S 

75 

75 

ns max 


tOFFI 

K,B,T 

50 

50 

ns max 

Test Circuit 4 

J, A, S 

75 

75 

ns max 


l OFF2 

All 

150 

- 

ns typ 

Test Circuit 4 

toPEN 

All 

5 

5 

ns typ 

toN*-toFFi > Test Circuit 4 

Output Settling Time to 0. 1% 

All 

180 

- 

ns typ 

Vin = 3 V to 0 V; Test Circuit 4 

OFF Isolation 

All 

72 

~ 

dB typ 

V s = 3V rms, f = 100kHz, R L = lkft ; 

C L = lOpF; Test Circuit 5 

Channel-to-Channel Crosstalk 

All 

86 

- 

dB typ 

V s = 3V rms, f = 100kHz, R L = lk ft; 

C L = 10pF ; Test Circuit 6 

Qinj, Charge Injection 

All 

10 

- 

pCtyp 

R s = OO , V s = 0 V ; Test Circuit 7 

Cs(OFF) 

All 

10 

- 

pF typ 


C D (OFF) 

All 

10 

- 

pF typ 


C d ,C s (ON) 

All 

30 

- 

pF typ 


Cds(OFF) 

All 

0.5 

- 

pF typ 


POWER SUPPLY 






Idd 

All 

10 

10 

mA max 


Iss 

All 

6 

6 

mA max 


Power Dissipation 

All 

240 

240 

mW max 

V dd = + 15V, V ss = -15 V 


NOTES 

'Temperature ranges are as follows: ADG201HSJ, K; - 40°C to + 85°C 
ADG201HSA, B; - 40°C to + 85°C 
ADG201HSS,T; -55°Cto + 125°C 

2 Leakage specifications apply with a V D (V$)of ± 14V or with a V D (V s )of 0.5V within the supply voltages (V DD , V$s)> whichever is the minimum. 
Specifications subject to change without notice. 
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ADG201HS 


Single Supply (Vdo = + 10.8V to + 16.5V, Vss = GND = 0V, V IN = 3V [Logic High Level] or 0.8V [Logic Low Level] unless otherwise noted) 


Parameter 

Version 

+ 25°C 

PH 

Units 

Comments 

ANALOG SWITCH 






Analog Signal Range 

All 

Vss 

V ss 

Vmin 



All 

Vdd 

Vdd 

V max 


Ron 

All 

65 

- 

D typ 

0Vs£Vs*£ + 10V, Ids^ 1mA; Test Circuit 1 


All 

90 

120 

Omax 


Ron Drift 

All 

0.5 

- 

%/°C typ 

0V<V s s£ + 10V,I D s=lmA 

Ron Match 

All 

3 

- 

% typ 

0Vs£Vs*£+10V,I D s=lniA 

I s (OFF), Off Input Leakage 1 

All 

0.1 


nA typ 

V D = + 10V/ + 0.5V;V s = + 0.5 V/ + 10V; Test Circuit 2 


J,K,A,B 

1 

20 

nA max 



S,T 

1 

60 

nA max 


Id (OFF), Off Output Leakage 1 

Ail 

0.1 


nA typ 

V D = + 10V/ + 0.5V;V S = + 0.5V/+10V; Test Circuit 2 


J,k,a,b 

1 

20 

nA max 



S,T 

1 

60 

nA max 


I D (ON), On Channel Leakage 1 

All 

0.1 


nA typ 

V D = + 10V/ + 0.5V;TestCircuit3 


J, K, A, B 

1 

20 

nAmax 



S,T 

1 

60 

nA max 


DIGITAL CONTROL 






Vinh> Input High Voltage 

All 

2.4 

2.4 

V min 


Vinl> Input Low Voltage 

All 

0.8 

0.8 

Vmax 


IiNi.or Ii NH 

All 

1 

1 

fxA max 


Qn 

All 

8 

8 

pF max 


DYNAMIC CHARACTERISTICS 






l ON 

K,B,T 

50 

70 

ns max 

Test Circuit 4 


J, A,S 

75 

90 

ns max 


l OFFl 

K,B,T 

50 

70 

ns max 

Test Circuit 4 


J, A,S 

75 

90 

ns max 


r OFF2 

All 

150 

- 

ns typ 

Test Circuit 4 

tOPEN 

All 

5 

5 

ns typ 

toN-toFFi J Test Circuit 4 

Output Settling Time to 0.1% 

All 

180 

- 

ns typ 

Vin = 3V to 0V; Test Circuit 4 

OFF Isolation 

All 

72 

- 

dBtyp 

V s = 3V rms, f = 100kHz, R L = lkD; 

Cl = 1 OpF ; T est Circuit 5 

Channel-to-Channel Crosstalk 

All 

86 

- 

dB typ 

V s = 3V rms, f = 100kHz, R L = lk H; 

Cl = 10pF; Test Circuit 6 

Qi N j, Charge Injection 

All 

10 

- 

pC typ 

R s = OH, V s = 0V; Test Circuit 7 

Cs(OFF) 

All 

10 

- 

pF typ 


Cd(OFF) 

All 

10 

- 

pF typ 


C d ,C s (ON) 

All 

30 

- 

pF typ 


Cds(OFF) 

All 

0.5 

- 

pF typ 


POWER SUPPLY 






Idd 

All 

10 

10 

mA max 


Power Dissipation 

All 

150 

150 

mW max 

V dd = + 15V 


NOTE 

'The leakage specifications degrade marginaUy (typically lnAat25°C)with V D (V S ) = V ss . 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 

(Ta = 25°G unless otherwise noted) 


Vdd to Vss 44V 

V DD to GND -0.3V, 25V 

VsstoGND 1 + 0.3V, -25V 

Analog Inputs 2 

Voltage at S, D Vss — 2V to 

Vdd 4- 2V or 
20mA, Whichever Occurs First 

Continuous Current, S or D 20mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 70mA 

Digital Inputs 2 

Voltage at IN Vss ~ 4V to 

Vdd +4V or 


20mA, Whichever Occurs First 


Power Dissipation (Any Package) 

Up to +75°C 470mW 

Derates above + 75°C by 6mW/°C 

Operating Temperature 

Commerical (J, K Version) -40°C to +85°C 

Industrial (A, B Version) - 40°C to + 85°C 

Extended (S, T Version) -55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering lOsec) + 300°C 


NOTES 

'If V ss is open circuited with V DD and GND applied, the V ss pin will be pulled 
positive, exceeding the Absolute Maximum Ratings. If this possibility exists, 
a Schottky diode from V S s to GND (cathode end to GND) ensures that the 
Absolute Maximum Ratings will be observed. 

2 Overvoltage at IN, S or D, will be clamped by diodes. Current 
should be limited to the maximum rating above. 


^COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



DIP 



IN2 

D2 

52 
V D d 
NC 

53 
D3 
IN3 


PIN CONFIGURATIONS 
LCCC 


PLCC 


3 2 1 20 19 



NC = NO CONNECT 



NC « NO CONNECT 
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Typical Performance Characteristics -ADG201HS 

The switches are guaranteed functional with reduced single or dual supplies down to 4.5V. 



Ron as a Function of V D (V s ): Dual Supply Voltage 














K 

A 





V DD = + 10.8V 

V ss = 0 

7r 

A 





V DD = + 15V 

V ss = 0 

A 


A 



































-20 -15 -10 -5 0 5 10 15 20 

V D (V s ) - Volts 

Ron as a Function of V D (V s ): Single Supply Voltage , 
T a = +25°C 



5 6 7 8 9 10 11 12 13 14 15 

SUPPLY VOLTAGE - Volts 

Trigger Levels vs. Power Supply Voltage, Dual or Single 
Supply, T a = +25°C 



V D (V s ) - Volts 


Ron as a Function of V D (V s ): Dual Supply Voltage, 
T a = +25°C 



25 35 45 55 65 75 85 95 105 115 125 


TEMPERATURE - °C 

Leakage Current as a Function of Temperature Dual 
Supply Voltage. (Note: Leakage Currents Reduce as 
the Supply Voltages Reduce) 



Off Isolation vs. Signal Frequency; Dual or Single 15V 
Supplies, T a = +25°C 
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Typical Performance Characteristics (Continued) 



SUPPLY VOLTAGE - Volts 

Switching Time vs. Supply Voltage (Dual Supply): 
T a = +25°C. (Note: See Test Circuit 4. 

For V DD <7014 V s = V DD ) 



5 6 7 8 9 10 11 12 13 14 15 

SUPPLY VOLTAGE - Volts 


Switching Time vs. Supply Voltage (Single Supply): 
Ta — + 2B°C (Note: See Test Circuit 4. 

For V DD <10V, V s = V DD ) 



Switching Time vs. Temperature: Dual Supply Voltage 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE - °C 


Switching Time vs. Temperature: Single Supply Voltage 




SOURCE VOLTAGE (V s ) - Volts SOURCE VOLTAGE <V S ) - Volts 

Charge Injection vs. Source Voltage (V s ) for Dual and Charge Injection vs. Source Voltage (V s ) for Dual and 

Single 10.8V Supplies: T A = +25°C Single 15V Supplies: T A = +25°C 
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Test Circuits -ADG201HS 


Note: All digital input signal rise and fall times measured from 10% to 90% of 3V. t R = t F = 5ns. Decoupling capacitors (0.01 jxF 
min) from V DD and V S s to GND are recommended to achieve specified performance. 


TEST CIRCUIT 1 
Ron 


TEST CIRCUIT 2 
Is (OFF), I D (OFF) 


TEST CIRCUIT 3 
Id (ON) 



I — O o.8V 

GND Vss Ron = t 


S D 

I 

L . J?L 

GND V ss 
V Vss 


Vdd 

— — Bfo — — 
I 

IN . 


( AJ l D (ON) 


V ss .] iv D 

V V ss 



TEST CIRCUIT 5 
OFF ISOLATION 


TEST CIRCUIT 4 
toN> toFFj topEN5 SETTLING TIME 


V, N Y 50% 

0V l\ 



V D d 



S d 



1 

« - J 

V l0pF , -| 

V 

GND V ss 

1 


OFF ISOLATION = 
20 x L0G|V s /V o | 


I f 90% i -V- 90% 


TEST CIRCUIT 6 

CHANNEL-TO-CHANNEL CROSSTALK 


S ' 

^DD 

IN _ 

1 

J 


IN 


f 

S q ' 

S N>_ £. 

GND 

V ss 


TEST CIRCUIT 7 
CHARGE INJECTION 


CHANNEL ISOLATION 
20 x L0G|V s /V o | 




“J 

Vdd 

-J 

S ^ D 

4 1 

J r 

,_j 

GND V SS 

V -S 

£ i 


Qinj-C l x AV 0 
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SINGLE SUPPLY DISK DRIVE APPLICATION 

The excellent performance of the ADG201HS with single supply 
operation makes it suitable in applications such as disk drives 
where only positive power supply voltages are normally available. 
The accompanying circuit shows a typical application for the 
ADG201HS in the read/write head switching section of a disk 
drive. The circuit allows data (Os and Is) to be written to and 
read from a disk. The principal advantage offered by the 
ADG201HS is that it retains very fast switching speed with 
single supply operation (see Single Supply Specifications). This 
allows disk drives to run at higher data rates. 


WRITE READ 



SWITCH STATES/FUNCTION 


SWITCH 

NUMBER 

WRITE 

READ 

"0" 

"1" 

1 

OFF 

ON 

OFF 

2 

ON 

OFF 

OFF 

3 

OFF 

OFF 

ON 

4 

OFF 

OFF 

ON 

5 

ON 

ON 

OFF 


ADG201HS in the ReadAA/rite Head Switching Circuit of a 
Disk Drive 
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□ ANALOG LC 2 M0S 

DEVICES Quad SPST Switches 


ADG211A/ADG212A 


FEATURES 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Ron (11511 max) 

Low Leakage (0.5nA typ) 

Single Supply Operation Possible 
Extended Plastic Temperature Range 
( — 40°C to +85°C) 

TTL/CMOS Compatible 
Standard 16-Pin DIPs and 20-Terminal 
PLCC Packages 
Superior Second Source: 

ADG211A Replaces DG211 
ADG212A Replaces DG212 


ADG211A/ADG212A FUNCTIONAL BLOCK DIAGRAMS 
ADG211A ADG212A 



SWITCHES SHOWN FOR A LOGIC "1" INPUT 


GENERAL DESCRIPTION 

The ADG211A and ADG212A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC 2 MOS process which gives an in- 
creased signal handling capability of ± 15V. These switches also 
feature high switching speeds and low Ron- 

The ADG211A and ADG212A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. In 
multiplexer applications, all switches exhibit break-before-make 
switching action when driven simultaneously. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 


ORDERING INFORMATION 


Temperature Range and Package 1, 2 


Plastic DIP (N-16) 

PLCC 3 (P-20 A) 

— 40°C to + 85°C 

— 40°C to + 85°C 

ADG211AKN 

ADG211AKP 

ADG212AKN 

ADG212AKP 


NOTE 

*See Section 14 for package outline information. 

2 Also available in SOIC packages (ADG211AKR, ADG212AKR). 
3 PLCC: Plastic Leaded Chip Carrier. 


PRODUCT HIGHLIGHTS 

1. Extended Signal Range: 

These switches are fabricated on an enhanced LC 2 MOS 
process, resulting in high breakdown and an increased analog 
signal range of ± 15V. 

2. Single Supply Operation: 

For applications where the analog signal is unipolar (OV to 
15V), the switches can be operated from a single -f- 15V 
supply. 

3. Low Leakage: 

Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 


ADG211A 

ADG212A 

SWITCH 

IN 

IN 

CONDITION 

0 

1 

ON 

1 

0 

OFF 


Table /. Truth Table 
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(V DD = + 15V, Vss= -15V, V l = 5V, unless othewise noted) 



K Version 


Parameter 

25°C 

— 40°C to + 85°C 

Units 

Test Conditions 

ANALOG SWITCH 





Analog Signal Range 

±15 

±15 

Volts 


Ron 

115 

175 

Umax 

- lOV^Vs^ + 10V, I D s = 1mA, 

Test Circuit 1 

Ron vs. V D (V S ) 

20 


% typ 


Ron Drift 

0.5 


%/° Ctyp 


Ron Match 

5 


% typ 

V s = 0V, I DS = 1mA 

Is (OFF) 

0.5 


nA typ 

V D = ± 14V; Vs + 14V; Test Circuit 2 

OFF Input Leakage 

5 

100 

nA max 


Id (OFF) 

0.5 


nA typ 

V D = ± 14V; Vs = + 14V; Test Circuit 2 

OFF Output Leakage 

5 

100 

nA max 


Id (ON) 

0.5 


nA typ 

V D = ± 14V; Test Circuit 3 

ON Channel Leakage 

5 

200 

nA max 


DIGITAL CONTROL 





V inh? Input High Voltage 


2.4 

V min 

TTL Compatibility is Independent of Vl 

Vinlj Input Low Voltage 


0.8 

V max 


IinlOI* Iinh 


1 

|xA max 


C IN , Digital Input Capacitance 

5 


pFtyp 


DYNAMIC CHARACTERISTICS 





tOPEN 1 

30 


ns typ 

Test Circuit 4 

tON 1 

600 


ns max 

Test Circuit 5 

tOFF 1 

450 


ns max 

Test Circuit 5 

OFF Isolation 

! 80 

i 


dBtyp 

V s = 10V(p-p);f= 100kHz 

Rl = 75(1; Test Circuit 6 

Channel-to-Channel Crosstalk 

80 


dB typ 

Test Circuit 7 

Cs(OFF) 

5 


pF typ 


C d (OFF) 

5 


pF typ 


C s ,C d (ON) 

16 


pF typ 


Q IN j, Charge Injection 

20 


pCtyp 

R s = 0(1; C L = lOOOpF; V s = 0V 

Test Circuit 8 

POWER SUPPLY 





Idd 

0.6 


mA typ 

Digital Inputs = Vi NL or Vi NH 

Idd 

1 


mA max 


Iss 

0.1 


mA typ 


Iss 

0.2 


mA max 


II 

0.9 


mA max 



NOTE 

1 Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 


PIN CONFIGURATIONS 


DIP 


PLCC 
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ADG21 1A/ADG212A 


ABSOLUTE MAXIMUM RATINGS* 

(T A = 25°C unless otherwise stated) 

Vdd to Vss 44V 

V DD to GND 25V 

VsstoGND -25 V 

V L to GND -0.3V, 25V 

Analog Inputs 1 

Voltage at S, D V ss -0.3V to V DD + 0.3V 

Continuous Current, S or D 30mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 70mA 


Digital Inputs 1 

Voltage at IN V S s -2V to 

Vdp + 2V or 
20mA, Whichever Occurs First 

Power Dissipation (Any Package) 

Up to + 75°C 470mW 

Derates above + 75°C by 6mW/°C 

Operating Temperature -40°Cto+85°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering lOsec) + 300°C 

NOTE 


'Overvoltage at IN, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 


*COMMENT : Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may 
be applied at any one time. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



Typical Performance Characteristics 

The switches can comfortably operate and are TTL compatible anywhere in the 10V 
to 15V single or dual supply range, with only a slight degradation in performance. 
The following graphs show some relevant performance curves. The test circuit is 
given in the following section, “Test Circuits.” 



-20 -15 -10 -5 0 5 10 15 20 

V D (V s ) - VOLTS 

Figure 1. Rqn as a Function of V D (V s ): Dual ± 15 Supplies 



-20 -15 -10 -5 0 5 10 15 20 

V D (V s ) - VOLTS 

Figure 2. R ON as a Function of V D (V s ): Single + 15V Supply 


Test Circuits 

•ds 


-a d- 

— vi — 




s 




❖ 


Ron = V1/I ds 
Test Circuit 1 



Test Circuit 2 Test Circuit 3 
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+5V + 15V 



*BOTH THE BUFFER AIMD INVERTER SHOULD 
HAVE THE SAME PROPAGATION DELAY. 


Test Circuit 4 



Test Circuit 5 



Test Circuit 6. Off Isolation 


Test Circuit 7. Channel-to-Channel Crosstalk 


+ 5 v v dd 



Test Circuit 8. Charge Injection 
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ANALOG 

DEVICES 


CMOS 

Quad SPST Switches 



FEATURES 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Rqn (6011) 

Low Leakage (0.5nA) 

Extended Plastic Temperature Range 
( — 40°C to + 85°C) 

Low Power Dissipation (25.5mW) 
pP, TTL, CMOS Compatible 
Standard 16-Pin DIPs and 20-Terminal 
Surface Mount Packages 
Superior DG221 Replacement 


GENERAL DESCRIPTION 

The ADG221 and ADG222 are monolithic CMOS devices com- 
prising four independently selectable switches. On-chip latches 
facilitate microprocessor interfacing. They are designed on an 
enhanced LC 2 MOS process which gives an increased signal 
handling capability of ± 15V. These switches also feature high 
switching speeds and low Ron- 

The ADG221 and ADG222 consist of four SPST switches. They 
differ only in that the digital control logic is inverted. All devices 
exhibit break before make switching action. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 

ORDERING INFORMATION 1 


Temperature Range and Package Options 2, 3 


— 40°C to + 85°C 

— 40°C to +85°C 

— 55°C to + 125°C 

Plastic DIP (N-16) 

Hermetic (Q-16) 

Hermetic (Q-16) 

ADG221KN 

ADG221BQ 

ADG221TQ 

ADG222KN 

ADG222BQ 

ADG222TQ 

PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

ADG221KP 


ADG221TE 

ADG222KP 


ADG222TE 


ADG22 1/ADG222 FUNCTIONAL BLOCK DIAGRAM 



Digital inputs are latched with a WR signal for microprocessor 
interfacing. A 5V regulated supply is internally generated 
permitting wider tolerances on the supplies without affecting 
the TTL digital input switching levels. 


3. Low Leakage: 

Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 


WR 

ADG221 

IN 

ADG222 

IN 

SWITCH 

CONDITION 

0 

0 

1 

ON 

0 

1 

0 

OFF 

1 

X 

X 

Retains Previous 
Switch Condition 


2. Single Supply Operation: 

For applications where the analog signal is unipolar (OV to 
15V), the switches can be operated from a single + 15V 
supply. 


NOTES 

l To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. See Analog Devices Military Products Data Book (1987) for 
military data sheet. 

2 See Section 14 for package outline information. 

3 Also available in SOIC packages (ADG221KR, ADG222KR). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 


Table!. Truth Table 
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SPECIFICATIONS (Von = +15V,Y SS = -15V, unless otherwise noted) 



K Version 

B Version 

T Version 





— 40°C to 


— 40°C to 


— 55°C to 



Parameter 

25°C 

+ 85°C 

25°C 

+ 85°C 

25°C 

+ 125°C 

Units 

Test Conditions 

ANALOG SWITCH 









Analog Signal Range 

±15 

±15 

±15 

±15 

±15 

±15 

Volts 


Ron 

60 


60 


60 


Otyp 

- lOVssVs^s + 10V 


90 

145 

90 

145 

90 

145 

H max 

Ids = 1 .0mA 

Test Circuit 1 

Ron vs. V D (V S ) 

20 


20 


20 


%typ 


Ron Drift 

0.5 


0.5 


0.5 


%/°C typ 


Ron Match 

5 


5 


5 


% typ 

V s = 0V,I D s=lmA 

Is (OFF) 

0.5 


0.5 




nA typ 

V D = ± 14V; V s + 14V; Test Circuit 2 

OFF Input Leakage 

2 


2 


1 

100 

nA max 


Id (OFF) 

0.5 


0.5 




nA typ 

V D = ± 14V; V s = + 14V; Test Circuit 2 

OFF Output Leakage 

2 


2 


l 

100 

nA max 


Id (ON) 

0.5 






nA typ 

V D = ± 14V; Test Circuit 3 

ON Channel Leakage 

2 


2 

200 

1 

200 

nA max 


DIGITAL CONTROL 









Vinh, Input High Voltage 


2 4 


2.4 


2.4 

V min 


Vini.j Input Low Voltage 


0.8 




0.8 

V max 


Iinl or Iinh 


1 


l 


1 

H-A max 


DYNAMIC CHARACTERISTICS 









tOPEN 

30 


30 


30 


ns typ 


Ion 1 

300 


300 


300 


ns max 

Test Circuit 4 

tOFF 

250 


250 


250 


ns max 

Test Circuit 4 

tw 1 Write Pulse Width 


100 


100 

100 

120 

ns min 


ts 1 Digital Input Setup Time 


100 


100 

100 

120 

ns min 


t H ' Digital Input Hold Time 


20 


20 

20 

20 

ns min 


OFF Isolation 

Rl 

H|| 

80 


II 

■■ 

dB typ 

V s = 10V(p-p);f= 100kHz 

R l = 75 fl; Test Circuit 6 

Channel-to-Channel Crosstalk 



80 



■ 

dB typ 

Test Circuit 7 

Cs(OFF) 

bH 


5 


m 


pF typ 


Cd(OFF) 

am 


5 


EH 


pF typ 


C d ,C s (ON) 

lag 


16 


KB1 


pF typ 


Cin Digital Input Capacitance 

BE 


5 


mm 


pF typ 


Qinj Charge Injection 

20 


20 


20 


pCtyp 

R s = 0D; C L = lOOOpF; V s = 0V 

Test Circuit 5 

POWER SUPPLY 









Idd 

0.6 


0.6 


0.6 


mA typ 

Digital Inputs = V INL or V INH 

Idd 


1.5 


1.5 


1.5 

mA max 


Iss 

0.1 


0.1 


0.1 


mAtyp 


Iss 


0.2 


0.2 


0.2 

mA max 


Power Dissipation 


25.5 


25.5 


25.5 

mW max 



NOTE 

'Sample tested at 25°C to ensure compl iance . 
t ON , t OFF are the same for both IN and WR digital input changes . 
Specifications subject to change without notice. 


PIN CONFIGURATIONS 
DIP 


LCCC 


PLCC 



5 I z i o 


3 2 1 20 19 



18 S2 
17 V DD 
16 NC 
15 WR 
14 S3 


S I g § S 


NC = NO CONNECT 


5 i z 2 S 
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ADG221/ADG222 


ABSOLUTE MAXIMUM RATINGS* 


(T a = + 25°C unless otherwise stated) 

V D DtoVss 44V 

V DD to GND 25V 

VsstoGND -25 V 

Analog Inputs 1 

Voltage at S, D V S s -0.3V to 

V DD + 0.3V 

Continuous Current, S or D 30mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 70mA 

Digital Inputs 1 

Voltage at IN, WR V ss -2V to 

Vdd + 2V or 


20mA, Whichever Occurs First 


Power Dissipation (Any Package) 

Up to + 75°C 470mW 

Derates above + 75°C by 6mW/°C 

Operating Temperature 

Commercial (K Version) - 40°C to + 85°C 

Industrial (B Version) - 40°C to + 85°C 

Extended (T Version) - 55°C to + 125°C 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering lOsec) +300°C 


NOTE 

‘Overvoltage at IN, WR, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 


*COMMENT : Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may be applied at 
any onetime. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



Typical Performance Characteristics and Test Circuits 

The switches are guaranteed functional with reduced single or dual supplies down to 4.5V. 




Vo (V s ) - Volts 

Ron as a Function of V D (V s ): Dual Supply Voltage 



-20 -15 -10 -5 0 +5 +10 +15 +20 

V D (V s ) - Volts 



Test Circuit 2 


Ron as a Function of V D (V s ): Single Supply Voltage 
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Typical Performance Characteristics and Test Circuits Cont'd 



25 35 45 55 65 75 85 95 105 115 125 

TEMPERATURE - °C 


Leakage Current as a Function of Temperature (Note: 
Leakage Currents Reduce as the Supply Voltages 
Reduce) 


+ 15V 



Test Circuit 4 



+ 15V 




Test Circuit 5. Charge Injection 


+ 15V 



ADG22 1 V )N = OV CHANNEL ISOLATION = 

ADG222 V|n = 5V 20 x LOG |V S /V 0 | 


Test Circuit 6. Off Isolation 


Test Circuit 7. Channel to Channel Isolation 
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ANALOG 

CMOS 

U DEVICES 

8/16 Channel Analog Multiplexers 


ADG506A/ADG507A 


FEATURES 

44V Supply Maximum Rating 
V S s to V DO Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges (10.8V to 16.5V) 
Extended Plastic Temperature Range 
( — 40°C to + 85°C) 

Low Power Dissipation (28mW max) 
Low Leakage (20pA typ) 

Superior Alternative to: 

DG506A, HI-506 
DG507A, HI-507 


ADG506A/ADG507A FUNCTIONAL BLOCK DIAGRAM 




GENERAL DESCRIPTION 

The ADG506A and ADG507A are CMOS monolithic analog 
multiplexers with 16 channels and dual 8 channels respectively. 
The ADG506A switches one of 16 inputs to a common output 
depending on the state of four binary addresses and an enable 
input. The ADG507A switches one of 8 differential inputs to a 
common differential output depending on the state of three 
binary addresses and an enable input. Both devices have TTL 
and 5V CMOS logic compatible digital inputs. 

The ADG506A and ADG507A are designed on an enhanced 
LC 2 MOS process which gives an increased signal capability of 
Vss to Vdd and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
10.8V to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low Ron* 

PRODUCT HIGHLIGHTS 

1. Single/Dual Supply Specifications with a Wide Tolerance: 

The devices are specified in the 10.8V to 16.5V range for 
both single and dual supplies. 

2. Extended Signal Range: 

The enhanced LC 2 MOS processing results in a high breakdown 
and an increased analog signal range of Vss to Vdd* 


3. Break-Before-Make Switching: 

Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

4. Low Leakage: 

Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 

ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


— 40°C to 

— 40°C to 

— 55°C to 

+ 85°C 

+ 85°C 

+ 125°C 

Plastic DIP (N-28) 

Hermetic (Q-28) 

Hermetic (Q-28) 

ADG506AKN 

ADG506ABQ 

ADG506ATQ 

ADG507AKN 

ADG507ABQ 

ADG507ATQ 

PLCC 3 (P-28A) 


LCCC 4 (E-28A) 

ADG506AKP 


ADG506ATE 

ADG507AKP 


ADG507ATE 


NOTES 

To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS 

Dual Supply (Vdd= + 10.8V to + 16.5V, Vs = -10.8V to - 16.5V unless otherwise noted) 



ADG506A 

ADG507A 

K Version 

ADG506A 

ADG507A 

B Version 

ADG506A 

ADG507A 

T Version 




— 40°C to 


— 40°Cto 


- 55°C to 



Parameter 

+ 25°C 

+ 85°C 

+ 25°C 

+ 85°C 

+ 25°C 

+ 125°C 

Units 

Comments 

ANALOG SWITCH 









Analog Signal Range 

Vss 

Vss 

Vss 

Vss 

Vss 

V SS 

V min 



V DD 

Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

Vmax 


Ron 

280 


280 


280 


Htyp 

- 10V*£ V s ^ + 10V, Ids = 1mA; Test Circuit 1 


450 

600 

450 

600 

450 

600 

n max 



300 

400 

300 

400 



12 max 

V D d= 15V(± 10%), V ss = - 15V(± 10%) 






300 

400 

ft max 

V D d= 15V(±5%),V ss = -15V(±5%) 

Ron Drift 

0.6 


0.6 


0.6 


%/°C typ 

- 10V S£V S *£ + 10V, Ids = 1mA 

Ron Match 

5 


5 


5 


%typ 

- 10V«V S =£ + 10V, Ids = 1mA 

I s (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nAtyp 

VI = ± 10V, V2 = + 10V; Test Circuit 2 


1 

50 

1 

50 

1 

50 

nA max 


I D (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = ± 10V, V2 = + 10V; Test Circuit 3 

ADG506A 

1 

200 

1 

200 

1 

20ft 

nA max 


ADG507A 

1 

100 

1 

100 

1 

100 

nA max 


I d (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = ± 10V, V2 = + 10V; Test Circuit 4 

ADG506A 

1 

200 

1 

200 

1 

200 

nA max 


ADG507A 

1 

100 

1 

100 

1 

100 

nA max 


Idiff> Differential Off Output 









Leakage (ADG507A only) 


25 


25 


25 

nA max 

V 1 = ± 10V, V2 = + 10V; Test Circuit 5 . 

DIGITAL CONTROL 









Vinh> Input High Voltage 


2.4 


2.4 


2.4 

V min 


Vinl> Input Low Voltage 


0.8 


0.8 


0.8 

V max 


IlNLOfllNH 


1 


1 


1 

pA max 

Vin 311 ■“ 0 to Vdd 

Cim Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 









^TRANSITION 1 

200 


200 


200 


ns typ 

VI = ± 10V, V2 = hP 10V; Test Circuit 6 


300 

400 

300 

400 

300 

400 

ns max 


tOPEN 1 

50 


50 


50 


ns typ 

Test Circuit 7 


25 

10 

25 

10 

25 

10 

ns min 


toN(EN) 1 

200 


200 


200 


ns typ 

Test Circuit 8 


300 

400 

300 

400 

300 

400 

ns max 


tOFF(EN) 1 

200 


200 


200 


ns typ 

Test Circuit 8 


300 

400 

300 

400 

300 

400 

ns max 


OFF Isolation 

68 


68 


68 


dB typ 

V EN = 0.8V, R l = IkH, C L = 15pF, 




50 


50 


dBmin 

V s = 7V rms, f = 100kHz 

Cs(OFF) 

5 


5 


5 


pF typ 

V E n = 0.8V 

C d (OFF) 









ADG506A 

44 


44 


44 


pF typ 

V en = 0.8V 

ADG507A 

22 


22 


22 


pFtyp 


Qinjj Charge Injection 

4 


4 


4 


pCtyp 

R s = 0Q , Vs = 0V ; Test Circuit 9 

POWER SUPPLY 









Idd 

0.6 


0.6 


0.6 


mAtyp 

Vin = VimlotVimh 



1.5 


1.5 


1.5 

mA max 


Iss 

20 


20 


20 


M-A typ 

Vin- V iNLOrVjNH 



0.2 


0.2 


0.2 

mA max 


Power Dissipation 

10 


10 


10 


mW typ 




28 


28 


— i 

mW max 



NOTE 

'Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 
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ADG506A/ADG507A 


Single Supply (V„= + 10.8Vto 1 «. 5 V, Vss = GND = 0 V unless othemise noted) 



ADG506A 

ADG507A 

K Version 

ADG506A 

ADG507A 

B Version 

ADG506A 

ADG507A 

T Version 




— 40°C to 


— 40°C to 


- 55°C to 



Parameter 

+ 25°C 

+ 85°C 

+ 25°C 

+ 85°C 

+ 25°C 

+ 125°C 

Units 

Comments 

ANALOG SWITCH 









Analog Signal Range 

V S s 

Vss 

Vss 

Vss 

Vss 

Vss 

V min 



Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

V D d 

V max 


Ron 

500 


500 


500 


Htyp 

0V<V s ^ + 10V, Ids = 0.5mA; Test Circuit 1 


700 

1000 

700 

1000 

700 

1000 

flmax 


Ron Drift 

0.6 


0.6 


0.6 


%/° Ctyp 

0V *£V S as +10V, I D s = 0.5mA 

Ron Match 

5 


5 


5 


% typ 

0V*=V s =£ + 10V, I DS = 0.5mA 

I s (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nA typ 

VI = + 10V/0V, V2 = 0V/ + 10V; 


1 

50 

1 

50 

1 

50 

nA max 

Test Circuit 2 

I D (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = + 10V/0V,V2 = 0V/+ 10V; 

ADG506A 

1 

200 

1 

200 

1 

200 

nA max 

Test Circuit 3 

ADG507A 

1 

100 

1 

100 

1 

100 

nA max 


I D (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = + 10V/0V,V2 = 0V/+ 10V; 

ADG506A 

1 

200 

1 

200 

1 

200 

nA max 

Test Circuit 4 

ADG507A 

1 

100 

1 

100 

1 

100 

nA max 


Idiff> Differential Off Output 








VI = + 10V/0V, V2 = 0V/ + 10V; 

Leakage (ADG507A only) 


25 


25 


25 

nA max 

Test Circuit 5. 

DIGITAL CONTROL 









Vinh> Input High Voltage 


2.4 


2.4 


2.4 

V min 


Vinl> Input Low Voltage 


0.8 




0.8 

V max 


Iinl or Ijnh 


1 


1 


1 

|aA max 


Cjn Digital Input Capacitance 

8 


8 


8 


pF max 

■■■■HMi R 

DYNAMIC CHARACTERISTICS 









^TRANSITION* 

300 


300 


300 


ns typ 

VI = + 10V/0V, V2 = 0V/ + 10V; Test Circuit 6 


450 

600 

450 

600 

450 

600 

ns max 


tOPEN 1 

50 


50 


50 


ns typ 

Test Circuit 7 


25 

10 

25 

10 

25 

10 

ns min 


toN(EN) 1 

250 


250 


250 


ns typ 

Test Circuit 8 


450 

600 

450 

600 

450 

600 

ns max 


toFF(EN) 1 

250 


250 


250 


ns typ 

Test Circuit 8 


450 

600 

450 

600 

450 

600 

ns max 


OFF Isolation 

68 


68 


68 


dB typ 

V en = 0.8V, R l = lkft, C L = 15pF, 


50 


50 


50 


dB min 

V s = 3.5V rms, f = 100kHz 

Cs(OFF) 

5 


5 


5 


pF typ 

V EN = 0.8 V 

C d (OFF) 







[ 


ADG506A 

44 


44 


44 


pF typ 

Ven = 0.8V 

ADG507A 

22 


22 


22 


pF typ 


Qinjj Charge Injection 

4 


4 


4 


pC typ 

R s = Ofl, V s = 0V; Test Circuit 9 

POWER SUPPLY 









Idd 

0.6 


0.6 


0.6 


mA typ 

ViN = ViNLOrViNH 



1.5 


1.5 


1.5 

mA max 


Power Dissipation 

10 


10 


10 


mW typ 




25 


25 


25 

mW max 



NOTE 

'Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 


TRUTH TABLES 
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ABSOLUTE MAXIMUM RATINGS* 

(Ta = 25°C unless otherwise noted) 


Vdd to V ss 44V 

V DD to GND 25V 

VsstoGND -25 V 

Analog Inputs 1 

Voltage at S, D ....... , V S s -2V to 

V DD + 2V or 
20mA, Whichever Occurs First 

Continuous Current, S or D 20mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 40mA 


Digital Inputs 1 

Voltage at A, EN V S s -4V to 

V DD +.4V or 
20mA, Whichever Occurs First 

Power Dissipation (Any Package) 

Up to +75°C 470mW 

Derates above + 75°C by 6mW/°C 

Operating Temperature 

Commercial (K Version) -40°Cto+85°C 

Industrial (B Version) - 40°C to + 85°C 

Extended (T Version) - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) + 300°C 

NOTE 

'Overvoltage at A, EN, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 


♦COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, peririanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATIONS 


DIP 


LCCC 


PLCC 
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Typical Performance Characteristics — ADG506A/ADG507A 

The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.5V. 



V D { V s ) - Volts V D ( V s ) - Volts 


Ron as a Function of V D (V S ): Dual Supply Voltage, R ON as a Function of V D (V S ): Single Supply Voltage, 

T a = +25°C T a = +25°C 



Leakage Current as a Function of Temperature Trigger Levels vs. Power Supply Voltage, Dual or Single 

(Note: Leakage Currents Reduce as the Supply Voltages Supply, T A = +25°C 

Reduce ) 



SUPPLY VOLTAGE - Volts SUPPLY VOLTAGE - Volts 

t-TRANsmoN vs. Supply Voltage: Dual and Single Supplies, Idd vs. Supply Voltage: Dual or Single Supply, T A = 

T a = +25°C +25°C 

(Note: For V DD and /V ss l < 10V; VI = V DD /V SS , 

V2 = Vss/V DD . See Test Circuit 6) 
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Test Circuits 

Note: All Digital Input Signal Rise and Fall Times Measured from 10% to 90% of 3V. t R = t F = 20ns. 


TEST CIRCUIT 1 

Ron 


TEST CIRCUIT 2 
Is (OFF) 


TEST CIRCUIT 3 
Id (OFF) 



Is (OFF) A 




V 

f DD V S S 



, 

— | 


D 

J 

V2 -= 

- 


L- 

GND 

+ 0.8V 


V ^ 


TEST CIRCUIT 4 
Id (ON) 



V DO Vss 


f= 

-r° o 

D 

F 

T 

1 

“ ° EN 

GND 

+ 0.8V A" 

r <5 


TEST CIRCUIT 5 
Idiff 
Vdd V ss 


Aj Id (OFF) 

t. 



Vdd V S s 

D 


j 

1 

o A\i j* 

T 

" J ° EN 

GND 

- G 


Vdd V ss 

EN I 0.8V 


Idiff = Ida ( OFF) - Iqb ( OFF) 


TEST CIRCUIT 6 

SWITCHING TIME OF MULTIPLEXER, t transition 

Vdd V S s 


■ I ADDRESS 

*50% \ DRIVE (V iN ) 


1 OUTPUT 


i ^9Q% / ; 

— 1 U- -H I— 

^TRANSITION ^TRANSITION 



Vdd V ss 

A3 

SI 

A2 

S2 THRU S15 

A1 

S16 

AO 

ADG506A* 

EN 

D 

GND 


I IMft 35pF 


♦SIMILAR CONNECTION FOR AD507A V 

TEST CIRCUIT 7 

BREAK-BEFORE-MAKE DELAY, Iopen 

Vdd V ss 


ADDRESS 
DRIVE (V IN ) 


Vin LIT) 500 S f A2 



Vdd V S s 


SI 

A3 


A2 

S2 THRU S15 

A1 

S16 

A0 

ADG506A* 

EN 

D 


GND 


OUTPUT 

i Ikft i 35pF 


♦SIMILAR CONNECTION FOR AD507A 
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ADG506A/ADG507A 


TEST CIRCUIT 8 

ENABLE DELAY, to N (EN), Ioff (EN) 

V DD V ss 



•SIMILAR CONNECTION FOR AD507A 



SINGLE SUPPLY AUTOMOTIVE APPLICATION 
The excellent performance of the multiplexers under single 
supply conditions makes the ADG506A/ADG507A suitable in 
applications, such as automotive and disc drives, where only 
positive power supply voltages are normally available. The fol- 
lowing application circuit shows the ADG507A connected as an 
8-channel differential multiplexer in an automotive, data acquis- 
ition application circuit. 


The AD7580 is a 10-bit successive approximation ADC which 
has an on-chip sample-hold amplifier and provides a conversion 
result in 20|xs. The ADC has a differential analog inputs and is 
configured in the application circuit for a span of 2.5V over a 
common-mode range 0 to + 5V. Wider common-mode ranges 
can be accomodated. See the AD7579/AD7580 data sheet for 
more details. The complete system operates from + 12V (± 10%) 
and + 5V supplies. The analog input signals to the ADG507A 
contain information such as temperature, pressure, speed etc. 



ADG507A in a Single Supply Automotive Data Acquisition 
Application. 
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TERMINOLOGY 


Ron Ohmic resistance between terminals D and S 

Ron Match Difference between the Ron of any two channels 
Ron Drift Change in Ron versus temperature 
I s (OFF) Source terminal leakage current when the switch 
is off 

I D (OFF) Drain terminal leakage current when the switch 
is off 

Id (ON) Leakage current that flows from the closed switch 
into the body 

Vs (Vd) Analog voltage on terminal S or D 
Cs (OFF) Channel input capacitance for “OFF” condition 
C D (OFF) Channel output capacitance for “OFF” 

condition 

Qn Digital input capacitance 

toN (EN) Delay time between the 50% and 90% points of 
the digital input and switch “ON” condition 


toFF (EN) Delay time between the 50% and 10% points of 
the digital input and switch “OFF” condition 
^transition Delay time between the 50% and 90% points of 
the digital inputs and switch “ON” condition 
when switching from one address state to 
another 


tOPEN 

“OFF” time measured between 50% points of 
both switches when switching from one address 
state to another 

Vjnl 

Maximum input voltage for Logic “0” 

V IN h 

Minimum input voltage for Logic “1” 

Iinl (Iinh) 

Input current of the digital input 

Vdd 

Most positive voltage supply 

V ss 

Most negative voltage supply 

Idd 

Positive supply current 

Iss 

Negative supply current 
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ANALOG 

DEVICES 


CMOS 

4/8 Channel Analog Multiplexers 


ADG508A/ADG509A 


FEATURES 

44V Supply Maximum Rating 
Vss to V DD Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges {10.8V to 16.5V) 
Extended Plastic Temperature Range 
{ — 40°C to +85°C) 

Low Power Dissipation (28mW max) 
Low Leakage (20pA typ) 

Superior Alternative to: 

DG508A, HI-508 
DG509A, HI-509 


ADG508A/ADG509A FUNCTIONAL BLOCK DIAGRAMS 




GENERAL DESCRIPTION 

The ADG508A and ADG509A are CMOS monolithic analog 
multiplexers with 8 channels and dual 4 channels respectively. 
The ADG508A switches one of 8 inputs to a common output 
depending on the state of three binary addresses and an enable 
input. The ADG509A switches one of 4 differential inputs to a 
common differential output depending on the state of two binary 
addresses and an enable input. Both devices have TTL and 5V 
CMOS logic compatible digital inputs. 

The ADG508A and ADG509A are designed on an enhanced 
LC 2 MOS process which gives an increased signal capability of 
Vss to V D d and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
10.8V to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low Ron- 


PRODUCT HIGHLIGHTS 

1. Single/Dual Supply Specifications with a Wide Tolerance: 

The devices are specified in the 10.8V to 16.5V range for 
both single and dual supplies. 

2. Extended Signal Range: 

The enhanced LC 2 MOS processing results in a high breakdown 
and an increased analog signal range of V S s to V DD . 

3. Break-Before-Make Switching: 

Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

4. Low Leakage: 

Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 


ORDERING INFORMATION 1 


Temperature Range and Package Options 2 ’ 3 


— 40°C to 

— 40°C to 

— 55°C to 

+ 85°C 

+ 85°C 

+ 125°C 

Plastic DIP (N-16) 

Hermetic (Q-16) 

Hermetic (Q-16) 

ADG508AKN 

ADG508ABQ 

ADG508ATQ 

ADG509AKN 

ADG509ABQ 

ADG509ATQ 

PLCC 4 (P-20A) 


LCCC 5 (E-20A) 

ADG508AKP 


ADG508ATE 

ADG509AKP 


ADG509ATE 


NOTES 

‘To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard Military 
Drawing (SMD), see DESC drawing #5962-77052. 

2 See Section 14 for package outline information. 

3 Also available in SOIC packages (ADG508AKR, ADG509AKR). 

4 PLCC: Plastic Leaded Chip Carrier. 

5 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS 


Dual Supply (V M = +10.8Vto + 16.5V, Vss = -10.8V to -16.5V unless otherwise noted) 



ADG508A 

ADG509A 

K Version 

ADG508A 

ADG509A 

B Version 

ADG508A 

ADG509A 

T Version 

■ 




-40°Cto 


— 40°C to 


- 55°C to 



Parameter 

+ 25°C 

+ 85°C 

25°C 

+ 85°C 

+ 25°C 

+ 125°C 

Units 

Comments 

ANALOG SWITCH 









Analog Signal Range 

Vss 

V SS 

Vss 

Vss 

V SS 

Vss 

V min 



Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

V max 


Ron 

280 


280 


280 


Htyp 

- 10V*sVs*£ + 10V, Ids = 1mA 


450 

600 

450 




f] max 



300 

400 

300 




fl max 

Vdd= 15V( ± 10%), V ss = - 15V( ± 10%) 






300 

400 

H max 

Vdd = 15V(± 5%), V ss = -1 5 V( ± 5%) 

Ron Drift 

0.6 


0.6 


0.6 


%/°C typ 

Vs = 0, Ids = 1mA 

Ron Match 

5 


5 


5 


% typ 

- 10V*sV s *s + 10V, Ids = 1mA 

I s (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nAtyp 

V s , = ± 10V, V D = V S2 to V SN = + 10V 


1 

50 

1 

50 

1 

50 

nA max 


Id (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nAtyp 

VsitoV S N=±10V,V D =+10V 

ADG508A 

1 

100 

1 

100 

1 

100 

nA max 


ADG509A 

1 

50 

1 

50 

1 

50 

nAmax 


Id (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nAtyp 

Vs, to Vskt = ± 1 ov, V~. = Vs: = = I0V 

ADG508A 

1 

100 

i 

100 

1 

100 

nAmax 


ADG509A 

1 

50 

l 

50 

1 

50 

nAmax 


Idiff> Differential Off Output 









Leakage (ADG509A only) 


25 


25 


25 

nAmax 

Vsia/b to Vs4a/b ~ ± 10V,Vda = V db = + 10V 

DIGITAL CONTROL 









Vinhj Input High Voltage 


2.4 


2.4 


2.4 

Vmin 


Vinlj Input Low Voltage 


0.8 


0.8 


0.8 

Vmax 


IlNLOrliNH 


1 


1 


1 

IxAmax 

Vi N = 0to V D d 

Cin Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 









^-TRANSITION* 

200 


200 


200 


ns typ 

R l = IMG, Cl = 35pF 


300 

400 

300 

400 

300 

400 

ns max 


tOPEN* 

50 


50 


50 


ns typ 

R l = lkfl, Cl = 35pF 


25 

10 

25 

10 

25 

10 

ns min 


toN(EN) 1 

200 


200 


200 


ns typ 

R l = lkD, Cl = 35pF 


300 

400 

300 

400 

300 

400 

ns max 


Ioff(EN ) 1 

200 


200 


200 


ns typ 

R l = lkft, C L = 35pF 


300 

400 

300 

400 

300 

400 

ns max 


OFF Isolation 

68 


68 


68 


dB typ 

V EN = 0.8 V, R l = lkG, C L = 15pF, 


50 


50 


50 


dBmin 

Vs = 7V rms, f = 100kHz 

Cs(OFF) 

5 


5 


5 


pF typ 

V en = 0.8V 

C D (OFF) 









ADG508A 

22 


22 


22 


pF typ 

V en = 0.8V 

ADG509A 

11 


11 


11 

1 

pFtyp 


Qinjj Charge Injection 

4 


4 


4 

l 

pC typ 

R s = OH, C L = lOOOpF, V s = OV 

POWER SUPPLY 






i 



Idd 

0.6 


0.6 


0.6 

1 

mAtyp 

ViN = Vi NL orV INH 



1.5 


1.5 


1.5 

mA max 


Iss 

20 


20 


20 


pAtyp 

ViN=Vi N LorVi NH 



0.2 


0.2 


0.2 

mA max 


Power Dissipation 

10 


10 


10 


mW typ 




28 


28 


28 

mW max 



NOTE 

'Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 
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Single Supply (Vod = + 10.8V to + 16.5V, Vss = GND = OV unless otherwise noted) 


ADG508A/ADG509A 



ADG508A 

ADG508A 

ADG508A 




ADG509A 

ADG509A 

ADG509A 




K Version 

B Version 

T Version 





— 40°C to 


— 40°C to 


— 55°C to 



Parameter 

+ 25°C 

+ 85°C 

+ 25°C 

•f 85°C 

+ 25°C 

+ 125°C 

Units 

Comments 

ANALOG SWITCH 









Analog Signal Range 

GND 

GND 

GND 

GND 

GND 

GND 

V min 



Vdd 

Vdd 

V DD 

V DD 

Vdd 

V DD 

V max 


Ron 

500 


500 


500 


Dtyp 

GND<V S < + 10V, Ids = 0.5mA 


700 

1000 

700 

1000 

700 

1000 

Umax 


Ron Drift 

0.6 


0.6 


0.6 


%/°C typ 

Vs = 0, Ids ~ 0.5mA 

Ron Match 

5 


5 


5 


% typ 

GND<V S < + 10V, I DS = 0.5mA 

I s (OFF), Off Input Leakage 

0.02 

1 

50 

0.02 

1 

50 

0.02 

1 

50 

nAtyp 
nA max 

V s , = + 10V/GND, V D = V S2 to V SN = GND/ + 10V 

I D (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nAtyp 

V s , to V SN = + 10V/GND, V D = GND/ + 10V 

ADG508A 

1 

100 

1 

100 

1 

100 

nA max 

ADG509A 

1 

50 

1 

50 

1 

50 

nA max 


I D (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nA typ 

V S 2 to V sn = + 10V/GND, V D = V S 1 = GND/+ 10V 

ADG508A 

1 

100 

1 

100 

1 

100 

nA max 


ADG509A 

Idiffj Differential Off Output 

1 

50 

1 

50 

1 

50 

nA max 

i 

Vs,a/b to V S4A/B = + 10V/GND, Vda = V DB = GND/ + 10V 

Leakage (ADG509A only) 


25 


25 


25 

nA max ' 


DIGITAL CONTROL 







I 


Vinhj Input High Voltage 


2.4 


2.4 


2.4 

Vmin 


VinL) Input Low Voltage 


0.8 


0.8 


0.8 

Vmax 


IiNLor tiNH 


1 


1 


1 

pA max 

Vin = 0 to V dd 

Ci N Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 









^•TRANSITION 

300 


300 


300 


ns typ 

R l = IMG, C L = 35pF 


450 

600 

450 

600 

450 

600 

ns max 


toPEN 1 

50 


50 


50 


ns typ 

R L =lkO,C L = 35pF 


25 

10 

25 

10 

25 

10 

ns min 


toN(EN) 1 

250 


250 


250 


ns typ 

R L =lkO,C L = 35pF 


450 

600 

450 

600 

450 

600 

ns max 


toFF(EN ) 1 

250 


250 


250 


ns typ 

R l = lkH, Cl = 35pF 


450 

600 

450 

600 

450 

600 

ns max 


OFF Isolation 

68 


68 


68 


dB typ 

V EN = 0.8V, R l = lkH, C L = 15pF, 


50 


50 


50 


dB min 

V s = 3.5V rms, f = 100kHz 

Cs(OFF) 

C d (OFF) 

5 


5 


5 


pF typ 

V en = 0.8V 

ADG508A 

22 


22 


22 


pF typ 

V en = 0.8V 

ADG509A 

11 


11 


11 


pF typ 


Qinjj Charge Injection 

4 


4 


4 


pCtyp 

R s = 0G, C L = lOOOpF, V s = OV 

POWER SUPPLY 









Idd 

0.6 

1.5 

0.6 

1.5 

0.6 

1.5 

mAtyp 
mA max 

ViN = V INL orV INH 

Power Dissipation 

10 

25 

10 

25 

10 

25 

mW typ 
mW max 



NOTE 

1 Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 


TRUTH TABLES 


A2 

A1 

A0 

EN 

ON SWITCH 

X 

X 

X 

0 

NONE 

0 

0 

0 

1 

1 

0 

0 

1 

1 

2 

0 

1 

0 

1 

3 

0 

1 

1 

1 

4 

1 

0 

0 

1 

5 

1 

0 

1 

1 

6 

1 

1 

0 

1 

7 

1 

1 

1 

1 

* 8 


X = Don’t Care ADG508A 


A1 

A0 

EN 

ON 

SWITCH 

PAIR 

X 

X 

0 

NONE 

0 

0 

1 

1 

0 

1 

1 

2 

1 

0 

1 

3 

1 

1 

1 

4 


X = Don’t Care ADG509A 
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ABSOLUTE MAXIMUM RATINGS* 

(Ta = 25°C unless otherwise noted) 


Vdd to V ss 44V 

V DD to GND 25V 

VsstoGND -25 V 

Analog Inputs 1 

Voltage at S, D V S s — 2V to 

V DD +2V or 
20mA, Whichever Occurs First 

Continuous Current, S or D 20mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 40mA 

NOTE 


'Overvoltage at A, EN, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 


Digital Inputs 1 

Voltage at A, EN V S s -4V to 

V DD +4V or 
20mA, Whichever Occurs First 

Power Dissipation (Any Package) 

Up to +75°C 470mW 

Derates above +75°Cby 6mW/°C 

Operating Temperature 

Commercial (K Version) - 40°C to + 85°C 

Industrial (B Version) - 40°C to + 85°C 

Extended (T Version) - 55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature Range (Soldering, lOsec) + 300°C 


*COMMENT: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



DIP 


A° [T 

• 

~16~| A, 

EN [7T 


ttj a * 

v ss [T 


77] GND 

«E 

ADG508A 

ID v ° d 

S2 [T 

TOP VIEW 
{Not to Scale) 

ID ss 

S3 [jr 


ID se 

S4 Q] 


ID s? 

"E 


~9~] S8 


Ao [T 

• 

ID Ai 

EN [T 


Is] GND 

»-E 


14 j V 00 

siA CD 

ADG509A 

77] SIB 

S2A [T 

TOP VIEW 
(Not to Scale) 

77~1 S2B 

s3A Cl 


77] S3B 

S4A Cl 


77] S4B 

da [T 


T] DB 


PIN CONFIGURATIONS 
LCCC 


z 5 < 

1 20 19 



3 2 1 20 19 



18 V 00 
17 SIB 
16 NC 
15 S2B 
14 S3B 


NC = NO CONNECT 


PLCC 




7-56 CMOS SWITCHES & MULTIPLEXERS 






ANALOG 

DEVICES 


CMOS Latched 
8/16 Channel Analog Multiplexers 


ADG526A/ADG527A 


FEATURES 

44V Supply Maximum Rating 
Vss to V DD Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges (10.8V to 16.5V) 
Microprocessor Compatible (100ns WR Pulse) 
Extended Plastic Temperature Range 
(— 40°C to + 85°C) 

Low Leakage (20pA typ) 

Low Power Dissipation (28mW max) 

Superior Alternative to: 

DG526 

DG527 


ADG526A/ADG527A FUNCTIONAL BLOCK DIAGRAM 




GENERAL DESCRIPTION 

The ADG526A and ADG527A are CMOS monolithic analog 
multiplexers with 16 channels and dual 8 channels respectively. 
On-chip latches facilitate microprocessor interfacing. The 
ADG526A switches one of 16 inputs to a common output de- 
pending on the state of four binary addresses and an enable 
input. The ADG527A switches one of 8 differential inputs to a 
common differential output depending on the state of three 
binary addresses and an enable input. Both devices have TTL 
and 5V CMOS logic compatible digital inputs. 

The ADG526A and ADG527A are designed on an enhanced 
LC 2 MOS process which gives an increased signal capability of 
Vss to Vdd and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
10.8V to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low Ron- 

PRODUCT HIGHLIGHTS 

1. Single/Dual Supply Specifications with a Wide Tolerance: 
The devices are specified in the 10.8V to 16.5V range for 
both single and dual supplies. 

2. Easily Interfaced: 

The ADG526A and ADG527A can be easily interfaced with 
microprocessors. The WR signal latches the stateof the 
Address control lines and the Enable line. The RS signal 
clears both the address and enable data in the latches resulting 
in no output (all switches off). RS can be tied to the micro- 
processor reset pin. 

3. Extended Signal Range: 

The enhanced LC 2 MOS processing results in a high breakdown 
and an increased analog signal range of V S s to V DD . 


4. Break-Before-Make Switching: 

Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

5. Low Leakage: 

Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 

ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


— 40°C to 

— 40°C to 

— 55°C to 

+ 85°C 

+ 85°C 

+ 125°C 

Plastic DIP(N-28) 

Hermetic (Q-28) 

Hermetic (Q-28) 

ADG526AKN 

ADG526ABQ 

ADG526ATQ 

ADG527AKN 

ADG527ABQ 

ADG527ATQ 

PLCC 3 (P-28A) 


LCCC 4 (E-28A) 

ADG526AKP 


ADG526ATE 

ADG527AKP 


ADG527ATE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to 
part number. 

Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 
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SPECIFICATIONS 

Dual Supply (Vdd = + 10.8V to + 16.5V, Vss = - 10.8V to - 16.5V unless otherwise noted) 



ADG526A 

ADG527A 

K Version 

ADG526A 

ADG527A 

B Version 

ADG526A 

ADG527A 

T Version 




— 40°C to 


- 40°C to 


- 55°C to 



Parameter 

+ 25°C 

+ 85°C 

+ 25°C 

+ 85°C 

+ 25°C 

+ 125°C 

i Units 

Comments 

ANALOG SWITCH 









Analog Signal Range 

V SS 

Vss 

Vss 

Vss 

Vss 

Vss 

V min 



Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

Vmax 


Ron 

280 


280 


280 


Dtyp 

- IOVssVs^ + 10V, Ids = 1mA; Test Circuit 1 


450 

600 

450 

600 

450 

600 

Umax 



300 

400 

300 

400 



Umax 

V D d= 15V(± 10%), V ss = - 15V(± 10%) 






300 

400 

Umax 

Vdd - 15V( ± 5%), V ss = - 15V( ± 5%) 

Ron Drift 

0.6 


0.6 


0.6 


%/°C typ 

- 10V^Vs=^ + 10V, I DS = 1mA 

Ron Match 

5 


5 


5 


% typ 

- 10V*£Vs^ + 10V, I DS = 1mA 

I s (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nAtyp 

VI = ± 10V, V2 = + 10V; Test Circuit 2 


1 

50 

1 

50 

1 

50 

nA max 


I D (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = ± 10V, V2 = + 10V; Test Circuit 3 

ADG526A 

I 

200 

1 

200 

1 

200 

nA max 


ADG527A 

1 

100 

1 

100 

1 

100 

nA max 


I D (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = ± 10V,V2= T10V; Test Circuit 4 

ADG526A 

1 

200 

1 

200 

1 

200 

nA max 


ADG527A 

1 

100 

1 

100 

1 

100 

nA max 


Idiff> Differential Off Output 









Leakage (ADG527A only) 


25 


25 


25 

nA max 

VI = ± 10V, V2= T 10V; Test Circuit 5 

DIGITAL CONTROL 









V inhj Input High Voltage 


2.4 


2.4 


2.4 

V min 


Vinlj Input Low Voltage 


0.8 


0.8 


0.8 

V max 


Iinl or I INH 


1 


1 


1 

|iA max 

V IN = 0toV DD 

Cin Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 1 









tTRANSITION 

200 


200 


200 


ns typ 

VI - ± 10V, V2 = + 10V; Test Circuit 6 


300 

400 

300 

400 

300 

400 

ns max 


tOPEN 

50 


50 


50 


ns typ 

Test Circuit 7 


25 

10 

25 

10 

25 

10 

ns min 


t ON (EN,WR) 

200 


200 


200 


ns typ 

Test Circuits 8 and 9 


300 

400 

300 

400 

300 

400 

ns max 


t OF F(EN,RS) 

200 


200 


200 


ns typ 

Test Circuits 8 and 10 


300 

400 

300 

400 

300 

400 

ns max 


t w Write Pulse Width 

100 

120 

100 

120 

100 

130 

ns min 

See Figure 1 

ts Address, Enable Setup Time 


100 


100 


100 

ns min 

See Figure 1 

tn Address, Enable Hold Time 


10 


10 


10 

ns min 

See Figure 1 

t RS Reset Pulse Width 


100 


100 


100 

ns min 

See Figure 2 

OFF Isolation 

68 


68 


68 


dB typ 

V EN = 0.8V, R l = lkfl, C L = 15pF, 


50 


50 


50 


dB min 

V s = 7V rms, f = 100kHz 

Cs(OFF) 

5 


5 


5 


pF typ 

V en = 0.8V 

Cd(OFF) 









ADG526A 

44 


44 


44 


pF typ 

V en = 0.8V 

ADG527A 

22 


22 


22 


pF typ 


Qinj, Charge Injection 

4 


4 


4 


pC typ 

R s = Ofl, V s = 0V; Test Circuit 1 1 

POWER SUPPLY 









Idd 

0.6 


0.6 


0.6 


mAtyp 

ViN = Vi NL orVj N H 



1.5 


1.5 


1.5 

mA max 


fss 

20 


20 


20 


P-Atyp 

ViN = V INL orV INH 



0.2 


0.2 


0.2 

mA max 


Power Dissipation 

10 


10 


10 


mW typ 




28 


28 


28 

mWmax 



NOTE 

‘Sample tested at + 25°C to ensure compliance. 
Specifications subject to change without notice. 
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Single Supply + 10.8V to + 16.5V, = GND = 0V unless otherwise noted) 


ADG526A/ADG527A 



ADG526A 

ADG527A 

K Version 

ADG526A 

ADG527A 

B Version 

ADG526A 

ADG527A 

T Version 




- 40°C to 


- 40°C to 





Parameter 

+ 25°C 

+ 85°C 

+ 25°C 

+ 85°C 




Comments 

ANALOG SWITCH 









Analog Signal Range 

Vss 

Vss 

Vss 

Vss 

Vss 

V ss 

V min 



Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

V max 


Ron 

500 


500 


500 


Dtyp 

0V<V s =£ + 10V, Ids = 0.5mA; Test Circuit 1 


700 

1000 

700 

1000 

700 

1000 

Umax 


Ron Drift 

0.6 


0.6 


0.6 


%/°C typ 

0V^Vs^ + 10V, Ids = 0.5mA 

Ron Match 

5 


5 


5 


% typ 

0V«V s ^ + 10V, I DS = 0.5mA 

I s (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nA typ 

VI = + 10V/0V,V2 = 0V/+lOV; 


1 

50 

1 

50 

1 

50 

nA max 

Test Circuit 2 

Id (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = + 10V/0V,V2 = 0V/+10V; 

ADG526A 

1 

200 

1 

200 

1 

200 

nA max 

Test Circuit 3 

ADG527A 

1 

100 

1 

100 

1 

100 

nA max 


I D (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nA typ 

VI = + 10V/0V, V2 = 0V/ + 10V; 

ADG526A 

1 

200 

1 

200 

1 

200 

nA max 

Test Circuit 4 

ADG527A 

1 

100 

1 

100 

1 

100 

nA max 


Idiff> Differential Off Output 








VI = + 10V/0V, V2 = 0 V/ + 10V; 

Leakage (ADG527A only) 


25 


25 


25 

nA max 

Test Circuit 5 

DIGITAL CONTROL 









Vinhj Input High Voltage 


2.4 


2.4 


2.4 

Vmin 


Vxml, Input Low Voltage 


0.8 





V max 


IiNL.orIiNH 


1 


1 


l 

IxAmax 

ViN = 0toV D D 

Cin Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 1 









Transition 

300 


300 


300 


ns typ 

VI = + 10V/0V, V2 = 0V/ + 10V; 


450 

600 

450 

600 

450 

600 

ns max 

Test Circuit 6 

tOPEN 

50 


50 


50 


ns typ 

Test Circuit 7 


25 

10 

25 

10 

25 

10 

ns min 


t ON (EN,WR) 

250 


250 


250 


ns typ 

Test Circuits 8 and 9 


450 

600 

450 

600 

450 

600 

ns max 


t OF F(EN,RS) 

250 


250 


250 


ns typ 

Test Circuits 8 and 10 


450 

600 

450 

600 

450 

600 

ns max 


tw Write Pulse Width 

100 

120 

100 

120 

100 

130 

ns min 

See Figure 1 

t s Address, Enable Setup Time 


100 


100 


100 

ns min 

See Figure 1 

t H Address, Enable Hold Time 


10 


10 


10 

ns min 

See Figure 1 

t R s Reset Pulse Width 


100 


100 


100 

ns min 

See Figure 2 

OFF Isolation 

68 


68 


68 


dB typ 

V en = 0.8V,R l = lka,C L = 15pF, 


50 


50 


50 


dB min 

V s - 3.5V rms, f = 100kHz 

Cs(OFF) 

5 


5 

1 

5 


pFtyp 

V en = 0.8V 

C d (OFF) 









ADG526A 

44 


44 


44 


pE typ 

V en = 0.8V 

ADG527A 

22 


22 


22 


pF typ 


Qumj, Charge Injection 

4 


4 


4 


pCtyp 

R s = 0D,V S = 0V; Test Circuit 1 1 

POWER SUPPLY 









Idd 

0.6 


0.6 


0.6 


m A typ 

ViN = Vi N LorV INH 



1.5 


1.5 


1.5 

mA max 


Power Dissipation 

11 


11 


11 


mW typ 




25 


25 


25 

mW max 
j 



NOTE 

'Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 

(Ta = + 25°C unless otherwise noted) 


V DD toVss 44V 

V DD to GND 25V 

VsstoGND -25 V 

Analog Inputs 1 

Voltage at S,D V ss -2Vto 

V DD + 2V or 
20mA, Whichever Occurs First 

Continuous Current, S or D 20mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 40mA 

Digital Inputs 1 

Voltage at A, EN, WR, RS . . . V ss -4V to 

V dd 4- 4V or 
20mA, Whichever Occurs First 

Power Dissipation (Any Package) 

Up to +75°C 470mW 

Derates above + 75°C by 6mW/°C 

Operating Temperature 

Commerical (K Version) - 40°C to 4- 85°C 

Industrial (B Version) -40°C to +85°C 

Extended (T Version) -55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 

NOTE 


‘Overvoltage at A, EN, WR, RS, S or D will be clamped by diodes. Current 
should be limited to the maximum rating above. 

*COMMENT : Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

TRUTH TABLES 


A3 

A2 

A1 

A0 

EN 

WR 

RS 

ON SWITCH 
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X 

X 

X 

X 

JT 

1 

Retains Previous Switch Condition 

X 

X 

X 

X 

X 

X 

0 

NONE (Address and Enable 








Latches Cleared) 

X 

X 

X 

X 

0 

0 

1 

NONE 

0 

0 

0 

0 

1 

0 

1 

1 
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0 

0 

1 

1 

0 

1 

2 

0 

0 

1 

0 

1 

0 

1 
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0 

1 

1 

1 

0 

1 
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0 

1 

0 

0 

1 

0 

1 
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0 

1 

0 

1 

1 

0 

1 
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0 

1 

1 

0 

1 

0 

1 

7 

0 

1 

1 

1 

1 

0 

1 

8 

1 

0 

0 

0 

1 

0 

1 

9 

1 

0 

0 

1 

1 

0 

1 

10 

1 

0 

1 

0 

1 

0 

1 

11 

1 

0 

1 

1 

1 

0 

1 

12 

1 

1 

0 

0 

1 

0 

1 

13 

1 

1 

0 

1 

1 

0 

1 

14 

1 

1 

1 

0 

1 

0 

1 

15 

1 

1 

1 

1 

1 

0 

1 

16 


X = Don’t Care 
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A2 

A1 

A0 

EN 

WR 

RS 

ON SWITCH PAIR 

X 

X 

X 

X 

_T 

1 

Retains Previous Switch Condition 

X 

X 

X 

X 

X 

0 

NONE (Address and Enable 

Latches Cleared) 

X 

X 

X 

0 

0 

1 

NONE 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

2 

0 

1 

0 

1 

0 

1 

3 

0 

1 

1 

1 

0 

1 

4 

1 

0 

0 

1 

0 

1 

5 

1 

0 

1 

1 

0 

1 

6 

1 

1 

0 

1 

0 

1 

7 

1 

1 

1 

1 

0 

1 

8 


X = Don’t Care 

ADG527A 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control 
inputs are diode protected; however, permanent damage may occur 
on unconnected devices subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. The 
protective foam should be discharged to the destination socket be- 
fore devices are removed. 



PIN CONFIGURATIONS 
DIP 


v„d 
nc Gl 

S16 |~4~ 

S15 f~5~ 

si4 ri - 

ADG526A 

, TOP VIEW 

S12 [_B_ INot to Scale) 

S11 [V 

S10 |~V0 

-EE 

GND [77 

WR Q7 

AS [77 


17] V ss 

U 35 

25) S7 
17] S6 

17] S5 
17] S4 

17] S3 
17| S2 

17] SI 

17] AO 
17] At 

17] A2 


Vqp ] V " < 

Db[~2~ 

rs{T 

S8B [~4~ 

S7B |~7~ 
S6b[~6~ 
S5B [~7~ 
S4B[7~ 
S3B [~7~ 
S2b(17 
sib[77 
GND [17 
WR (17 
nc[17 


17] DA 

17] Vss 

17] S8A 
17] S7A 
17] S6A 

17] S5A 

17] S4A 
IT] S3A 
17| S2A 

17] S1A 

17] EN 

17] A0 

17] A1 
17] A2 


NC = NO CONNECT 


NC = NO CONNECT 


LCCC 


4 3 2 1 



i |i 3 S 

o 

NC = NO CONNECT 


5 21 S3 
20 S2 
, 19 SI 



25 S7A 
24 S6A 
23 S5A 
22 S4A 
21 S3A 
20 S2A 
19 S1A 


PLCC 


5 IS z > 8 Q > 8 S S IS “ J 2 > 1 
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TIMING DIAGRAMS 



Figure 1 

Figure 1 shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; therefore, 
while WR is held low, the latches are transparent and the switches 
respond to the address and enable inputs. This input data is 
latched on the rising edge of WR. 



Figure 2 

Figure 2 shows the Reset Pulse Width, t RS , and Reset Turn-off 
Time, to FF (RS). 

Note: All digital input signals rise and fall times measured from 
10% to 90% of 3V. t R = t F = 20ns. 


Typical Performance Characteristics 

The multiplexers are guaranteed functional with reduced single or dual supplies down to 4.5V. 



V D (V S ) - Volts V D ( V s ) - Volts 


Ron as a Function of V D (V S ): Dual Supply Voltage , R ON as a Function of V D (V S ): Single Supply Voltage , 

T A = +25°C T a = +25°C 



Leakage Current as a Function of Temperature Trigger Levels vs. Power Supply Voltage, Dual or Single Sup- 

( Note : Leakage Currents Reduce as the Supply Voltages ply, T A = + 25°C 

Reduce) 
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SUPPLY VOLTAGE - Volts 

^transition vs Supply Voltage: Dual and Single Supplies, 
T a = +25°C 

(Note: For V DD and / V ss / < 10V; VI = V DD /V SS , 

V2 = Vss/Vdd- See Test Circuit 6) 

Test Circuits 



5 6 7 8 9 10 11 12 13 14 15 16 17 

SUPPLY VOLTAGE- Volts 


l DD vs. Supply Voltage: Dual or Single Supply, T A = 
+ 25°C 


TEST CIRCUIT 1 
Ron 


TEST CIRCUIT 2 
Is (OFF) 


TEST CIRCUIT 3 
Id (OFF) 



Id (ON) 


V D d V £ 



TEST CIRCUIT 5 
Idiff 


Vdd V ss 



X. T 


❖ 


T 


-0-i 


- 0-4 


Idiff = Ida (OFF) -| DB (OFF) 


TEST CIRCUIT 6 

SWITCHING TIME OF MULTIPLEXER, Itransition 


V dd V ss 
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ADG526A/ADG527A 


TEST CIRCUIT 7 

BREAK-BEFORE-MAKE DELAY, t OPE N 


V„D V ss 



TEST CIRCUIT 8 

ENABLE DELAY, to N (EN), t OFF (EN) 


V DD V ss 



•SIMILAR CONNECTION FOR ADG527A 


TEST CIRCUIT 9 

WRITE TURN-ON TIME, to N (WR) 


V DD V ss 



TEST CIRCUIT 10 
RESET TURN-OFF TIME, t OF F (RS) 

Voo v ss 
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TEST CIRCUIT 11 
CHARGE INJECTION 


Vdd Vss 



TERMINOLOGY 


Ron 

Ron Match 
Ron Drift 
Is (OFF) 

I D (OFF) 

Id (ON) 

V s (V D ) 

C s (OFF) 
C D (OFF) 
ClN 

toN (EN) 


Ohmic resistance between terminals D and S 
Difference between the R G n of any two channels 
Change in R Q n versus temperature 
Source terminal leakage current when the switch 
is off 

Drain terminal ieakage current when the switch 
is off 

Leakage current that flows from the closed switch 
into the body 

Analog voltage on terminal S or D 

Channel input capacitance for “OFF” condition 

Channel output capacitance for “OFF” condition 

Digital input capacitance 

Delay time between the 50% and 90% points of 

the digital input and switch “ON” condition 


toFF (EN) 
Transition 


MJFJbN 


V INL 

Vinh 

IlNL (IlNH) 

Vdd 

V SS 

Idd 

Iss 


Delay time between the 50% and 10% points of 
the digital input and switch “OFF” condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch “ON” condition 
when switching from one address state to 
another 

“OFF” time measured between 50% points of 
both switches when switching from one address 
state to another 

Maximum input voltage for Logic “0” 
Minimum input voltage for Logic “1” 

Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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ANALOG CMOS 

DEVICES Latched 4/8 Channel Analog Multiplexers 


ADG528A/ADG529A 


FEATURES 

44V Supply Maximum Rating 
Vss to V DD Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges (10.8V to 16.5 V) 
Microprocessor Compatible (100ns WR Pulse) 
Extended Plastic Temperature Range 
( — 40°C to + 85°C) 

Low Leakage (20pA typ) 

Low Power Dissipation (28mW max) 

Superior Alternative to: 

DG528 

DG529 


ADG528A/ADG529A FUNCTIONAL BLOCK DIAGRAMS 



GENERAL DESCRIPTION 

The ADG528A and ADG529A are CMOS monolithic analog 
multiplexers with 8 channels and dual 4 channels respectively. 
On-chip latches facilitate microprocessor interfacing. The 
ADG528A switches one of 8 inputs to a common output depending 
on the state of three binary addresses and an enable input. The 
ADG529A switches one of 4 differential inputs to a common 
differential output depending on the state of two binary addresses 
and an enable input. Both devices have TTL and 5V CMOS 
logic compatible digital inputs. 

The ADG528A and ADG529A are designed on an enhanced 
LC 2 MOS process which gives an increased signal capability of 
Vss to V D d a nd enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
10.8V to 16.5V single or dual supply range. These multiplexers 
also feature high switching speeds and low Ron- 

ORDERING INFORMATION 1 


Temperature Range and Package Options 2 


— 40°C to 

— 40°C to 

— 55°C to 

+ 85°C 

+ 85°C 

+ 125°C 

Plastic DIP (N-18) 

Hermetic (Q-18) 

Hermetic (Q-18) 

ADG528AKN 

ADG528ABQ 

ADG528ATQ 

ADG529AKN 

ADG529ABQ 

ADG529ATQ 

PLCC 3 (P-20A) 


LCCC 4 (E-20A) 

ADG528AKP 


ADG528ATE 

ADG529AKP 


ADG529ATE 


NOTES 

'To order MIL-STD-883, Class B processed parts, add /883B to 
part number. 

Contact your local sales office for military data sheet. 

2 See Section 14 for package outline information. 

3 PLCC: Plastic Leaded Chip Carrier. 

4 LCCC: Leadless Ceramic Chip Carrier. 


PRODUCT HIGHLIGHTS 

1 . Single/Dual Supply Specifications with a Wide Tolerance: 
The devices are specified in the 10.8V to 16.5V range for 
both single and dual supplies. 

2. Easily Interfaced: 

The ADG528A and A DG5 29A can be easily interfaced with 
microprocessors. The WR signal latches the state of the 
address control lines and the enable line. The RS signal 
clears both the address and enable data in the latches resulting 
in no output (all switches off). RS can be tied to the micro- 
processor reset pin. 

3. Extended Signal Range: 

The enhanced LC 2 MOS processing results in a high breakdown 
and an increased analog signal range of V S s to V DI > 

4. Break-Before-Make Switching: 

Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

5. Low Leakage: 

Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 
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SPECIFICATIONS 


Dual Supply (You = + 10.8V to + 16.5V, Vss = - 10.8V to - 16.5V unless otherwise noted) 



ADG528A 

ADG529A 

K Version 

ADG528A 

ADG529A 

B Version 

ADG528A 

ADG529A 

T Version 

■ 




— 40°C to 


— 40°C to 


— 55°C to 



Parameter 

+ 25°C 

+ 85°C 

+ 25X 

+ 85X 

+ 25°C 

+ 125X 

Units 

Comments 

ANALOG SWITCH 









Analog Signal Range 

Vss 

Vss 

Vss 

V SS 

V ss 

Vss 

V min 



Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

Vdd 

V max 


Ron 

280 


280 


280 


Htyp 

- 10V*£Vs*£ + 10V, Ids = 1mA 


450 

600 

450 

600 

450 

600 

flmax 



300 

400 

300 

400 



Umax 

Vdd = 15V( ± 10%), V ss = - 15V( ± 10%) 






300 

400 

Umax 

Vdd = 15V( ± 5%), V ss = ~ 1 5V( ± 5%) 

Ron Drift 

0.6 


0.6 


0.6 


%/Xtyp 

- 10V=sV s < + 10V, Ids = 1mA 

Ron Match 

5 


5 


5 


% typ 

-10V«V s =£ + 10V,lDs=lmA 

I s (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nA typ 

V S i = ± 10V, V D = V S2 to V SN = + 10V 


1 

50 

1 

50 

1 

50 

nA max 


Id (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nA typ 

V S itoV S N= ±10V,V D = + 10V 

ADG528A 

1 

100 

1 

100 

1 

100 

nA max 


ADG529A 

1 

50 

1 

50 

1 

50 

nA max 


In (ON), On Channel Leakage 

0.04 


0.04 


0.04 


nA typ 

V s 2 to V SN = ± 10 V , V D = ■ V Si = + 10V 

ADG528A 

1 

100 

1 

100 

1 

100 

nA max 


ADG529A 

1 

50 

1 

50 

1 

50 

nA max 


Idiff> Differential Off Output 









Leakage (ADG529A only) 


25 


25 


25 

nAmax 

VsiA/B to Vs4A/B ~ ± 10V, Vda = VdB= + 10V 

DIGITAL CONTROL 









Vinhj Input High Voltage 


2.4 


2.4 


2.4 

Vmin 


Vinlj Input Low Voltage 


0.8 


0.8 


0.8 

V max 


Iinl or I IN h 


1 


1 


1 

p,A max 

Vin = 0 to V D d 

Cin Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 1 









^TRANSITION 

200 


200 


200 


ns typ 

R l = 1MH, C L = 35pF 


300 

400 

300 

400 

300 

400 

ns max 


tOFEN 

50 


50 


50 


ns typ 

R l = lkfl, C L = 35pF 


25 

10 

25 

10 

25 

10 

ns min 


t ON (EN,WR) 

200 


200 


200 


ns typ 

Rl = lkfl, C L = 35pF 


300 

400 

300 

400 

300 

400 

ns max 


t 0 F F (EN,RS) 

200 


200 


200 


ns typ 

Rl = lkfl, C L = 35pF 


300 

400 

300 

400 

300 

400 

ns max 


t w Write Pulse Width 

100 

120 

100 

120 

100 

130 

ns min 

See Figure 1 

ts Address, Enable Setup Time 


100 


100 


100 

ns min 

See Figure 1 

t H Address, Enable Hold Time 


10 


10 


10 

ns min 

See Figure 1 

t RS Reset Pulse Width 


100 


100 


100 

ns min 

See Figure 2 

OFF Isolation 

68 


68 


68 


dBtyp 

V EN = 0.8V, R l = lkfl, Cl = 15pF, 


50 


50 


50 


dB min 

Vs = 7V rms, f = 100kHz 

Cs (OFF) 

5 


5 


5 


pF typ 

Ven = 0.8V 

Cd (OFF) 









ADG528A 

22 


22 


22 


pF typ 

V en = 0.8V 

ADG529A 

11 


11 


11 


pF typ 


Qinjj Charge Injection 

4 


4 


4 


pC typ 

R s = 0D, C L = lOOOpF, V s = 0V 

POWER SUPPLY 









Idd 

0.6 


■iT'fllll 


|p§| 


mA typ 

VlN = VjNLOrV IN H 



1.5 


1.5 


1.5 

mA max 


Iss 

20 






pAtyp 

Vm = ViNLorV INH 



0.2 


■ ■ 


0.2 

mA max 


Power Dissipation 

10 


10 


10 


mW typ 




28 


28 


28 

mW max 



NOTE 

1 Sample tested at + 25°C to ensure compliance. 
Specifications subject to change without notice. 
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Single Supply (V M = +10.8Vto + 16.5V, Vss = GND = OV unless otheiwse noted) 


ADG528A/ADG529A 



ADG528A 

ADG529A 

K Version 

ADG528A 

ADG529A 

B Version 

ADG528A 

ADG529A 

T Version 





— 40°C to 







Parameter 

+ 25°C 

+ 85°C 






Comments 

ANALOG SWITCH 









Analog Signal Range 

GND 

GND 

GND 

GND 

GND 

GND 

V min 



Vdd 

Vdd 

V DD 

Vdd 

Vdd 

Vdd 

Vmax 


Ron 

500 


500 


500 


Gtyp 

GND<V S =£ + 10V, I DS = 0.5mA 


700 

1000 

700 

1000 

700 

1000 

Umax 


Ron Drift 

0.6 


0.6 


0.6 


%/°C typ 

GNDssVs^ + 10V, I DS = 0.5mA 

Ron Match 

5 


5 


5 


% typ 

GND«V s ss + 10V, Ids = 0.5mA 

Is (OFF), Off Input Leakage 

0.02 


0.02 


0.02 


nA typ 

V S i = + 10V/GND, V D = V S2 to V SN = GND/ -)- 10V 


1 

50 

1 


1 

50 

nA max 


I D (OFF), Off Output Leakage 

0.04 


0.04 


0.04 


nA typ 

Vsi to V SN = + 10V/GND, V D = GND/ + 10V 

ADG528A 

1 

100 

1 

100 

1 

100 

nA max 


ADG529A 

1 

50 

1 


1 

50 

nA max 


I D (ON), On Channel Leakage 

0.04 




0.04 


nA typ 

V s 2 to V SN = + 10V/GND, V D = V s , = GND/ + 10V 

ADG528A 

1 

100 

1 

100 

1 

100 

nA max 


ADG529A 

1 

50 

1 


1 

50 

nA max 


Idiffj Differential Off Output 








VsiA/B to V S4A/B = + 10V/GND, Vda = Vdb = GND/ + 10V 

Leakage (ADG529A only) 


25 


25 


25 

nA max 


DIGITAL CONTROL 









Vinh> Input High Voltage 


2.4 


2.4 


2.4 

V min 


Vinlj Input Low Voltage 


0.8 




0.8 

Vmax 


IlNL° r IlNH 


1 


1 


1 

p,A max 

ViN = 0to V dd 

Cin Digital Input Capacitance 

8 


8 


8 


pF max 


DYNAMIC CHARACTERISTICS 1 









^TRANSITION 

300 


300 


300 


ns typ 

R l = lmfl, Cl = 35pF 


450 

600 

450 

600 

450 

600 

ns max 


toPEN 

50 


50 


50 


ns typ 

R L =lkn,C L = 35pF 


25 

10 

25 

10 

25 

10 

ns min 


t ON (EN,WR) 

250 


250 


250 


ns typ 

Rl = lkfl, C L = 35pF 


450 

600 

450 

600 

450 

600 

ns max 


t OF F(EN,RS) 

250 


250 


250 


ns typ 

R L =lkO,C L = 35pF 


450 

600 

450 

600 

450 

600 

ns max 


t w Write Pulse Width 

100 

120 

100 

120 

100 

130 

ns min 

See Figure 1 

ts Address, Enable Setup Time 


100 


100 


100 

ns min 

See Figure 1 

t H Address, Enable Hold Time 


10 


10 


10 

ns min 

See Figure 1 

t RS Reset Pulse Width 


100 


100 


100 

ns min 

See Figure 2 

OFF Isolation 

68 


68 


68 


dB typ 

V EN = 0.8V,R L =lkn,C L =15pF, 


50 


50 


50 


dB min 

V s = 3.5V rms, f = 100kHz 

Cs(OFF) 

5 


5 


5 


pE typ 

Ven = 0.8V 

Cd (OFF) 









ADG528A 

22 


22 


22 


pE typ 

V en = 0.8V 

ADG529A 

11 


11 


11 


pFtyp 


Qinj, Charge Injection 

4 


4 


4 


pCtyp 

R s = OH, C L = lOOOpF, V s = 0V 

POWER SUPPLY 









Idd 

0.6 


0.6 


0.6 


mAtyp 

ViN = ViMLorVi NH 



1.5 


1.5 


1.5 

mAmax 


Power Dissipation 

11 


11 


11 


mW typ 




25 


25 


25 

mW max 



NOTE 

1 Sample tested at + 25°C to ensure compliance. 
Specifications subject to change without notice. 


TRUTH TABLES 


A2 

A1 

A0 

EN 

WR 

RS 

ON SWITCH PAIR 

X 

X 

X 

X 

-T 

1 

Retains Previous Switch Condition 

X 

X 

X 

X 

X 

0 

NONE (Address and Enable 

Latches Geared) 

X 

X 

X 

0 

0 

1 

NONE 

o 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

2 

0 

1 

0 

1 

0 

1 

3 

0 

1 

1 

1 

0 

1 

4 

1 

0 

0 

1 

0 

1 

5 

1 

0 

1 

1 

0 

1 

6 

1 

1 

0 

1 

0 

1 

7 

1 


1 


0 

1 

8 


X = Don’t Gut 

ADG528A 


A1 

A0 

EN 

WR 

RS 

ON SWITCH PAIR 

X 

X 

X 

S 

1 

Retains Previous Switch Condition 

X 

X 

X 

X 

0 

NONE (Address and Enable 
Latches Cleared) 

X 

X 

0 

0 

1 

NONE 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

2 

1 

0 

1 

0 

1 

3 

1 

1 

1 

0 

1 

4 


X = Don’t Care 


ADG529A 
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ABSOLUTE MAXIMUM RATINGS* 

(Ta= +25°C unless otherwise noted) 


VoDtoVss 44V 

V DD to GND 25V 

VsstoGND -25 V 

Analog Inputs 1 

Voltage at S, D V S s - 2V to 

V DD + 2V or 
20mA, Whichever Occurs First 

Continuous Current, S or D 20mA 

Pulsed Current S or D 

lms Duration, 10% Duty Cycle 40mA 

NOTE 


‘Overvoltage at A, EN, WR, RS, S or D will be clamped by diodes. Current 
should be limited to the maximum rating above. 


Digital Inputs 1 

Voltage at A, EN, WR, RS V ss -4V to 

V DD +4V or 
20mA, Whichever Occurs First 

Power Dissipation (Any Package) 

Upto+75°C 470mW 

Derates above +75°Cby 6mW/°C 

Operating Temperature 

Commerical (K Version) - 40°C to + 85°C 

Industrial (B Version) - 40°C to + 85°C 

Extended (T Version) -55°C to + 125°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 


♦COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 
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Figure 1 shows the timing sequence for latching the switch 
addre ss an d enable inputs. The latches are level sensitive; therefore, 
while WR is held low, the latches are transparent and the switches 
respond to the address and e nable inputs. This input data is 
latched on the rising edge of WR. 



Figure 2 

Figure 2 shows the Reset Pulse Width, t RS , and Reset Turn-off 
Time, to FF (RS). 

Note: All digital input signals rise and fall times measured from 
10% to 90% of 3V. t R = t F = 20ns. 
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Selection Guide 

Voltage References 




Initial 

Temp 






Ouput 

Accuracy 

Stability 






Voltage 

% F.S. 

ppm/°C 

Package 

Temp 



Model 

V 

max 

max 

Options 1 

Range 2 

Page 

Comments 

AD589 

+1.235 

1.2-2.8 

10-100 

H 

C, M 

8-51 

Two Terminal, 1.2 V Reference 

AD580 

+2.5 

0.4-3 

10-85 

H 

C, M 

8-5 

Precision, Three Terminal, 2.5 V Reference 

AD 1403 

+2.5 

0.4-1 

25-40 

N 

C 

8-63 

Second Source, 2.5 V Reference 

AD586 

+5 

0.05-0.4 

5-25 

Q,R 

C, M 

8-23 

Precision, Buried Zener 5 V Reference 

ADREF02 

+5 

0.3-0. 5 

8.5-25 

Q 

C, M 

8-75 

Second Source, 5 V Reference 

AD689 

+8.129 

0.05-0.2 

5-25 

Q 

C, M 

8-55 

Precision, 8.192 Volt Reference 

AD2700 

+ 10 

0.025-0.05 

3-10 

D 

C, M 

8-67 

Very High Precision 10 V Reference 

AD581 

+ 10 

0.05-0.3 

5-30 

H 

C,M 

8-9 

Three Terminal 10 V Bandgap Reference 

AD587 

+10 

0.05-0.1 

5-20 

Q,R 

C, M 

8-31 

Precision Buried Zener 10 V Reference 

ADREF01 

+ 10 

0.3-0. 5 

8.5-25 

Q 

C, M 

8-75 

Second Source 10 V Reference 

AD2710 

+10 

0.01 

1-5 

N 

C 

8-71 

Ultrahigh Precision 10 V Reference 

AD2712 

±10 

0.01 

1-5 

N 

c 

8-71 

Ultrahigh Precision ±10 V Reference 

AD2702 

±10 

0.025-0.05 

3-10 

D 

C,M 

8-67 

Very High Precision ±10 V Reference over Full Military Temp Range 

AD2701 

-10 

0.025-0.05 

3-10 

D 

C, M 

8-67 

Very High Precision —10 V Reference 

AD588 

Selectable 

0.01-0.03 

1.5-4 

D 

I, M 

8-39 

Ultrahigh Precision, Monolithic Programmable Reference 

AD584 

Selectable 

0.05-0.3 

5-30 

E, H 

C, M 

8-15 

Precision, Programmable Bandgap Reference 


Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; H-Round Hermetic Metal Can (Header); N-Plastic Molded Dual-In-Line; Q-Cerdip; R-Small Outline Plastic (SOIC). 
2 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -55°C to +125°C. 

Boldface Type: Product recommended for new design. 



Orientation 

Voltage References 


A voltage reference is used to provide an accurately known 
voltage which can be utilized in a circuit or s\rstem. For example, 
measurement systems rely on precision references in order to 
establish a basis for absolute measurement accuracy. Any reference 
inaccuracy will undermine the accuracy of the overall system. 
Thus, ideal references are characterized by accurately set (and 
traceable to recognized fundamental standards) constant output 
voltage, independent of temperature, load changes, input voltage 
variation and time. 

TYPES OF REFERENCES 

Some of the available IC reference circuits use the bandgap 
principle: the Vrk of any silicon transistor has a negative tempco 
of about 2mV/°C, which can be extrapolated to approximately 
1.2 volts at absolute zero (the bandgap voltage of silicon). Since 
identical transistors operating at constant current densities will 
have predictably different temperature coefficients of base-emitter 
voltage, it is possible to arrange circuit elements so as to null 
out the temperature coefficients associated with the two phenomena 
and produce a constant voltage (usually 1.2 volts). This 
temperature-invariant voltage can be amplified and buffered to 
produce a standard voltage value, such as 2.5V or 10.0V. The 
bandgap types cataloged here include the AD 1403 and the AD580 
(2.5V), the AD581 (10.0V) and the multi-output AD584 (2.5, 
5.0, 7.5 and/or 10.0V). 

Another popular form of reference circuit uses a selected low-drift 
Zener diode, followed by a buffer-amplifier-and-precision-gain 
stage to provide a standard output voltage. 

A buried-Zener design provides lower noise and drift than bandgap 
references, with laser trimming of thin-film resistors for excellent 
accuracy and low drift versus temperature. This technique provides 
initial accuracy to ± lmV and temperature drifts as low as 1.5 ppm 
in the AD588 (+ 10V, +5V, ±5V tracking, — 5V and - 10V 
outputs). Similar reference designs with single voltage outputs 
(AD586 and AD587, + 5V and + 10V respectively) have accuracies 
and temperature coefficients that are nearly as good as the 
AD588. 

Several of the references allow the user to optionally connect a 
capacitor to a noise reduction pin on the IC and so further 
reduce the noise output of the reference. In the AD586, the 
wideband noise (to 1MHz) of 200 (jlV peak-to-peak (p-p) is reduced 
to 160(jlV p-p by adding a 1 (jlF capacitor to the noise reduction 
point. 

Output current capability of the voltage reference must also be 
considered when selecting a reference. The amount of current 
that the reference must source, or sink, for the rest of the system 
affects which references are acceptable or may need additional 
buffering. 


Kelvin connections provide output sense and force connections, 
so that the actual voltage at the load is sensed and any IR drops 
in the leads are compensated. The AD588 provides sense and 
force connections in its design. 

DEFINITIONS OF SPECIFICATIONS 

Line regulation. The change in output voltage due to a specified 
change in input voltage. It is usually expressed in percent per 
volt or microvolts per volt of input change. 

Load regulation. The change in output voltage for a specified 
change in load current. It is generally expressed in microvolts 
per milliampere, or ohms of dc output resistance. This specification 
includes the effect of self-heating due to increased power dissipation 
at higher load currents. 

Output voltage tolerance. The deviation from the nominal output 
voltage at 25°C and specified input voltage as measured by a 
device traceable to a recognized fundamental voltage standard. 

Output voltage change with temperature. The change in output 
voltage from the value at 25°C ambient; it is independent of 
variations in the other operating conditions. Analog Devices 
specifies both an error band and an equivalent temperature 
coefficient (in ppm/°C) for most references. The error band 
(e.g., ±5mV, — 55°C to + 125°C) is defined graphically in 
terms of a box (voltage vertically, temperature horizontally) 
whose diagonals extend from 25°C to T max and 25°C to T min , 
with a slope equal to the stated temperature coefficient. Thus, 
the total absolute error for a particular reference over its specified 
temperature range is equal to the output voltage tolerance at 
25°C plus the error band. 

Tum-on settling time. The time, from a cold start, for the reference 
output to settle within a specified error band. This definition 
relates only to the electrical turn-on of the chip, and does not 
include thermal settling time which depends on the package, 
heat-sinking and load-current change. 

Long-term stability. The change in output voltage versus time, 
specified in ppm/ 1000 hours. 

Noise. The narrowband (0.1 to 10Hz) and wideband (to 1MHz) 
random noise on the reference output. It may be measured in 
|jlV p-p or in nV/VHz. 
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DEVICES 


High Precision 
2.5V 1C Reference 


AD580* 


FEATURES 

Laser Trimmed to High Accuracy: 2.500V ±0.4% 
3-Terminal Device: Voltage In/Voltage Out 
Excellent Temperature Stability: 10ppm/° C (AD580M, U) 
Excellent Long Term Stability: 250// V (25/iV/Month) 

Low Quiescent Current: 1.5mA max 
Small, Hermetic 1C Package: TO-52 Can 


AD 5 80 FUNCTIONAL BLOCK DIAGRAM 
TO-52 



PRODUCT DESCRIPTION 

The AD580 is a three-terminal, low cost, temperature compen- 
sated, bandgap voltage reference which provides a fixed 2.5V 
output for inputs between 4.5 V and 30V. A unique combin- 
ation of advanced circuit design and laser-wafer-trimmed 
thin-film resistors provide the AD580 with an initial tolerance 
of ±0.4%, a temperature stability of better than 10ppm/°C 
and long-term stability of better than 250 juV. In addition, 
the low quiescent current drain of 1.5mA max offers a clear 
advantage over classical zener techniques. 

The AD 5 80 is recommended as a stable reference for all 8-, 

10- and 12-bit D-to-A converters that require an external refer- 
ence. In addition, the wide input range of the AD 5 80 allows 
operation with 5 volt logic supplies making the AD580 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 

The AD580J, K, L and M are specified for operation over the 
0 to +70° C temperature range; the AD580S, T and U are speci- 
fied for operation over the extended temperature range of 
-55°C to +125°C. 

* Covered by Patent Nos. 3,887,863; RE30,586. 


PRODUCT HIGHLIGHTS 

1 . Laser-trimming of the thin-film resistors minimizes the 
AD580 output error. For example, the AD580L output 
tolerance is ±10mV. 

2. The three- terminal voltage in/voltage out operation of the 
AD580 provides regulated output voltage without any 
external components. 

3. The AD 5 80 provides a stable 2.5V output voltage for 
input voltages between 4.5V and 30V. The capability to 
provide a stable output voltage using a 5-volt input makes 
the AD 580 an ideal choice for systems that contain a 
single logic power supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the AD 5 80 with temperature stabilities 
to lOpprn/ C and long term stability better than 250 /iV. 

5. The low quiescent current drain of the AD580 makes it 
ideal for CMOS and other low power applications. 


AD580 CHIP DIMENSIONS 
AND PAD LAYOUT 

Dimensions shown in inches and (mm). 


0.062 0.57) 



The AD580 is also available 
in chip form. Consult the factory 
for specifications and applications 
information. 
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SPECIFICATIONS (@ Em =+15V and 25°C) 


Model 

AD580J 

AD580K 

AD580L 

AD580M 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OUTPUT VOLTAGE TOLERANCE 






(Error from Nominal 2 . 500 Volt Output) 

±75 

±25 

±10 

±10 

mV 

OUTPUT VOLTAGE CHANGE 






Tmi„ tO T max 

15 

7 

4.3 

1.75 

mV 


85 

40 

25 

10 

ppm/°C 

LINE REGULATION 






7VsVi N <30V 

1.5 6 

1.5 4 

2 

2 

mV 

4.5VsV in ^7V 

0.3 3 

0.3 2 

1 

1 

mV 

LOAD REGULATION 






AI = 10mA 

10 

10 

10 

10 

mV 

QUIESCENT CURRENT 

1.0 1.5 

1.0 1.5 

1.0 1.5 

1.0 1.5 

mA 

NOISE (0.1Hz to 10Hz) 

60 

60 

60 

60 

^V(p-p) 

STABILITY 






Long Term 

250 

250 

250 

250 

pV 

Per Month 

25 

25 

25 

25 

pV 

TEMPERATURE PERFORMANCE 






Specified 

0 +70 

0 +70 

0 +70 

0 +70 

°c 

Operating 

-55 +125 

-55 +125 

-55 +125 

-55 +125 

°c 

Stnracw* 

65 t 175 

-65 +175 

-65 +175 

-65 +175 

°c 

PACKAGE OPTION 1 






TO-52 (H-03A) 

* 

* 

* 

* 



Model 

AD580S 

AD580T 

AD580U 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OUTPUT VOLTAGE TOLERANCE 





(Error from Nominal 2. 500 Volt Output) 

±25 

±10 

±10 

mV 

OUTPUT VOLTAGE CHANGE 






25 

11 

4.5 

mV 


55 

25 

10 

ppm/°C 

LINE REGULATION 





7V<V IN <30V 

1.5 6 

2 

2 

mV 

4.5V<V in <7V 

0.3 3 

1 

1 

mV 

LOAD REGULATION 





AI = 10mA 

10 

10 

10 

mV 

QUIESCENT CURRENT 

1.0 1.5 

1.0 1.5 

1.0 1.5 

mA 

NOISE (0.1 Hz to 10Hz) 

60 

60 

60 

pV (p-p) 

STABILITY 





Long Term 

250 

250 

250 

pV 

Per Month 

25 

25 

25 

pV 

TEMPERATURE PERFORMANCE 





Specified 

-55 +125 

-55 +125 

-55 +125 

°c 

Operating 

-55 +150 

-55 +150 

-55 +150 

°c 

Storage 

-65 +175 

-65 +175 

-65 +175 

°c 

ABSOLUTE MAXIMUM RATINGS 





Input Voltage 

40V 




Power Dissipation (« + 25°C 





Ambient Temperature 

350mW 




Derate above +25°C 

2.8mW/°C 




Lead Temperature (Soldering, 10 sec) 

300°C 




Thermal Resistance 





Junction-to-Case 

100°C/W 




J unction-to- Ambient 

360°C/W 




PACKAGE OPTION 1 





TO-52 (H-03A) 

* 

* 




NOTES 

1 See Section 14 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Applying the AD580 


THEORY OF OPERATION 

Most precision IC references use complex multichip hybrid 
designs based on expensive temperature-compensated zener 
diodes. Others are monolithic with on-chip zener diodes; these 
often require more than one power supply and, with the zener 
breakdown occuring near 6.3 volts, will not operate from a 
low voltage logic supply. 

The AD 5 80 family (AD580, AD581, AD584, AD589) uses 
the “bandgap” concept to produce a stable, low-temperature- 
coefficient voltage reference suitable for high accuracy data- 
acquisition components and systems. The device makes use 
of the underlying physical nature of a silicon transistor base- 
emitter voltage in the forward-biased operating region. All 
such transistors have approximately a -2mV/°C temperature 
coefficient, unsuitable for use directly as a low TC reference; 
however, extrapolation of the temperature characteristic of 
any one of these devices to absolute zero (with emitter cur- 
rent proportional to absolute temperature) reveals that it will 
go to a Vg£ of 1.205 volts at OK, as shown in Figure 1. Thus, 
if a voltage could be developed with an opposing temperature 
coefficient to sum with VgE to total 1.205 volts, a zero-TC 
reference would result and operation from a single, low-voltage 
supply would be possible. The AD 580 circuit provides such a 
compensating voltage, V* in Figure 2, by driving two transis- 
tors at different current densities and amplifying the resulting 
VgE difference (AVbe — which now has a positive TC); the 
sum (Vz) is then buffered and amplified up to 2.5 volts to pro- 
vide a usable reference-voltage output. Figure 3 is the sche- 
matic diagram of the AD 5 80. 


The AD580 operates as a three-terminal reference, which 
means that no additional components are required for biasing 
or current setting. The connection diagram, Figure 4 is quite 
simple. 



-273°C -200° C -100°C 0°C 100°C 

OK 73K 173K 273K 373K 


TEMPERATURE 


Figure 1. Extrapolated Variation of Base-Emitter Voltage with 
Temperature (IeclT), and Required Compensation , Shown for 
Two Different Devices 




Figure 4. AD 580 Connection Diagram 

VOLTAGE VARIATION VS. TEMPERATURE 

Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer- 
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., lOpprn/ C. However, because of the incon- 
sistent nonlinearities in zener references (butterfly or “S” 
type characteristics), most manufacturers use a maximum 
limit error band approach to characterize their references. 

This technique measures the output voltage at 3 to 5 different 
temperatures and guarantees that the output voltage deviation 
will fall within the guaranteed error band at these discrete 
temperatures. This approach, of course, makes no mention or 
guarantee of performance at any other temperature within the 
operating temperature range of the device. 

The consistent Voltage vs. Temperature performance of a typi- 
cal AD580 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible “S” type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device’s 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. 




Figure 5. Typical AD580K Output Voltage vs. Temperature 
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The AD580M guarantees a maximum deviation of 1.75mV 
over the 0 to +70° C temperature range. This can be shown to 
be equivalent to 10ppm/°C average maximum; i.e. . . 


1.75mV max ^ 1 

70°C 2.5V 


I0ppm/°C max average 


The AD580 typically exhibits a variation of 1.5mV over the 
power supply range of 7 to 30 volts. Figure 6 is a plot of 
AD580 line rejection versus frequency. 


NOISE PERFORMANCE 

Figure 7 represents the peak-to-peak noise of the AD 5 80 
from 1Hz (3dB point) to a 3dB high end shown on the 
horizontal axis. Peak-to-peak noise from 1Hz to 1MHz is 
approximately 600/LtV. 

THE AD580 AS A CURRENT LIMITER 

The AD580 represents an excellent alternative to current 
limiter diodes which require factory-selection to achieve a 
desired current. This approach often results in temperature 
coefficients of 1%/°C. The AD580 approach is not limited 



10 100 Ik 10k 100k 

LINE FREQUENCY -Hz 


Figure 6. AD 580 Line Rejection Plot 



FREQUENCY - Hz 



to a specially selected factory set current limit; it can be pro- 
grammed from 1 to 10mA with the insertion of a single ex- 
ternal resistor. The approximate temperature coefficient of 
current limit for the AD 5 80 used in this mode is 0.13%/°C 
for Iliai = 1mA and 0.01%/°Cfor Iljm = 13mA (see Figure 9). 
Figure 8 displays the high output impedance of the AD580 
used as a current limiter for Ilim = 1, 2, 3, 4, 5mA. 



Figure 9. A Two-Component Precision Current Limiter 

THE AD580 AS A LOW POWER, LOW VOLTAGE PRE- 
CISION REFERENCE FOR DATA CONVERTERS 
The AD580 has a number of features that make it ideally 
suited for use with A/D and D/A data converters used in 
complex microprocessor-based systems. The calibrated 
2.500 volt output minimizes user trim requirements and 
allows operation from a single low voltage supply. Low 
power consumption (1mA quiescent current) is com- 
mensurate with that of CMOS-type devices, while the low 
cost and small package complements the decreasing cost and 
size of the latest converters. 

Figure 10 shows the AD580 used as a reference for the 
AD7542 12-bit CMOS DAC with complete microprocessor 
interface. The ADS 80 and the AD7542 are specified to 
operate from a single 5 volt supply ; this eliminates the need 
to provide a +15 volt power supply for the sole purpose of 
operating a reference. The AD7542 includes three 4-bit data 
registers, a 12-bit DAC register, and address decoding logic; 
it may thus be interfaced directly to a 4-, 8- or 16-bit data bus. 
Only 8mA of quiescent current from the single +5 volt supply 
is required to operate the AD7542 which is packaged in a 
small 16-pin DIP. The AD544 output amplifier is also low 
power, requiring only 2.5mA quiescent current. Its laser- 
trimmed offset voltage preserves the 11/2LSB linearity of 
the AD7542KN without user trims and it typically settles 
to ±1/2 LSB in less than 3ps. It will provide the 0 to -2.5 
volt output swing from ±5 volt supplies. 


+5V 



Figure 8. Input Current vs. Input Voltage (Integral Loads) Figure la Low Power ' Low Voltage Reference for the 

AD7542 Microprocessor-Compatible 12-Bit DAC 
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ANALOG 

DEVICES 


High Precision 
1 0V 1C Reference 


A0581* 


FEATURES 

Laser-Trimmed to High Accuracy: 

10.000 Volts ±5mV (L and U) 
Trimmed Temperature Coefficient: 
5ppm/°C max, 0 to +70°C (L) 
10ppm/°C max, -55°C to +125°C (U) 
Excellent Long-Term Stability: 

25ppm/1000 hrs. (Noncumulative) 
Negative 10 Volt Reference Capability 
Low Quiescent Current: 1 .0mA max 
10mA Current Output Capability 
3-Terminal TO-5 Package 


AD581 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD581 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre- 
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +25°C as well as the temperature 
coefficient, which results in high precision performance pre- 
viously available only in expensive hybrids or oven- regulated 
modules. The 5mV initial error tolerance and 5ppm/ C guar- 
anteed temperature coefficient of the AD581L represent the 
best performance combination available in a monolithic volt- 
age reference. 

The band-gap circuit design used in the AD581 offers several 
advantages over classical Zener breakdown diode techniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current to the device, includ- 
ing the output buffer amplifier (which can supply up to 10mA) 
is typically 750juA. The long-term stability of the band-gap 
design is equivalent or superior to selected Zener reference 
diodes. 

The AD581 is recommended for use as a reference for 8-, 10- 
or 12-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
up to 14 bit accuracy, either successive approximation or inte- 
grating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The AD581J, K, and L are specified for operation from 0 to 
+70°C; the AD581S, T, and U are specified for the -55°C to 
+125 C range. All grades are packaged in a hermetically- 
sealed three-terminal TO-5 metal can. 


PRODUCT HIGHLIGHTS 

1. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with- 
out the use of external components. The AD581L has a 
maximum deviation from 10.000 volts of ±7.25mV from 

0 to +70°C, while the AD5 81 U guarantees ±15mV maximum 
total error without external trims from -55°C to +125°C. 

2. Since the laser trimming is done on the wafer prior to sepa- 
ration into individual chips, the AD581 will be extremely 
valuable to hybrid designers for its ease of use, lack of 
required external trims, and inherent high performance. 

3. The AD581 can also be operated in a two-terminal “Zener” 
mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per- 
formance in this mode is nearly equal to that of the stand- 
ard three-terminal configuration. 

4. Advanced circuit design using the band-gap concept allows 
the AD 581 to give full performance with an unregulated in- 
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 


•Covered by Patent Nos. 3,887,863; RE 30,586 


VOLTAGE REFERENCES 8-9 






SPECIFICATIONS (@V IN = + 15V and 25°C) 


Model 

AD581J 

AD581K 

AD581L 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OUTPUT VOLTAGE TOLERANCE 





(Error from nominal 10,000V output) 

±30 

±10 

±5 

mV 

OUTPUT VOLTAGE CHANGE 





Maximum Deviation from + 25°C 

±13.5 

±6.75 

±2.25 

mV 

Value, T m i„ to T max 





(Temperature Coefficient) 

30 

15 

5 

ppm/°C 

LINE REGULATION 





15V<Vi N <30V 

3.0 

3.0 

3.0 

mV 


(0.002) 

(0.002) 

(0.002) 

%/V 

13V<V in <15V 

1.0 

1.0 

1.0 

mV 


(0.005) 

(0.005) 

(0.005) 

%/V 

LOAD REGULATION 





0— IoLT— 5mA 

200 500 

200 500 

200 500 

pV/mA 

QUIESCENT CURRENT 

0.75 1.0 

0.75 1.0 

0.75 1.0 

mA 

TURN-ON SETTLING TIME TO 0. 1%’ 

200 

200 

200 

ps 

NOISE (0.1 to 10Hz) 

50 

50 

50 

pV/p-p 

LONG-TERM STABILITY 

25 

25 

25 

ppm/1000 hrs. 

SHORT-CIRCUIT CURRENT 

30 

30 

30 

mA 

OUTPUT CURRENT 





Source (a + 25°C 

10 

10 

10 

mA 

Source T min to T max 

5 

5 

5 

mA 

Sink T m i n to T max 

5 

5 

5 

pA 

Sink -55°Cto + 85°C 

- 

- 

- 

mA 

TEMPERATURE RANGE 





Specified 

0 +70 

0 +70 

0 +70 

°C 

Operating 

-65 +150 

-65 +150 

-65 +150 

°C 

PACKAGE OPTION 2 





TO-5 (H-03B) 

AD581JH 

AD581KH 

AD581LH 



Model 

AD581S 

Min Typ Max 

AD581T 

Min Typ Max 

AD581U 

Min Typ Max 

Units 

OUTPUT VOLTAGE TOLERANCE 





(Error from nominal 10,000V output) 

±30 

±10 

±5 

mV 

OUTPUT VOLTAGE CHANGE 





Maximum Deviation from + 25°C 

±30 

±15 

±10 

mV 

Value, T min to T max 





(T emperature Coefficient) 

30 

15 

10 

ppm/°C 

LINE REGULATION 





15V<Vi N <30V 

3.0 

3.0 

3.0 

mV 


(0.002) 

(0.002) 

(0.002) 

%/V 

13VsVi N <15V 

1.0 

1.0 

1.0 

mV 


(0.005) 

(0.005) 

(0.005) 

%/V 

LOAD REGULATION 





0 — Iout— 5mA 

200 500 

200 500 

200 500 

pV'mA 

QUIESCENT CURRENT 

0.75 1.0 

0.75 1.0 

0.75 1.0 

mA 

TURN-ON SETTLING TIME TO 0.1%' 

200 

200 

200 

ps 

NOISE (0.1 to 10Hz) 

50 

50 

50 

pV/p-p 

LONG-TERM STABILITY 

25 

25 

25 

ppm/ 1000 hrs. 

SHORT-CIRCUIT CURRENT 

30 

30 

30 

mA 

OUTPUT CURRENT 





Source ( a + 25°C 

10 

10 

10 

mA 

Source T min to T max 

5 

5 

5 

mA 

Sink T m j n to T max 

200 

200 

200 

pA 

Sink - 55°Cto + 85°C 

5 

5 

5 

mA 

TEMPERATURE RANGE 





Specified 

55 * 125 

55 f 125 

- 55 + 125 

°C 

Operating 

65 t 150 

65 + 150 

65 + 150 

°C 

PACKAGE OPTION 2 





TO-5 (H-03B) 

AD581SH 

AD581TH 

AD581UH 



NOTES 
'See Figure 7. 

2 See Section 14 for package outline information. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 


ABSOLUTE MAX RATINGS 

Input Voltage V IN to Ground 40V 

Power Dissipation (a :.■ + 25°C 600m W 

Operating Junction Temperature Range . . - 55°C to + 150°C 

Lead Temperature (Soldering lOsec) + 300°C 

Thermal Resistance 

Junction-to- Ambient 150°C/W 
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Applying the AD581 


APPLYING THE AD581 

The AD581 is easy to use in virtually all precision reference 
applications. The three terminals are simply primary supply, 
ground, and output, with the case grounded. No external com- 
ponents are required even for high precision applications; the 
degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The AD581 requires less 
than 1mA quiescent current from an operating supply range 
of 12 to 30 volts. 



Figure 1. AD 581 Pin Configuration ( Top View) 


An external fine trim may be desired to set the output level 
to exactly 10.000 volts within less than a millivolt (calibrated 
to a main system reference). System calibration may also re- 
quire a reference slightly different from 10.00 volts. In either 
case, the optional trim circuit shown in Figure 2 can offset the 
output by up to ±30 millivolts (with the 2212 resistor), if 
needed, with minimal effect on other device characteristics. 


+15V 
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VOLTAGE VARIATION vs. TEMPERATURE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer- 
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., lOppm/ C. However, because of non- 
linearities in temperature characteristics, which originated in 
standard Zener references (such as “S” type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera- 
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the ADS 81 
consistently follows the S-curve shown in Figure 4. Five-point 
measurement of each device guarantees the error band over the 
-55°C to +125°C range; three-jroint measurement guarantees 
the error band from 0 to +70 C. 

The error band which is guaranteed with the AD581 is the 
maximum deviation from the initial value at +25°C; this error 
band is of more use to a designer than one which simply guar- 
antees the maximum total change over the entire range (i.e., 
in the latter definition, all of the changes could occur in the 
positive direction). Thus, with a given grade of the AD581, the 
designer can easily determine the maximum total error from 
initial tolerance plus temperature variation (e.g., for the 
AD 5 8 IT, the initial tolerance is ±10mV, the temperature error 
band is ±15mV, thus the unit is guaranteed to be 10.000 volts 
±25mV from -55°C to +125°C). 



-55-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120125 

TEMPERATURE - °C 

Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 

The AD581 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur- 
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur- 
rent characteristics of the device are shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur- 


rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. 

DYNAMIC PERFORMANCE 

Many low power instrument manufacturers are becoming in- 
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD581. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±1 millivolt is about 180/is, and 
there is no long thermal tail appearing after the point. 



0 50 100 150 200 250 

SETTLING TIME -ms 


Figure 6. Output Settling Characteristic 



FREQUENCY - Hz 


Figure 7. Spectral Noise Density and Total rms Noise 
vs. Frequency 
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Figure 5. AD581 Output Voltage vs. Sink and Source Current 


Figure 8. Quiescent Current vs. Temperature 
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AD581 


PRECISION HIGH CURRENT SUPPLY 

The AD581 can be easily connected with power pnp or power 
darlington pnp devices to provide much greater output current 
capability. The circuit shown in Figure 9 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.ljuF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 



Figure 9. High Current Precision Supply 

CONNECTION FOR REDUCED PRIMARY SUPPLY 

While line regulation is specified down to 13 volts, the typical 
AD581 will work as specified down to 12 volts or below. The 
current sink capability allows even lower supply voltage capa- 
bility such as operation from 12V ±5% as shown in Figure 10. 
The 56012 resistor reduces the current supplied by the AD581 
to a manageable level at full 5mA load. Note that the other 
bandgap references, without current sink capability, may be 
damaged by use in this circuit configuration. 




BOTTOM VIEW OF 
10 VOLT PRECISION 
REFERENCE CIRCUIT 
IN TO-5 CASE 


Figure 7 7. A Two-Component Precision Current Limiter 


NEGATIVE 10- VOLT REFERENCE 

The AD581 can also be used in a two-terminal “Zener” mode 
to provide a precision -10.00 volt reference. As shown in Fig- 
ure 1 3 , the Vin and Vqut terminals are connected together 
to the high supply (in this case, ground). The ground pin is 
connected through a resistor to the negative supply. The out- 
put is now taken from the ground pin instead of Vq UT . With 
1mA flowing through the AD581 in this mode, a typical unit 
will show a 2mV increase in output level over that produced 
in the three-terminal mode. Note also that the effective output 
impedance in this connection increases from 0.212 typical to 
2 ohms. It is essential to arrange the output load and the sup- 
ply resistor, Rg, so that the net current through the AD581 is 
always between 1 and 5mA. The temperature characteristics 
and long-term stability of the device will be essentially the 
same as that of a unit used in the standard three-terminal 
mode. The operating temperature range is limited to -55 C 
to +85°C. 



The AD581 can also be used in a two-terminal mode to develop 
a positive reference. V IN and V OUT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg- 
ative two-terminal connection. The only advantage of this con- 
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 10.5 volts. This 
type of operation will require considerable attention to load 
and primary supply regulation to be sure the AD581 always 
remains within its regulating range of 1 to 5mA. 


Figure 10. 12-Volt Supply Connection 

THE AD581 AS A CURRENT LIMITER 

The AD581 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
This approach often results in temperature coefficients of 
1%/ C. The AD581 approach is not limited to a defined 
set current limit; it can be programmed from 0.75 to 5mA 
with the insertion of a single external resistor. Of course, the 
minimum voltage required to drive the connection is 13 volts. 
The AD580, which is a 2.5 volt reference, can be used in this 
type of circuit with compliance voltage down to 4.5 volts. 
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10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR A/D CONVERTERS 

The AD581 is ideal for application with the entire AD7533 
series of 10- and 12-bit multiplying CMOS D/A converters, 
especially for low power applications. It is equally suitable for 
the AD7574 8-bit A/D converter. In the standard hook-up, as 
shown in Figure 14, the +10 volt reference is inverted by the 
amplifier/DAC configuration to produce a 0 to -10 volt range. 
If an AD308 amplifier is used, total quiescent supply current 
will typically be 2mA. If a 0 to +10 volt full scale range is 
desired, the AD581 can be connected to the CMOS DAC in its 
-10 volt “Zener” mode, as shown in Figure 12 (the -IOVref 
output is connected directly to the Vref IN of the CMOS 
DAC). The AD581 will normally be used in the -10 volt mode 
with the AD7574 to give a 0 to +10 volt ADC range. This is 
shown in Figure 14. Bipolar output applications and other 
operating details can be found in the data sheets for the 
CMOS products. 


PRECISION 12-BIT D/A CONVERTER REFERENCE 
The AD562, like most D/A converters, is designed to operate 
with a +10 volt reference element. In the AD562, this 10 volt 
reference voltage is converted into a reference current of ap- 
proximately 0.5mA via the internal 19.95k£2 resistor (in series 
with the external 100£2 trimmer). The gain temperature coef- 
ficient of the AD 5 62 is primarily governed by the temperature 
tracking of the 19.95kf2 resistor and the 5k/10k span resistors 
this gain T.C. is guaranteed to 3ppm/°C. Thus, using the 
AD581L (at 5ppm/ C) as the 10 volt reference guarantees a 
maximum full scale temperature coefficient of 8ppm/°C over 
the commercial range. The 10 volt reference also supplies the 
normal 1mA bipolar offset current through the 9.95k bipolar 
offset resistor. The bipolar offset T.C. thus depends only on 
the T.C. matching of the bipolar offset resistor to the input 
reference resistor and is guaranteed to 3ppm/°C. 


+15V 



-15V +5V 



Figure 13. Low Power 10-Bit CMOS DAC Application Figure 14. AD581 as Negative 10-Volt Reference for 

CMOS ADC 


-15V +5/+15V 



Figure 15. Precision 12-Bit D/A Converter 
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ANALOG 

DEVICES 


Pin Programmable 
Precision Voltage Reference 


AD584* 


FEATURES 

Four Programmable Output Voltages: 

10.000V, 7.500V, 5.000V, 2.500V 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient: 

5ppm/°C max, 0 to +70°C (AD584L) 
15ppm/°C max, -55°C to + 125°C (AD584T) 
Zero Output Strobe Terminal Provided 
Two Terminal Negative Reference 
Capability (5V & Above) 

Output Sources or Sinks Current 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 


AD584 PIN CONFIGURATIONS 
8-Pin TO-99 

TAB 



8-Pin DIP 


io °v [T 

5.0V [~2~ 


2.5 V 
COMMON 


E 

E 


AD584 

TOP VIEW 
(Not to Scale) 


II 

II 

II 

I] 


+ V 
CAP 
Vbg 

STROBE 


20-Pin LCC 


PRODUCT DESCRIPTION 

The AD584 is an eight-terminal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7.500V, 5.000V and 2.500V. Other out- 
put voltages, above, below or between the four standard out- 
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 

Laser Wafer Trimming (LWT) is used to adjust the pin-program- 
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 

In addition to the programmable output voltages, the AD584 
offers a unique strobe terminal which permits the device to be 
turned on or off. When the AD584 is used as a power supply 
reference, the supply can be switched off with a single, low- 
power signal. In the “off” state the current drain by the 
AD584 is reduced to about 100juA. In the “on” state the total 
supply current is typically 750/iA including the output buffer 
amplifier. 

The AD584 is recommended for use as a reference for 8-, 10- 
or 12-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The AD584J, K, and L are specified for operation from 0 to 
+70°C and packaged in 8-pin plastic package; the AD584S 
and T are specified for the -55 C to +125 C range. All 
grades are packaged in a hermetically sealed eight- 
terminal TO-99 metal can and 20-pin LCC for surface 
mount applications. 

♦Covered by U.S. Patent No. 3,887,863; RE 30,586 


z ” 

3 2 


Z > Z 
1 20 19 



NC = NO CONNECT 


NC 

CAP 

NC 

V BG 

NC 


PRODUCT HIGHLIGHTS 

1. The flexibility of the AD584 eliminates the need to design- 
in and inventory several different voltage references. Further- 
more one AD 5 84 can serve as several references simultane- 
ously when buffered properly. 

2. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with- 
out the use of external components. The AD584LH has a 
maximum deviation from 10.000 volts of ±7.25 mV from 

0 to +70°C. 

3. The AD584 can be operated in a two-terminal “Zener” 
mode at 5 volts output and above. By connecting the input 
and the output, the AD584 can be used in this “Zener” 
configuration as a negative reference. 

4. The output of the AD584 is configured to sink or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the AD 5 84 without damage to 
the reference and without disturbing the output voltage 
(10V, 7.5V and 5V outputs). 
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SPECIFICATIONS (@ V m = 15V and 25°C) 


Model 

AD584J 

AD584K 

AD584L 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OUTPUT VOLTAGE TOLERANCE 





Maximum Error 1 for Nominal 





Outputs of: 

1 1 




10.000V 

■ ' 

±10 

±5 

mV 

7.500V 

mgm 

±8 

±4 

mV 

5.000V 



±3 

mV 

2.500V 

■■B9 


±2.5 

mV 

OUTPUT VOLTAGE CHANGE 





Maximum Deviation from + 25°C 





Value, T min toT max 2 





10.000, 7.500, 5.000V Outputs 

30 

15 

5 

ppm/°C 

2.500V Output 

30 

15 

10 

ppm/°C 

Differential Temperature 





Coefficients Between Outputs 

5 

3 

3 

ppm/°C 

QUIESCENT CURRENT 

0.75 1.0 

0.75 1.0 

0.75 1.0 

mA 

Temperature Variation 

1.5 

1.5 

1.5 

pA/°C 

TURN-ON SETTLING TIME TO 0. 1% 

200 

200 

200 

p.s 

NOISE 





(O.ltolOHz) 

50 

50 

50 

M-V p-p 

LONG-TERM STABILITY 

25 

25 

25 

ppm/1000 Hrs. 

SHORT-CIRCUIT CURRENT 

30 

30 

30 

mA 

LINE REGULATION (No Load) 





15V<V in <30V 

0.002 

0.002 

0.002 

%/V 

(VouT+2.5V)<V m <15V 

0.005 

0.005 

0.005 

%/v 

LOAD REGULATION 





0— IouT~5mA, All Outputs 

20 50 

20 50 

20 50 

ppm/mA 

OUTPUT CURRENT 





Vin — V 0 xj T + 2.5V 





Source^" +25°C 

10 

10 

10 

mA 

Source T min to T max 

5 

5 

5 

mA 

Sink T m j„ to T max 

5 

5 

5 

mA 

Sink - 55°C to +85°C 

- 

- 


mA 

TEMPERATURE RANGE 





Operating 

0 +70 

0 +70 

0 +70 

°C 

Storage 

-65 +175 

-65 +175 

-65 +175 

°C 

PACKAGE OPTIONS 3 





TO-99 (H-08 A) 

AD584JH 

AD584KH 

AD584LH 


Plastic (N-8) 

AD584JN 

AD584KN 

AD584LN 


LCC (E-20A) 

AD584JE 

AD584KE 

AD584LE 



NOTES 

'At Pin 1 . Specifications shown in boldface are tested on all production units at final electri- 

2 Calculated as average over the operating temperature range. cal test. Results from those tests are used to calculate outgoing quality levels. All 

3 See Section 14 for package outline information. min and max specifications are guaranteed, although only those shown in 

Specifications subject to change without notice. boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage V IN to Ground 40V 

Power Dissipation @ +25°C 600mW 

Operating Junction Temperature Range . . - 55°C to + 125°C 

Lead Temperature (Soldering lOsec) + 300°C 

Thermal Resistance 

Junction-to- Ambient (H-08A) 150°C/W 

(E-20A) 120°C/W 
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AD584 


Model 

AD584S 

AD584T 



Min Typ Max 

Min Typ Max 

Units 

OUTPUT VOLTAGE TOLERANCE 




Maximum Error 1 for Nominal 




Outputs of: 




10.000V 

±30 

±10 

mV 

7.500V 

±20 

±8 

mV 

5.000V 

±15 

±6 

mV 

2.500V 

±7.5 

±3.5 

mV 

OUTPUT VOLTAGE CHANGE 




Maximum Deviation from + 25°C 




V alue , T m i n to T max 2 




10.000, 7.500, 5.000V Outputs 

30 

15 

ppm/°C 

2.500V Output 

30 

20 

ppm/°C 

Differential Temperature 




Coefficients Between Outputs 

5 

3 

ppm/°C 

QUIESCENT CURRENT 

0.75 1.0 

0.75 1.0 

mA 

Temperature Variation 

1.5 

1.5 

jjlA/°C 

TURN-ON SETTLING TIME TO 0. 1% 

200 

200 

p.s 

NOISE 




(O.ltolOHz) 

50 

50 

M-Vp-p 

LONG-TERM STABILITY 

25 

25 

ppm/1000 Hrs. 

SHORT-CIRCUIT CURRENT 

30 

30 

mA 

LINE REGULATION (No Load) 




15V<V in <30V 

0.002 

0.002 

%/V 

(Vout +2.5V)<V in <15V 

0.005 

0.005 

%/V 

LOAD REGULATION 




0— loirr— 5mA, All Outputs 

20 50 

20 50 

ppm/mA 

OUTPUT CURRENT 




Vin-Vout +2.5V 




Source (a) + 25°C 

10 

10 

mA 

Source T m j n to T max 

5 

5 

mA 

Sink T min to T max 

200 

200 

M-A 

Sink - 55°C to + 85°C 

5 

5 

mA 

TEMPERATURE RANGE 




Operating 

-55 +125 

-55 +125 

°C 

Storage 

-65 +175 

-65 +175 

°C 

PACKAGE OPTIONS 3 




TO-99 (H-08A) 

AD584SH 

AD584TH 


LCC (E-20A) 

AD584SE 

AD584TE 



NOTES 
'At Pin 1. 

Calculated as average over the operating temperature range. 
3 See Section 14 for package outline information. 
Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Applying the AD584 

APPLYING THE AD584 

With power applied to pins 8 and 4 and all other pins open the 
AD584will produce a buffered nominal 10. 0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 
may be reduced to 7.5V, 5.0V or 2.5V by connecting the 
programming pins as follows: 

OUTPUT VOLTAGE PIN PROGRAMMING 

7.5V Join the 2.5V and 5.0V pins (2) 

and (3). 

5.0V Connect the 5.0V pin (2) to the 

output pin (1). 

2.5V Connect the 2.5V pin (3) to the 

output pin (1). 

The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
AD584, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 



•THE 2.5V TAP IS USED INTERNALLY AS A BIAS POINT 
AND SHOULD NOT BE CHANGED BY MORE THAN lOOmV 
IN ANY TRIM CONFIGURATION. 


Figure 1. Variable Output Options 
The AD584 can also be programmed over a wide range of out- 
put voltages, including voltages greater than 10V, by the ad- 
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistors of the AD584. The AD584 may 
be modeled as an op amp with a noninverting feedback con- 
nection, driven by a high stability 1.215 volt bandgap refer- 
ence (see Figure 3 for schematic). 

When the feedback ratio is adjusted with external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, 5.12V, 2.56V or 6.3 V easy to obtain. The most gener- 
al adjustment (which gives the greatest range and poorest reso- 
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.5V pin 3 will be connected to the out- 
put, which will reduce to 2.5V. As R1 is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6kf2, the upper limit of the output 
range will be about 20V even for large values of Rl. R2 should 


not be omitted; its value should be chosen to limit the output 
to a value which can be tolerated by the load circuits. If R2 is 
zero, adjusting Rl to its lower limit will result in a loss of 
control over the output voltage. If precision voltages are re- 
quired to be set at levels other than the standard outputs, the 
20% absolute tolerance in the internal resistor ladder must be 
accounted for. 

Alternatively, the output voltage can be raised by loading the 
2.5 V tap with R3 alone. The output voltage can be lowered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. In all cases 
the resistors should have a low temperature coefficient to 
match the AD584 internal resistors, which have a negative T.C. 
less than 60ppm/°C. If both R3 and R4are used, these resistors 
should have matched temperature coefficients. 

When only small adjustments or trims are required, the circuit 
of Figure 2 offers better resolution over a limited trim range. 
The circuit can be programmed to 5.0V, 7.5V or 10V and 
adjusted by means of Rl over a range of about ±200mV. To 
trim the 2.5V output option, R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, the 
adjustment should be limited to ±100mV in order to avoid 
affecting the performance of the AD 5 84. 


v+ 




Figure 3. Schematic Diagram 
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Performance of the AD584 


PERFORMANCE OVER TEMPERATURE 
Each AD 5 84 is tested at five temperatures over the -55°C to 
+ 125°C range to ensure that each device falls within the 
Maximum Error Band (see Figure 4) specified for a particular 
grade (i.e., S and T grades); three-point measurement guaran- 
tees performance within the error band from 0 to +70° C (i.e., 
J, K, or L grades). The error band guaranteed for the AD584 
is the maximum deviation from the initial value at +25°C. 
Thus, given the grade of the AD584, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature variation. For example, for the AD584T, the 
initial tolerance is ±10mV and the error band is ±15mV. 
Hence, the unit is guaranteed to be 10.000 volts ±25mV from 
-55°C to +125°C. 



-55 0 25 70 125 

TEMPERATURE - °C 


Figure 4. Typical Temperature Characteristic 

OUTPUT CURRENT CHARACTERISTICS 
The AD584 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur- 
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur- 
rent characteristics of the device is shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur- 
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. 



SOURCE 'SINK 

OUTPUT CURRENT - mA 

Figure 5. AD584 Output Voltage 
vs. Sink and Source Current 

DYNAMIC PERFORMANCE 

Many low power instrument manufacturers are becoming in- 
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 


needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD584. Figure 6a is generated from cold-start operation 
and represents the true turn-on waveform after an extended 
period with the supplies off. The figure shows both the coarse 
and fine transient characteristics of the device; the total settling 
time to within ±1 millivolt is about 180jus, and there is no 
long thermal tail appearing after the point. 



0 50 100 150 200 250 

SETTLING TIME -ms 


Figure 6. Output Settling Characteristic 
NOISE FILTERING 

The bandwidth of the output amplifier in the AD584 can be 
reduced to filter the output noise. A capacitor ranging between 
O.OljuF and 0.1/iF connected between the Cap and Vbg termi- 
nals will further reduce the wideband and feedthrough noise 
in the output of the AD584, as shown in Figure 8. However, 
this will tend to increase the turn-on settling time of the 
device so ample warm-up time should be allowed. 


SUPPLY 



Figure 7. Additional Noise Filtering 
with an External Capacitor 



10 100 Ik 10k 100k 1M 

FREQUENCY - Hz 


Figure 8. Spectral Noise Density and Total rms Noise 
vs. Frequency 


VOLTAGE REFERENCES 8-19 






Applications of the AD584 

USING THE STROBE TERMINAL 

The AD584 has a strobe input which can be used to zero the 
output. This unique feature permits a variety of new applica- 
tions in signal and power conditioning circuits. 

Figure 9 illustrates the strobe connection. A simple NPN 
switch can be used to translate a TTL logic signal into a strobe 
of the output. The AD584 operates normally when there is 
no current drawn from pin 5. Bringing this terminal low, to 
less than 200m V, will allow the output voltage to go to zero. 

In this mode the AD584 should not be required to source or 
sink current (unless a 0.7V residual output is permissible). If 
the AD584 is required to sink a transient current while strobed 
off, the strobe terminal input current should be limited by a 
100O resistor as shown in Figure 9. 

The strobe terminal will tolerate up to 5juA leakage and its 
driver should be capable of sinking 500/M. continuous. A low 
leakage open collector gate can be used to drive the strobe 
terminal directly, provided the gate can withstand the AD 5 84 
output voltage plus one volt. 



Figure 9. Use of the Strobe Terminal 
PRECISION HIGH CURRENT SUPPLY 
The AD584 can be easily connected to a power PNP or power 
Darlington PNP device to provide much greater output current 
capability. The circuit shown in Figure 10 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
0.1 juF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 


The AD584 can also use an NPN or Darlington NPN transistor 
to boost its output current. Simply connect the 10V output 
terminal of the AD584 to the base of the NPN booster and take 
the output from the booster emitter as shown in Figure 11. 
The 5.0V or 2.5V pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (as shown in 
Figures 1 and 2) may be combined with +5.0V connection to 
obtain outputs above +5.0V. 


RAW SUPPLY (*5V > Vqut) 



Figure 1 1. NPN Output Current Booster 

THE AD584 AS A CURRENT LIMITER 
The AD584 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
Use of current limiting diodes often results in temperature 
coefficients of 1%/°C. Use of the AD584 in this mode is not 
limited to a set current limit; it can be programmed from 0.75 
to 5mA with the insertion of a single external resistor (see 
Figure 12). Of course, the minimum voltage required to drive 
the connection is 5 volts. 


j+vs 


8 

1 

3 

AD584 

4 

VOUT = 


2.5V 

TAP 

1 COMMON 1 



0.75mA 


6 



Figure 10. High Current Precision Supply 


Figure 12. A Two-Component Precision Current Limiter 

NEGATIVE REFERENCE VOLTAGES FROM AN AD584 
The AD584 can also be used in a two-terminal “zener” mode 
to provide a precision -10, -7.5 or -5.0 volt reference. As 
shown in Figure 13, the V IN and Vqut terminals are con- 
nected together to the positive supply (in this case, ground). 
The AD584 common pin is connected through a resistor to the 
negative supply. The output is now taken from the common 
pin instead of VouT- With 1mA flowing through the AD584 in 
this mode, a typical unit will show a 2mV increase in output 
level over that produced in the three-terminal mode. Note also 
that the effective output impedance in this connection in- 
creases from 0.2O typical to 20. It is essential to arrange 
the output load and the supply resistor, R§, so that the net 
current through the AD584 is always between 1 and 5mA. 

The temperature characteristics and long-term stability of the 
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8 

1 

2 

AD584 

4 

VOUT 

5.0V 

TAP 


COMMON 


R s | 2.4kS7 5% 
-15 V 


ANALOG 

GND 


Vref 

-5V 


Figure 13. Two-Terminal -5 Volt Reference 


device will be essentially the same as that of a unit used in the 
standard three-terminal mode. The operating temperature range 
is limited to -55°C to +85°C. 

The AD584 can also be used in a two-terminal mode to develop 
a positive reference. Vjn and Vout are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg- 
ative two-terminal connection. The only advantage of this con- 
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 0.5 volts above 
the desired output voltage. This type of operation will require 
considerable attention to load and primary supply regulation 
to be sure the AD584 always remains within its regulating 
range of 1 to 5mA. 

10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A 
OR A/D CONVERTERS 

The AD584 is ideal for application with the entire AD7520 
series of 10- and 12-bit multiplying CMOS D/A converters, 
especially for low power applications. It is equally suitable for 
the AD7574 8-bit A/D converter. In the standard hook-up as 
shown in Figure 14, the standard output voltages are inverted by 


the amplifier/DAC configuration to produce converted voltage 
ranges. For example, a +10V reference produces a 0 to -10V 
range. If an AD308 amplifier is used, total quiescent supply 
current will typically be 2mA. The AD584 will normally be 
used in the -10 volt mode with the AD7574 to give a 0 to +10 
volt ADC range. This is shown in Figure 16. Bipolar output 
applications and other operating details can be found in the 
data sheets for the CMOS products. 

+15V 



Figure 14. Low Power 10-Bit CMOS DAC Application 


PRECISION D/A CONVERTER REFERENCE 
The AD562, like many D/A converters, is designed to operate 
with a +10 volt reference element (Figure 15). In the AD562, 
this 10 volt reference voltage is converted into a reference cur- 
rent of approximately 0.5mA via the internal 19.95k£2 resistor 
(in series with the external 100£2 trimmer). The gain tempera- 
ture coefficient of the AD562 is primarily governed by the 
temperature tracking of the 19.95k£2 resistor and the 5k/10k 


-15V +5/+15V 



R1 A = ANALOG GROUND 

lOOtt, 15T 

BIPOLAR OFFSET ADJ. 


Figure 15. Precision 12-Bit D/A Converter 
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span resistors; this gain T.C. is guaranteed to 3ppm/°C. Thus, 
using the AD584L (at 5ppm/°C) as the 10 volt reference 
guarantees a maximum full scale temperature coefficient of 
8ppm/°C over the commercial range. The 10 volt reference 
also supplies the normal 1mA bipolar offset current through 
the 9.95k bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T.C. matching of the bipolar offset resis- 
tor to the input reference resistor and is guaranteed to 3ppm/°C. 
Figure 17 demonstrates the flexibility of the AD584 applied 
to another popular D/A configuration. 


-15V +5V 



isnotI requVrecT 



Figure 17. Current Output 8-Bit D/A 


Figure 16. AD584 as Negative 10 Volt Reference for 
CMOS ADC 


METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 


V+ 8 


SUBSTRATE 9** 


10V 1* 


0.080 

(2.03) CAP 


7 

/ 



2 3 

5V* 2.5V* 


V BG 

0.061 

(1.55) 

STROBE 

COMMON 
OR V- 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99, 8-PIN METAL PACKAGE. 

INTERCONNECTIONS REQUIRED; SEE PIN DESIGNATIONS FOR INFORMATIONS. 
**NOT BROUGHT OUT IN PACKAGED DEVICE. 


8-22 VOLTAGE REFERENCES 





ANALOG 

DEVICES 


FEATURES 

Laser Trimmed to High Accuracy: 

5.000V ±2.5mV (L Grade) 

Trimmed Temperature Coefficient: 

5ppm/°C max, 0 to +70°C (L Grade) 
10ppm/°C max, -55°C to + 125°C (T Grade) 
Noise Reduction Capability 
Low Quiescent Current: 3mA max 
Output Trim Capability 


High-Precision 
5 V Reference 

AD586 

AD586 FUNCTIONAL BLOCK DIAGRAM 



VoUT 

TRIM 


GROUND 

NOTE: PINS 1, 3 & 7 ARE INTERNAL TEST POINTS. 

MAKE NO CONNECTIONS TO THESE POINTS. 



PRODUCT DESCRIPTION 

The AD586 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD586 provides outstanding performance 
at low cost. 

The AD586 offers much higher performance than most other 
5V references. Because the ADS 86 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD586. 
The buried Zener approach to reference design provides lower 
noise and drift than bandgap voltage references. The AD586 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 

The AD586 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap- 
proximation or integrating A/D converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 

The AD586J, K and L are specified for operation from 0 to 
+ 70°C, and the AD586S and T are specified for - 55°C to 
+ 125°C operation. All grades are packaged in an 8-pin cerdip 
package. The AD586J and the AD586K are also available in an 
8-pin plastic surface mount small outline (SO) package. 


PRODUCT HIGHLIGHTS 

1 . Laser trimming of both initial accuracy and temperature 
coefficients results in very low errors over temperature without 
the use of external components. The AD586L has a maximum 
deviation from 5.000V of ±3.625mV between 0 and +70°C, 
and the AD586T guarantees ±7.5mV maximum total error 
between - 55°C and + 125°C. 

2. For applications requiring higher precision, an optional fine- 
trim connection is provided. 

3. Any system using an industry standard pinout reference can 
be upgraded instantly with the AD586. 

4. Output noise of the AD586 is very low, typically 4(jlV p-p. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 
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(T a = + 25°C, V IN = + 1 5V unless otherwise specified) 



AD586J 

AD586K 

AD586L 

AD586S 

AD586T 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

Output Voltage 

4.980 5.020 

4.995 5.005 


4.990 5.010 

myrmm 

V 

Output Voltage Drift 1 







Oto + 70°C 

25 

15 

5 



ppm/°C 

- 55°Cto + 125°C 




20 

10 


Gain Adjustment 

+ 6 

+ 6 

+ 6 

+ 6 

+ 6 

% 


-2 

-2 

-2 

-2 

-2 


Line Regulation 1 







10.8V < + Vin < 36 V 







T™ to T max 

100 

100 

100 



± p-V/V 

11.4V< +V m <36V 







T min to T max 




150 

150 


Load Regulation 1 







Sourcing 0 < Iout < 10mA 







25°C 

100 

100 

100 

150 

150 

p,V/mA 

Tmin tO T max 

100 

100 

100 

150 

150 


Sinking - 10 < I 0 ut <0mA 







25°C 

400 

400 

400 

400 

400 


Quiescent Current 

2 3 

2 3 

2 3 

2 3 

2 3 

mA 

Power Consumption 

30 

30 

30 

30 

30 

mW 

Output Noise 







0.1Hz to 10Hz 

4 

4 

4 

4 

4 

pVp-p 

Spectral Density, 100Hz 

100 

100 

100 

100 

100 

nV/VHz 

Long-Term Stability 

15 

15 

15 

15 

15 

ppm/lOOOHr 

Short-Circuit Current-to-Ground 

o 

ID 

o 

CD 

30 50 

30 50 

30 50 

30 50 

mA 

Temperature Range 







Specified Performance 

0 +70 

0 +70 

0 +70 

-55 +125 

-55 +125 

°C 

Operating Performance 2 

-40 +85 

-40 +85 

-40 +85 

-55 +125 

-55 +125 



NOTES 

'Maximum output voltage drift is guaranteed for all packages and grades. Cerdip packaged parts are also 
100% production tested. 

2 The operating temperature ranged is defined as the temperatures extremes at which the device will still function. 

Parts may deviate from their specified performance outside their specified temperature range. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Result from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units 
unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS* 


Vin to Ground 36V 

Power Dissipation (25°C) 500mW 

Storage Temperature -65°C to 4- 150°C 

Lead Temp (Soldering, lOsec) 300°C 

Package Thermal Resistance 

0jc 22°C/W 

0ja 110°C/W 


Output Protection: Output safe for indefinite short to ground or 
V IN . 


CONNECTION DIAGRAM 



| NOISE REDUCTION 
I NC 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 
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AD586 

niF <vPFP I FI P ATI fiNQ The following specifications are tested at the die level for AD586JCHIPS. These die are probed at 25°C only. 

Ult orLUiriUHIIUIlOg^ + 2 5°C,V IN = +15V unless otherwise specified) 

AD586JCHIPS 


Parameter 

Min Typ 

Max 

Units 

Output Voltage 

4.980 

5.020 

V 

Gain Adjustment 

+ 6 


% 

Line Regulation 

10.8V <+V in <36V 

-2 

100 

% 

±*iV/V 

Load Regulation 

Sourcing 0 <I O ut <10mA 


100 

fiV/mA 

Sinking - 10 <I O ut <0mA 


400 

IJiV/mA 

Quiescent Current 


3 

mA 

Short-Circuit Current-to-Ground 


50 

mA 


DIE LAYOUT 



NOTES Die Size : 0.081 x 0. 060 inches 

'Both Vout pads should be connected to the output. 

Die Thickness: The standard thickness of Analog Devices Bipolar dice is 24 mils ± 2 mils. 

Die Dimensions: The dimensions given have a tolerance of ± 2 mils. 

Backing: The standard backside surface is silicon (not plated). Analog Devices does not recommend gold-backed dice 
for most applications. 

Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 
In contrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 

Top Surface: The standard top surface of the die is covered by a layer of glassivation. All areas are covered except 
bonding pads and scribe lines. 

Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mils. The passivation windows have 3. 5 mils 
by 3.5 mils minimum. 

ORDERING GUIDE 



Initial 

Temp. 

Temp. 

Package 

Model 

Error 

Coefficient 

Range 

Options* 


mV 

ppm/°C 

°C 


AD586JQ 

20 

25. 

Oto +70 

Cerdip (Q-8) 

AD586JR 

20 

25 

0 to + 70 

SOIC (R-8) 

AD586KQ 

5 

15 

0 to +70 

Cerdip (Q-8) 

AD586KR 

5 

15 

0 to + 70 

SOIC (R-8) 

AD586LQ 

2.5 

5 

Oto +70 

Cerdip (Q-8) 

AD586SQ 

10 

20 

-55 to + 125 

Cerdip (Q-8) 

AD586TQ 

2.5 

10 

-55 to + 125 

Cerdip (Q-8) 

AD586JCHIPS 

20 

25 

Oto +70 

- 


*See Section 14 for package outline information. 
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THEORY OF OPERATION 

The AD586 consists of a proprietary buried Zener diode reference, 
an amplifier to buffer the output and several high stability thin-film 
resistors as shown in the block diagram in Figure 1 . This design 
results in a high precision monolithic 5V output reference with 
initial offset of 2.5mV or less. The temperature compensation 
circuitry provides the device with a temperature coefficient of 
under 5 ppm/°C. 


+ V IN NOISE REDUCTION 



GROUND 

NOTE: PINS 1, 3 & 7 ARE INTERNAL TEST POINTS. 

MAKE NO CONNECTIONS TO THESE POINTS. 


Figure 1. AD586 Functional Block Diagram 

Using the bias compensation resistor between the Zener output 
and the noninverting input to the amplifier, a capacitor can be 
added at the NOISE REDUCTION pin (Pin 8) to form a low 
pass filter and reduce the noise contribution of the Zener to the 
circuit. 

APPLYING THE AD586 

The AD586 is simple to use in virtually all precision reference 
applications. When power is applied to Pin 2 and Pin 4 is grounded, 
Pin 6 provides a 5V output. No external components are required; 
the degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The AD586 requires less 
than 3mA quiescent current from an operating supply of + 12V 
or + 15V. 

An external fine trim may be desired to set the output level to 
exactly 5.000V (calibrated to a main system reference). System 
calibration may also require a reference voltage that is slightly 
different from 5.000V, for example, 5.12V for binary applications. 
In either case, the optional trim circuit shown in Figure 2 can 
offset the output by as much as 300mV, if desired, with minimal 
effect on other device characteristics. 


+ V|N 



Figure 2. Optional Fine Trim Configuration 


NOISE PERFORMANCE AND REDUCTION 

The noise generated by the AD586 is typically less than 4|xV 
p-p over the 0.1Hz to 10Hz band. Noise in a 1MHz bandwidth 
is approximately 200|jlV p-p. The dominant source of this noise 
is the buried Zener which contributes approximately 100nV/VHz. 
In comparison, the op amp’s contribution is negligible. Figure 3 
shows the 0.1Hz to 10Hz noise of a typical AD586. The noise 
measurement is made with a bandpass filter made of a 1-pole 
high-pass filter with a corner frequency at 0.1 Hz and a 2-pole 
low-pass filter with a corner frequency at 12.6Hz to create a 
filter with a 9.922Hz bandwidth. 



Figure 3. 0. 1Hz to 10Hz Noise 


If further noise reduction is desired, an external capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2. This capacitor, combined with the 4kU R s 
and the Zener resistances form a low-pass filter on the output of 
the Zener cell. A l|xF capacitor will have a 3dB point at 12Hz, 
and it will reduce the high-frequency (to 1MHz) noise to about 
160|xV p-p. Figure 4 shows the 1MHz noise of a typical AD586 
both with and without a IjjlF capacitor. 



Figure 4. Effect of IpF Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 

Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error 
band is defined as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the thermal gradients on the chip to 
stabilize. Figure 5 shows the turn-on characteristics of the AD586. 
It shows the settling to be about 60|xsec to 0.01%. Note the 
absence of any thermal tails when the horizontal scale is expanded 
to lms/cm in Figure 5b. 
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Circuit Operation -AD586 


Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode’s current source, resulting in a 
somewhat longer turn-on time. In the case of a lfxF capacitor, 
the initial turn-on time is approximately 400ms to 0.01% (see 
Figure 5c). 



a. Electrical Turn-On 


DYNAMIC PERFORMANCE 

The output buffer amplifier is designed to provide the AD586 
with static and dynamic load regulation superior to less complete 
references. 

Many A/D and D/A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter’s performance. 

Figure 6 displays the characteristics of the AD586 output amplifier 
driving a 0 to 10mA load. 



Figure 6a. Transient Load Test Circuit 



c. Turn-on with 1/xF C N 


Figure 6c. Fine-Scale Settling for Transient Load 


Figure 5. Turn-on Characteristics 
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In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD586 
by a long capacitive cable. 

Figure 7 displays the output amplifier characteristics driving a 
lOOOpF, 0 to 10mA load. 



Figure 7a. Capacitive Load Transient Response Test 
Circuit 


Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, references 
have been characterized using a maximum deviation per degree 
Centrigrade; i.e., ppm/°C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as “S” type characteristics), most manufacturers 
have begun to use a maximum limit error band approach to 
specify devices. This technique involves the measurement of the 
output at three or more different temperatures to specify an 
output voltage error band. 

Figure 9 shows the typical output voltage drift for the AD586L 
and illustrates the test methodology. The box in Figure 9 is 
bounded on the sides by the operating temperature extremes, 
and on the top and the bottom by the maximum and minimum 
output voltages measured over the operating temperature range. 
The slope of the diagonal drawn from the lower left to the upper 
right corner of the box determines the performance grade of the 
device. 


c L =o 


C L = lOOOpF 




" (T m .«-T mln )x5x10-‘ 


Figure 7b. Output Response with Capacitive Load 


Figure 9. Typical AD586L Temperature Drift 


LOAD REGULATION 

The AD586 has excellent load regulation characteristics. Figure 
8 shows that varying the load several mA changes the output by 
a few p,V. The AD586 has somewhat better load regulation 
performance sourcing current than sinking current. 


AV out (hV) 



1000 


Figure 8. Typical Load Regulation Characteristics 

TEMPERATURE PERFORMANCE 

The AD586 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device’s high level of performance is 
maintained over the operating temperature range. 


Each AD586JQ, KQ and LQ grade unit is tested at 0, + 25°C 
and + 70°C. Each AD586SQ and TQ grade unit is tested at 
- 55°C, + 25°C and + 125°C. This approach ensures that the 
variations of output voltage that occur as the temperature changes 
within the specified range will be contained within a box whose 
diagonal has a slope equal to the maximum specified drift. The 
position of the box on the vertical scale will change from device 
to device as initial error and the shape of the curve vary. The 
maximum height of the box for the appropriate temperature 
range and device grade is shown in Figure 10. Duplication of 
these results requires a combination of high accuracy and stable 
temperature control in a test system. Evaluation of the AD586 
will produce a curve similar to that in Figure 9, but output 
readings may vary depending on the test methods and equipment 
utilized. 


DEVICE 

MAXIMUM OUTPUT CHANGE 

GRADE 

(mV) 



OTO +70°C 

— 55°C TO + 1 25°C 

AD586J 

8.75 


AD586K 

5.25 


AD586L 

1.75 


AD586S 


18.00 

AD586T 


9.00 


Figure 10. Maximum Output Change in mV 
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Applying the AD586 


NEGATIVE REFERENCE VOLTAGE FROM AN AD586 

The AD586 can be used to provide a precision - 5.000V output 
as shown in Figure 11. The Vi N pin is tied to at least a 4-6V 
supply, the output pin is grounded, and the AD586 ground pin 
is connected through a resistor, R s , to a - 15V supply. The 
— 5V output is now taken from the ground pin (Pin 4) instead 
of Vout- It is essential to arrange the output load and the supply 
resistor R s so that the net current through the AD586 is between 
2.5mA and 10.0mA. The temperature characteristics and long- 
term stability of the device will be essentially the same as that of 
a unit used in the standard + 5V output configuration. 

+ 6V -* +30V 



Figure 1 1. AD586 as a Negative 5V Reference 

USING THE AD586 WITH CONVERTERS 

The AD586 is an ideal reference for a wide variety of 8-, 12-, 
14- and 16-bit A/D and D/A converters. Several representative 
examples follow. 


to produce 0 to - 5V outputs. Because both DACs are on the 
same die and share a common reference and output op amps, 
the DAC outputs will exhibit similar gain TCs. 



Figure 13. AD586 as a 5V Reference for a CMOS Dual 
DAC 


STACKED PRECISION REFERENCES FOR MULTIPLE 
VOLTAGES 

Often, a design requires several reference voltages. Three AD 5 86s 
can be stacked, as shown in Figure 14, to produce 4- 5.000V, 

4- 10.000V, and + 15.000V outputs. This scheme can be extended 
to any number of AD586s as long as the maximum load current 
is not exceeded. This design provides the additional advantage 
of improved line regulation on the + 5.0V output. Changes in 
Vin of + 18V to 4- 50V produces an output change that is below 
the noise level of the references. 



5V REFERENCE WITH MULTIPLYING CMOS D/A OR 
AD CONVERTERS 

The AD586 is ideal for applications with 10- and 12-bit multiplying 
CMOS D/A converters. In the standard hookup, as shown in 
Figure 12, the AD586 is paired with the AD7545 12-bit multiplying 
DAC and the AD711 high-speed BiFET Op Amp. The amplifier 
DAC configuration produces a unipolar 0 to — 5V output range. 
Bipolar output applications and other operating details can be 
found on the individual product data sheets. 


6811 

R2 



Figure 12. Low-Power 12-Bit CMOS DAC Application 



The AD586 can also be used as a precision reference for multiple 
DACs. Figure 13 shows the AD586, the AD7628 dual DAC and 
the AD712 dual op amp hooked up for single supply operation 


Figure 14. Multiple AD586s Stacked for Precision 5V, 10V 
and 15V Outputs 
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PRECISION CURRENT SOURCE 

The design of the AD586 allows it to be easily configured as a 
current source. By choosing the control resistor Rc in Figure 
15, you can vary the load current from the quiescent current 
(2mA typically) to approximately 10mA. The compliance voltage 
of this circuit varies from about + 5V to + 21V depending upon 
the value of V IN . 


PRECISION HIGH CURRENT SUPPLY 

For higher currents, the AD586 can easily be connected to a 
power PNP or power Darlington PNP device. The circuit in 
Figure 16 can deliver up to 4 amps to the load. The O.lpF 



Figure 16a. Precision High-Current Current Source 


+v, N 



Figure 15. Precision Current Source 


capacitor is required only if the load has a significant capacitive 
component. If the load is purely resistive, improved high-frequency 
supply rejection results can be obtained by removing the 
capacitor. 

+ 15V O — ♦ 1 


r— -n 



Figure 16b. Precision High-Current Voltage Source 
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□ ANALOG 
DEVICES 


AD587 


High Precision 
10V Reference 


FEATURES 

Laser Trimmed to High Accuracy: 

10.000V ±5mV (L and U Grades) 
Trimmed Temperature Coefficient: 

5ppm/°C max, (L and U Grades) 
Noise Reduction Capability 
Low Quiescent Current: 4mA max 
Output Trim Capability 


PRODUCT DESCRIPTION 

The AD587 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD587 provides outstanding performance 
at low cost. 

The AD587 offers much higher performance than most other 
10V references. Because the AD587 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD587. 
The buried Zener approach to reference design provides lower 
noise and drift than band-gap voltage references. The AD587 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 

The ADS 87 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/A converters which require an external 
precision reference. The device is also ideal for successive ap- 
proximation or integrating A/D converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 

The AD587J, K and L are specified for operation from 0 to 
+ 70°C, and the AD587S, T and U are specified for - 55°C to 
+ 125°C operation. All grades are available in 8-pin cerdip. The 
J version is also available in an 8-pin Small Outline IC (SOIC) 
package for surface mount applications and the J and K grades 
also come in an 8-pin plastic package. 


AD587 FUNCTIONAL BLOCK DIAGRAM 


NOISE 

+ v iN REDUCTION 



GROUND 

NOTE: MAKE NO CONNECTIONS TO PINS 1, 7 AND 8. 


PRODUCT HIGHLIGHTS 

1 . Laser trimming of both initial accuracy and temperature 
coefficients results in very low errors over temperature without 
the use of external components. The AD587L has a maximum 
deviation from 10.000V of ±8.5mV between 0 and +70°C, 
and the AD587U guarantees ± 14mV maximum total error 
between — 55°C and + 125°C. 

2. For applications requiring higher precision, an optional fine- 
trim connection is provided. 

3. Any system using an industry standard pinout 10 volt reference 
can be upgraded instantly with the AD587. 

4. Output noise of the AD587 is very low, typically 4jxV p-p. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 
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(T a = + 25°C, V IN = + 1 5V unless otherwise specified) 



AD587J/S 

AD587K/T 

■ 


Model 

Min Typ Max 

Min Typ Max 


Units 

Output Voltage 

9.990 10.010 



V 

Output Voltage Drift 1 





0to+70°C 

20 

10 

5 

ppm/°C 

— 55°Cto + 125°C 

20 

10 

5 


Gain Adjustment 

+ 3 

+ 3 

+ 3 

% 


-1 

-1 

-1 


Line Regulation 1 





13.5V ss +V in *s36V 





Tmin tO Trnax 

100 

100 

100 

±^V/V 

Load Regulation 1 





Sourcing 0 < Iqut < 10mA 





T min tO Xmax 

100 

100 

100 

±|iV/mA 

Sinking - 10 < I 0 ut <0mA 





f m in tO Tjjjax 

100 

100 

100 


Quiescent Current 

2 4 

2 4 

2 4 

mA 

Power Dissipation 

30 

30 

30 

mW 

Output Noise 





O.lHztolOHz 

4 

4 

4 

M-Vp-p 

Spectral Density, 100Hz 



100 

nV/VHz 

Long-Term Stability 

15 

15 

15 

± ppm/1000Hr 

Short-Circuit Current-to-Ground 

30 50 

30 50 

30 50 

mA 

Short-Circuit Current-to-Vi N 

30 50 

30 50 

30 50 

mA 

Temperature Range 





Specified Performance (J, K, L) 

0 +70 

0 +70 


°C 

Operating Performance (J, K, L) 2 

-40 +85 

-40 +85 

-40 +85 


Specified Performance (S, T, U) 

-55 +125 

-55 +125 

-55 +125 


Operating Performance (S, T, U) 2 

-55 +125 

-55 +125 

-55 +125 

■ 


NOTES 

‘Spec is guaranteed for all packages and grades. Cerdip packaged parts are 100% production tested. 

2 The operating temperature ranged is defined as the temperatures extremes at which the device will still function. 

Parts may deviate from their specified performance outside their specified temperature range. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Result from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ORDERING GUIDE 


Model 

Initial 

Error 

mV 

Temp. 

Coefficient 

ppm/°C 

Temp. 

Range 

°C 

Package 

Options* 

AD587JQ 

10 

20 

0 to + 70 

Cerdip (Q-8) 

AD587JR 

10 

20 

Oto +70 

SO (R-8) 

AD587JN 

10 

20 

Oto +70 

Plastic (N-8) 

AD587KQ 

5 

10 

0 to + 70 

Cerdip (Q-8) 

AD587KN 

5 

10 

0 to +70 

Plastic (N-8) 

AD587LQ 

5 

5 

0 to + 70 

Cerdip (Q-8) 

AD587SQ 

20 

20 

-55 to + 125 

Cerdip (Q-8) 

AD587TQ 

10 

10 

-55 to +125 

Cerdip (Q-8) 

AD587UQ 

5 

5 

-55 to +125 

Cerdip (Q-8) 

AD587JCHIPS 

10 

20 

0 to + 70 

- 


*See Section 14 for package outline information. 
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AD587 


ABSOLUTE MAXIMUM RATINGS* 


Vin to Ground 36V 

Power Dissipation (25°C) 500mW 

Storage Temperature -65°Cto +150°C 

Lead Temp (Soldering, lOsec) 300°C 

Package Thermal Resistance 

e JC 22°C/W 

Oja 110°C/W 


Output Protection: Output safe for indefinite short to ground and 
momentary short to V IN . 

*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



11 1 F <tPFPIFirATinitK following specifications are tested at the die level for AD587JCHIPS. These die are probed at 25°C only. 
UIL orLUiriUMMUnOg^ +25 0 ,V, N = +15V unless otherwise specified) 


DIE LAYOUT 


Parameter 

AD587JCHIPS 

Min Typ Max 

Units 

Output Voltage 

9.990 

10.010 

V 

Gain Adjustment 

-1 

3 

% 

Line Regulation 

13.5V <+ Vin <36V 


100 

±p,V/V 

Load Regulation 

Sourcing 0<IouT<10mA 


100 

p,V/mA 

Sinking - 10<IouT<0mA 


100 

p-V/mA 

Quiescent Current 

2 

4 

mA 

Short-Circuit Current-to-Ground 


50 

mA 

Short-Circuit Current-to-VouT 


50 

mA 



NOTES 

‘Both Vout P a ds should be connected to the output. 

2 Sense and force grounds must be tied together. 

Die Thickness : The standard thickness of Analog Devices Bipolar dice is 24 mils ± 2 mils . 

Die Dimensions: The dimensions given have a tolerance of ±2 mils. 

Backing: The standard backside surface is silicon (not plated). Analog Devices does not recommend gold-backed dice 
for most applications. 

Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 


Die Size: 0. 052 x 0. 039 inches 


In contrast to scribed dice, this technique provides a more uniform die shape and size . The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 


Top Surface: The standard top surface of the die is covered by a layer of glassivation. All areas are covered except 
bonding pads and scribe lines . 


Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mils. The passivation windows have 3.5 mils 
by 3.5 mils minimum. 
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THEORY OF OPERATION 

The AD587 consists of a proprietary buried Zener diode reference, 
an amplifier to buffer the output and several high stability thin-film 
resistors as shown in the block diagram in Figure 1 . This design 
results in a high precision monolithic 10V output reference with 
initial offset of 5m V or less. The temperature compensation 
circuitry provides the device with a temperature coefficient of 
under 5ppm/°C. 


NOISE 

+ V| N REDUCTION 



GROUND 

NOTE: MAKE NO CONNECTIONS TO PINS 1, 7 AND 8. 

Figure 1. AD587 Functional Block Diagram 

A capacitor can be added at the NOISE REDUCTION pin (Pin 
8) to form a low pass filter with R s to reduce the noise contribution 
of the Zener to the circuit. 

APPLYING THE AD587 

The ADS 87 is simple to use in virtually all precision reference 
applications. When power is applied to Pin 2, and Pin 4 is 
grounded, Pin 6 provides a 10V output. No external components 
are required; the degree of desired absolute accuracy is achieved 
simply by selecting the required device grade. The AD587 
requires less than 4mA quiescent current from an operating 
supply of 4- 15V. 

Fine trimming may be desired to set the output level to exactly 
10.000V (calibrated to a main system reference). System calibration 
may also require a reference voltage that is slightly different 
from 10.000V, for example, 10.24V for binary applications. In 
either case, the optional trim circuit shown in Figure 2 can 
offset the output by as much as 300m V, if desired, with minimal 
effect on other device characteristics. 


+ V IN 



Figure 2. Optional Fine Trim Configuration 


NOISE PERFORMANCE AND REDUCTION 

The noise generated by the AD587 is typically less than 
4|xV p-p over the 0. 1Hz to 10Hz band. Noise in a 1MHz bandwidth 
is approximately 200 fxV p-p. The dominant source of this noise 
is the buried Zener which contributes approximately 100nV/VHz. 
In comparison, the op amp’s contribution is negligible. Figure 3 
shows the 0.1Hz to 10Hz noise of a typical AD587. The noise 
measurement is made with a bandpass filter made of a 1-pole 
high-pass filter with a corner frequency at 0.1 Hz and a 2-pole 
low-pass filter with a corner frequency at 12.6Hz to create a 
filter with a 9.922Hz bandwidth. 



Figure 3. 0. 1Hz to 10Hz Noise 

If further noise reduction is desired, an external capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2. This capacitor, combined with the 4kfl R s 
and the Zener resistances, form a low-pass filter on the output 
of the Zener cell. A l|xF capacitor will have a 3dB point at 
40Hz, and it will reduce the high-frequency (to 1MHz) noise to 
about 160(xV p-p. Figure 4 shows the 1MHz noise of a typical 
AD587 both with and without a l(xF capacitor. 



Figure 4. Effect of 1/jlF Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 

Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error 
band is defined as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the thermal gradients on the chip to 
stabilize. Figure 5 shows the turn-on characteristics of the AD587. 
It shows the settling to be about 60|xs to 0.01%. Note the absence 
of any thermal tails when the horizontal scale is expanded to 
lms/cm in Figure 5b. 
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Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode’s current source, resulting in a 
somewhat longer turn-on time. In the case of a 1 (jlF capacitor, 
the initial turn-on time is approximately 400ms to 0.01% (see 
Figure 5c). 
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a. Electrical Turn-On 


Circuit Operation - AD587 


DYNAMIC PERFORMANCE 

The output buffer amplifier is designed to provide the AD587 
with static and dynamic load regulation superior to less complete 
references. 

Many A/D and D/A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter’s performance. 

Figure 6 displays the characteristics of the AD587 output amplifier 
driving a 0 to 10mA load. 



Figure 6a. Transient Load Test Circuit 
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b. Extended Time Scale 


Figure 6b. Large-Scale Transient Response 



c. Turn-on with 1/jlF C n 
F igure 5. Turn-on Characteristics 



Figure 6c. Fine Scale Settling for Transient Load 


VOLTAGE REFERENCES 8-35 












In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD587 
by a long capacitive cable. 

Figure 7 displays the output amplifier characteristics driving a 
lOOOpF, 0 to 10mA load. 



Figure 7a. Capacitive Load Transient Response Test 
Circuit 



Figure 7b. Output Response with Capacitive Load 


Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, references 
have been characterized using a maximum deviation per degree 
Centrigrade; i.e., ppm/°C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as “S” type characteristics), most manufacturers 
have begun to use a maximum limit error band approach to 
specify devices. This technique involves the measurement of the 
output at 3 or more different temperatures to specify an output 
voltage error band. 

Figure 9 shows the typical output voltage drift for the AD587L 
and illustrates the test methodology. The box in Figure 9 is 
bounded on the sides by the operating temperature extremes, 
and on the top and the bottom by the maximum and minimum 
output voltages measured over the operating temperature range. 
The slope of the diagonal drawn from the lower left to the upper 
right corner of the box determines the performance grade of the 
device. 



-20 0 20 40 60 80 

TEMPERATURE - °C 


Figure 9. Typical AD587L Temperature Drift 


LOAD REGULATION 

The AD587 has excellent load regulation characteristics. Figure 
8 shows that varying the load several mA changes the output by 
only a few |xV. 



Figure 8. Typical Load Regulation Characteristics 


TEMPERATURE PERFORMANCE 

The AD587 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device’s high level of performance is 
maintained over the operating temperature range. 


Each AD587J, K, L grade unit is tested at 0, + 25°C and + 70°C. 
Each AD587S, T, and U grade unit is tested at -55°C, +25°C 
and + 125°C. This approach ensures that the variations of output 
voltage that occur as the temperature changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. The maximum height of 
the box for the appropriate temperature range and device grade 
is shown in Figure 10. Duplication of these results requires a 
combination of high accuracy and stable temperature control in 
a test system. Evaluation of the AD587 will produce a curve 
similar to that in Figure 9, but output readings may vary depending 
on the test methods and equipment utilized. 


DEVICE 

GRADE 

MAXIMUM OUTPUT CHANGE 
(mV) 

OTO + 70°C — 55°C TO + 125°C 

AD587J 

24 

AD587K 

12 

AD587L 

8.5 

AD587S 

46 

AD587T 

23 

AD587U 

14 


Figure 10. Maximum Output Change in mV 
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Applying the AD587 


NEGATIVE REFERENCE VOLTAGE FROM AN AD587 

The AD587 can be used to provide a precision - 10.000V output 
as shown in Figure 11. The V IN pin is tied to at least a + 3.5 V 
supply, the output pin is grounded, and the AD587 ground pin 
is connected through a resistor, R s , to a - 15V supply. The 
- 10V output is now taken from the ground pin (Pin 4) instead 
of Vout- It is essential to arrange the output load and the supply 
resistor R s so that the net current through the AD587 is between 
2.5mA and 10.0mA. The temperature characteristics and long- 
term stability of the device will be essentially the same as that of 
a unit used in the standard + 10V output configuration. 



The AD587 can also be used as a precision reference for multiple 
DACs. Figure 13 shows the AD587, the AD7628 dual DAC and 
the AD712 dual op amp hooked up for single supply operation 
to produce 0 to - 10V outputs. Because both DACs are on the 
same die and share a common reference and output op amps; 
the DAC outputs will exhibit similar gain TCs. 



Figure 13. AD587 as a 10V Reference for a CMOS Dual 
DAC 


Figure 1 1. AD587 as a Negative 10V Reference 

USING THE AD587 WITH CONVERTERS 

The AD587 is an ideal reference for a wide variety of 8-, 12-, 

14- and 16-bit A/D and D/A converters. Several representative 
examples follow. 

I0V REFERENCE WITH MULTIPLYING CMOS D/A OR 
A/D CONVERTERS 

The AD587 is ideal for applications with 10- and 12-bit multiplying 
CMOS D/A converters. In the standard hookup, as shown in 
Figure 12, the AD587 is paired with the AD7545 12-bit multiplying 
DAC and the AD711 high-speed BiFET Op Amp. The amplifier 
DAC configuration produces a unipolar 0 to - 10V output 
range. Bipolar output applications and other operating details 
can be found on the individual product data sheets. 

R2 



PRECISION CURRENT SOURCE 

The design of the AD587 allows it to be easily configured as a 
current source. By choosing the control resistor Rc in Figure 
14, you can vary the load current from the quiescent current 
(2mA typically) to approximately 10mA. 



AD587 Vout (O y/r 


GND 


Rc 

(50011 min) 


10V 

Rc 


Figure 14. Precision Current Source 


Figure 12. Low-Power 12-Bit CMOS DAC Application 
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PRECISION HIGH CURRENT SUPPLY 

For higher currents, the AD587 can easily be connected to a 
power PNP or power Darlington PNP device. The circuit in 
Figure 15 can deliver up to 4 amps to the load. The 0.1 jxF 



Figure 15a. Precision High-Current Current Source 


capacitor is required only if the load has a significant capacitive 
component. If the load is purely resistive, improved high-frequency 
supply rejection results can be obtained by removing the 
capacitor. 



Figure 15b. Precision High-Current Voltage Source 
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ANALOG 

DEVICES 


High Precision Voltage Reference 


AD588* 


FEATURES 

Low Drift - 1 .5ppm/°C 
Low Initial Error - ImV 
Pin-Programmable Output 

+ 10V, +5V, ±5V Tracking, -5V, -10V 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 

Machine-lnsertable DIP and Surface Mount Packaging 


PRODUCT DESCRIPTION 

The AD588 represents a major advance in the state-of-the-art in 
monolithic voltage references. Low initial error and low temper- 
ature drift give the AD588 absolute accuracy performance previ- 
ously not available in monolithic form. The AD588 uses a prop- 
rietary ion-implanted buried Zener diode, and laser- wafer-drift- 
trimming of high stability thin-film resistors to provide outstanding 
performance at low cost. 

The AD588 includes the basic reference cell and three additional 
amplifiers which provide pin-programmable output ranges. The 
amplifiers are laser-trimmed for low offset and low drift to 
maintain the accuracy of the reference. The amplifiers are confi- 
gured to allow Kelvin connections to the load and/or boosters 
for driving long lines or high-current loads, delivering the full 
accuracy of the AD588 where it is required in the application 
circuit. 

The low initial error allows the AD588 to be used as a system 
reference in precision measurement applications requiring 12-bit 
absolute accuracy. In such systems, the AD588 can provide a 
known voltage for system calibration in software and the low 
drift allows compensation for the drift of other components in a 
system. Manual system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, the 
mechanical instability of a trimming potentiometer and the 
potential for improper calibration can be eliminated by using 
the AD588 in conjunction autocalibration software. 

The AD588 is available in six versions. AD588AD and BD 
grades are packaged in a 16-pin side-brazed ceramic DIP and 
are specified for the - 25°C to + 85°C industrial temperature 
range. The ceramic AD588SD and TD grades are specified for 


AD588 FUNCTIONAL BLOCK DIAGRAM 



+ IN -IN 


the full military/aerospace temperature range. For surface mount 

applications, the AD588AE, SE and TE grades will also be 

available in 20-pin LCC packages. 

PRODUCT HIGHLIGHTS 

1. The AD588 offers 12-bit absolute accuracy without any user 
adjustments. Optional fine- trim connections are provided for 
applications requiring higher precision. The fine- trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 

2. Output noise of the AD588 is very low - typically 6|xV p-p. 

A pin is provided for additional noise filtering using an external 
capacitor. 

3. A precision ±5V tracking mode with Kelvin output connec- 
tions is available with no external components. Tracking 
error is less than one millivolt and a fine-trim is available for 
applications requiring exact symmetry between the + 5V and 
- 5V outputs. 

4. Pin strapping capability allows configuration of a wide variety 
of outputs: ± 5V, + 5V & + 10V, - 5V & - 10V dual outputs 
or + 5V, -5V, + 10V, - 10V single outputs. 

5. Extensive temperature testing at — 55°C, — 25°C, 0, +25°C, 

+ 50°C, + 70°C, + 85°C and 4- 125°C ensures that the specified 
temperature coefficient is truly representative of device 
performance. 


^Covered by Patent Number 4,644,253 
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(typical @ +25°C f +10Y output V s = ± 1 5V unless otherwise noted 1 ) 



AD588SD/SE 

AD588AD/TD/AE/TE 

AD588BD 



Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OUTPUT VOLTAGE ERROR 





+ 10V, -10V Outputs 

-5 +5 

-3 +3 

-1 +1 

mV 

+ 5 V, - 5V Outputs 

-5 +5 

-3 +3 

-1 +1 

mV 

± 5V TRACKING MODE 





Symmetry Error 

-1.5 +1.5 

-1.5 +1.5 

-0.75 +0.75 

mV 

OUTPUT VOLTAGE DRIFT 





0 to + 70°C (A, B, C) 


±2 

-1.5 +1.5 

ppm/°C 

— 25°C to + 85°C (A, B) 


-3 +3 

-3 +3 

ppm/°C 

- 55°C to + 125°C (S, T) 

-6 +6 

-4 +4 


ppm/°C 

GAIN ADJ AND BAL ADJ 2 





Trim Range 

±4 

±4 

±4 

mV 

Input Resistance 

150 

150 

150 

kii 

LINE REGULATION 





T min toT max 3 

±200 

±200 

±200 

M-V/V 

LOAD REGULATION 





T m in tO T max 





+ 10V Output, 0<I O ur<10mA 

±50 

±50 

±50 

|xV/mA 

— 10V Output, — lO^IouT^OniA 

±50 

±50 

±50 

|xV/mA 

SUPPLY CURRENT 





Tmin tO T max 

6 10 

6 10 

6 10 

mA 

Power Dissipation 

180 300 

180 300 

180 300 

mW 

OUTPUT NOISE (Any Output) 





0.1 to 10Hz 

6 

6 

6 

p,V p-p 

Spectral Density, 100Hz 

100 

100 

100 

nV/VHz 

LONG-TERM STABILITY (@ +25°C) 

15 

15 

15 

ppm/lOOOhr 

BUFFER AMPLIFIERS 





Offset Voltage 

100 

100 

100 

p.V 

Offset Voltage Drift 

1 

1 

1 

p.V/°C 

Bias Current 

20 

20 

20 

nA 

Open Loop Gain 

110 

110 

110 

dB 

Output Current A3, A4 

-10 +10 

-10 +10 

-10 +10 

mA 

Common Mode Rejection (A3, A4) 





Vcm= IV p-p 

100 

100 

100 

dB 

Short-Circuit Current 

50 

50 

50 

mA 

TEMPERATURE RANGE 





Specified Performance 





A, B Grades 


-25 +85 

-25 +85 

°C 

S,T Grades 

-55 +125 

-55 +125 


°C 


NOTES 


'Output 

Configuration 

+ 10V 

Figure 2a 

-10V 

Figure 2c 

+ 5V, - 5V, ±5V 

Figure 2b 


Specifications tested using + 10V configuration unless otherwise indicated. 
2 Gain and balance adjustments guaranteed capable of trimming output voltage 
error and symmetry error to zero. 

3 Test Conditions: 

+ 10V Output -V s = -15V,13.5V< + V S <18V 
-10V Output -18V<-V S ^- 13.5V, +V S = 15V 
±5V Output +V S = + 18V, -V S =-18V 

+ V s =+ 10.8V, -V s =~ 10.8V 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 


ORDERING GUIDE 


Part 

Number 

Initial 

Error 

Temperature 

Coefficient 

Temperature 
Range °C 

Package 

Option 1 

AD588AD 

3mV 

3ppm/°C 

-25 to +85 

Ceramic (D-16) 

AD588AE 

3mV 

3ppm/°C 

-25 to +85 

LCC (E-20A) 

AD588BD 

lmV 

1.5ppm/°C 

-25 to +85* 

Ceramic (D-16) 

AD588SD 

5mV 

6ppm/°C 

-55 to +125 

Ceramic (D-16) 

AD588SE 

5mV 

6ppm/°C 

-55 to + 125 

LCC (E-20A) 

AD588TD 

3mV 

4ppm/°C 

-55 to + 125 

Ceramic (D-16) 

AD588TE 

3mV 

4ppm/°C 

-55 to + 125 

LCC (E-20A) 


*Temperature Coefficient specified from 0 to + 70°C. 
*See Section 14 for package outline information. 
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Applying the AD588 


ABSOLUTE MAXIMUM RATINGS* 


+ Vs to — Vs 36V 

Power Dissipation ( + 25°C) 

D Package 600mW 

Storage Temperature -65°C to -4- 150°C 

Lead Temperature (Soldering, lOsec) 300°C 

Package Thermal Resistance 

D(0j A /ejc) 90/25°C/W 


Output Protection: All outputs safe if shorted to ground 

*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


PIN CONFIGURATIONS 
DIP 



LCC 


> CO 
+ < 
3 2 


I < 
20 19 



18 A4 OUT SENSE 
17 A4 IN 
! 16 NC 
J 15 BAL ADJ 
14 V CT 


NC = NO CONNECT 


THEORY OF OPERATION 

The AD 5 88 consists of a buried Zener diode reference, amplifiers 
used to provide pin programmable output ranges, and associated 
thin-film resistors as shown in the block diagram of Figure 1. 
The temperature compensation circuitry provides the device 
with a temperature coefficient of 1.5ppm/°C or less. 



Figure 1. AD588 Functional Block Diagram 


Amplifier A1 performs several functions. A1 primarily acts to 
amplify the Zener voltage from 6.5V to the required 10V output. 
In addition, A1 also provides for external adjustment of the 10V 
output through pin 5, the GAIN ADJUST. Using the bias 
compensation resistor between the Zener output and the non-in- 
verting input to Al, a capacitor can b? added at the NOISE 
REDUCTION pin (pin 7) to form a low pass filter and reduce 
the noise contribution of the Zener to the circuit. Two matched 
lOkfl nominal thin film resistors (R4 & R5) divide the 10V 
output in half. Pin Vct (pin 11) provides access to the center of 
the voltage span and pin 12 (BALANCE ADJUST) can be used 
for fine adjustment of this division. 

Ground sensing for the circuit is provided by amplifier A2. The 
noninverting input (pin 9) senses the system ground which will 
be transferred to the point on the circuit where the inverting 
input (pin 10) is connected. This may be pin 6, 8 or 11. The 
output of A2 drives pin 8 to the appropriate voltage. Thus, if 
pin 10 is connected to pin 8, the V L ow pin will be the same 
voltage as the system ground. Alternatively, if pin 10 is connected 
to the Vct pin, it will be ground and pin 6 and pin 8 will be 
+ 5V and -5V respectively. 

Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at pins 6, 8 and 1 1 as well as to provide a 
full Kelvin output. Thus, the AD588 has a full Kelvin capability 
by providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 
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Applying the AD588 

APPLYING THE AD588 

The AD588 can be configured to provide + 10V and - 10V 
reference outputs as shown in Figures 2a and 2c respectively. It 
can also be used to provide + 5V, - 5V or a ± 5V tracking 
reference as shown in Figure 2b. Table I details the appropriate 
pin connections for each output range. In each case, pin 9 is 
connected to system ground and power is applied to pins 2 
and 16. 

The architecture of the AD588 provides ground sense and un- 
committed output buffer amplifiers which offer the user a great 
deal of functional flexibility. The AD588 is specified and tested 
in the configurations shown in Figure 2. The user may choose 
to take advantage of the many other configuration options available 
with the AD588. However, performance in these configurations 
is not guaranteed to meet the extremely stringent data sheet 
specifications. 

As indicated in Table I, a -h 5V buffered output can be provided 
using amplifier A4 in the + 10V configuration (Figure 2a). A 

— 5V buffered output can be provided using amplifier A3 in the 

- 10V configuration (Figure 2c). Specifications are not guaranteed 
for the + 5V or - 5V outputs in these configurations. Performance 
will be similar to that specified for the + 10V or - 10V outputs. 

As indicated in Table I, unbuffered outputs are available at pins 
6, 8 and 11. Loading of these unbuffered outputs will impair 
circuit performance. 

Amplifiers A3 and A4 can be used interchangeably. However, 
the AD588 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2 and Table I. 
When either A3 or A4 is unused, its output force and sense pins 
should be connected and the input tied to ground. 

Two outputs of the same voltage may be obtained by connecting 
both A3 and A4 to the appropriate unbuffered output on pin 6, 

8 or 11. Performance in these dual output configurations will 
typically meet data sheet specifications. 


CALIBRATION 

Generally, the AD588 will meet the requirements of a precision 
system without additional adjustment. Initial output voltage 
error of lmV and output noise specs of IOjxV p-p allow for 
accuracies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, additional calibration may 
be called for. Provision for trimming has been made through 
the use of the GAIN ADJUST and BALANCE ADJUST pins 
(pins 5 and 12 respectively). 

The AD588 provides a precision 10V span with a center tap 
(Vct) which is used with the buffer and ground sense amplifiers 
to achieve the voltage output configurations in Table I. GAIN 
ADJUST and BALANCE ADJUST can be used in any of these 
configurations to trim the magnitude of the span voltage and the 
position of the center tap within the span. The GAIN ADJUST 
should be performed first. Although the trims are not interactive 
within the device, the GAIN trim will move the BALANCE 
trim point as it changes the magnitude of the span. 

Figure 2b. shows GAIN and BALANCE trims in a + 5V and 
- 5V tracking configuration. A lOOkfl 20-turn potentiometer is 
used for each trim. The potentiometer for GAIN trim is connected 
between pins 6 (Vhigh) and 8 (V L ow) with the wiper connected 
to pin 5 (GAIN ADJ). The potentiometer is adjusted to produce 
exactly 10V between pins 1 and 15, the amplifier outputs. The 
BALANCE potentiometer, also connected between pins 6 and 8 
with the wiper to pin 12 (BAL ADJ), is then adjusted to center 
the span from + 5V to - 5V. 

Trimming in other configurations works in exactly the same 
manner. When producing + 10V and + 5V, GAIN ADJ is used 
to trim + 10V and BAL ADJ is used to trim + 5V. In the - 10V 
and - 5V configuration, GAIN ADJ is again used to trim the 
magnitude of the span, - 10V, while BAL ADJ is used to trim 
the center tap, - 5V. 


Range 

Connect 
Pin 10 
to Pin: 

Unbuffered 1 Output on Pins 
-10V — 5V 0V +5V + 10V 

Buffered 

Output 

Connections 

Buffered Output on Pins 
-10V — 5V 0V + 5V + 10V 

+ 10V 

8 

8 11 6 

11-13 & 14-15 

6-4 & 3-1 

- 15 - 

- 1 

- 5V or + 5V 

11 

8 11 6 

8-13 & 14-15 

6-4 & 3-1 

15 - - 

- 1 

-10V 

6 

8 11 6 - 

8-13 & 14-15 

11-4 & 3-1 

15 - 

1 - 

+ 5V 

11 

- 6 

6-4 & 3-1 

- 1 

-5V 


8 - 

8-13 & 14-15 

15 - - 


'“Unbuffered” outputs should not be loaded. 


Table!. AD588 Connections 
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AD588 




Figure 2b. +5V and -5V Outputs 



In single output configurations, GAIN ADJ is used to trim 
outputs utilizing the full span ( + 10V or - 10V) while BAL 
ADJ is used to trim outputs using half the span ( + 5V or 

— 5V). 

Input impedance on both the GAIN ADJUST and BALANCE 
ADJUST pins is approximately 150kG. The GAIN ADJUST 
trim network effectively attenuates the 10V across the trim 
potentiometer by a factor of about 1500 to provide a trim range 
of -3.5mV to + 7.5mV with a resolution of approximately 
550|xV/turn (20 turn potentiometer). The BALANCE ADJUST 
trim network attenuates the trim voltage by a factor of about 
1400, providing a trim range of ±4.5mV with resolution of 
450|xV/turn. 

Trimming the AD588 introduces no additional errors over tem- 
perature so precision potentiometers are not required. 

For single output voltage ranges, or in cases when BALANCE 
ADJUST is not required, pin 12 should be connected to pin 11. 
If GAIN ADJUST is not required, pin 5 should be left floating. 

NOISE PERFORMANCE AND REDUCTION 

The noise generated by the AD588 is typically less than 6|xV 
p-p over the 0.1Hz to 10Hz band. Noise in a 1MHz bandwidth 
is approximately 600|xV p-p. The dominant source of this noise 
is the buried Zener which contributes approximately 100nV/VHz. 
In comparison, the op amp’s contribution is negligible. Figure 3 
shows the 0.1Hz to 10Hz noise of a typical AD588. 



Figure 3. 0.1Hz to 10Hz Noise 


If further noise reduction is desired, an optional capacitor may 
be added between the NOISE REDUCTION pin and ground as 
shown in Figure 2b. This will form a low pass filter with the 
4kn R b on the output of the Zener cell. A 1|jlF capacitor will 
have a 3dB point at 40Hz and will reduce the high frequency 
(to 1MHz) noise to about 200|xV p-p. Figure 4 shows the 1MHz 
noise of a typical ADS 88 both with and without a ljxF 
capacitor. 

Note that a second capacitor is needed in order to implement 
the NOISE REDUCTION feature when using the AD588 in 
the - 10V mode (Figure 2c.). The NOISE REDUCTION 
capacitor is limited to 0.1 |xF maximum in this mode. 


Figure 2c. - 10V Output 
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Figure 4. Effect of 1/jlF Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 

Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error 
band is the turn-on settling time. Two components normally 
associated with this are: time for active circuits to settle and 
time for thermal gradients on the chip to stabilize. Figure 5 
shows the turn-on characteristics of the AD588. It shows the 
settling to be about 600jjis. Note the absence of any thermal 
tails when the horizontal scale is expanded to 2ms/cm in 
Figure 5b. 



a. Electrical Turn-On 



b. Extended Time Scale 
Figure 5. Turn-On Characteristics 


Figure 6. Turn-on with 1/iF C N 


TEMPERATURE PERFORMANCE 

The AD588 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device’s high level of performance is 
maintained over the operating temperature range. 

‘ Figure 7 shows typical output voltage drift for the AD588BD 
and illustrates the test methodology. The box in Figure 7 is 
bounded on the sides by the operating temperature extremes 
and on top and bottom by the maximum and minimum output 
voltages measured over the operating temperature range. The 
slope of the diagonal drawn from the lower left corner of the 
box determines the performance grade of the device. 


OUTPUT 
VOLTS . 

10.002 -I 


= T.C. = 



V MA x-V MIN 

(T m „-T mln ) x 10x10-" 

10.0013V - 10.00025V 
(85°C - — 25°C) x 10x10 " 

0.95ppm/°C 


Figure 7. Typical AD588BD Temperature Drift 

Each AD588A and B grade unit is tested at - 25°C, 0°C, + 25°C, 
+ 50°C, +70°C and + 85°C. Each AD588S and T grade unit is 
tested at -55°C, -25°C, 0°C, + 25°C, + 50°C, +70°Cand 
+ 125°C. This approach ensures that the variations of output 
voltage that occur as the temperature changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. Maximum height of the 
box for the appropriate temperature range is shown in Figure 8. 
Duplication of these results requires a combination of high 
accuracy and stable temperature control in a test system. Evaluation 
of the AD588 will produce a curve similar to that in Figure 7, 
but output readings may vary depending on the test methods 
and equipment utilized. 


Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor presents an 
additional load to the internal Zener diode’s current source, 
resulting in a somewhat longer turn-on time. In the case of a 
1 |aF capacitor, the initial turn-on time is approximately 60ms 
(see Figure 6). 

Note: If the NOISE REDUCTION feature is used in the ± 5V 
configuration, a 39kO resistor between pins 6 and 2 is required 
for proper startup. 


DEVICE 

GRADE 

MAXIMUM OUTPUT CHANGE 
mV 

0 TO +70°C — 25°C TO +85°C -55°C TO + 125°C 

AD588AD 

1.40 (typ) 

3.30 

AD588BD 

1.05 

3.30 

AD588SD 


10.80 

AD588TD 


7.20 


Figure 8. Maximum Output Change - mV 
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Using Buffer Amplifiers - AD588 


KELVIN CONNECTIONS 

Force and sense connections, also referred to as Kelvin connec- 
tions, offer a convenient method of eliminating the effects of 
voltage drops in circuit wires. As seen in Figure 9a, the load 
current and wire resistance produce an error (Verror = R x II) 
at the load. The Kelvin connection of Figure 9b overcomes the 
problem by including the wire resistance within the forcing loop 
of the amplifier and sensing the load voltage. The amplifier 
corrects for any errors in the load voltage. In the circuit shown, 
the output of the amplifier would actually be at 10 volts + 
Verror and the voltage at the load would be the desired 10 
volts. 

The AD588 has three amplifiers which can be used to implement 
Kelvin connections. Amplifier A2 is dedicated to the ground 
force-sense function while uncommitted amplifiers A3 and A4 
are free for other force-sense chores. 

In some single-output applications, one amplifier may be unused. 


R 



Figure 9. Advantage of Kelvin Connection 


In such cases, the unused amplifier should be connected as a 
unity-gain follower (force + sense pin tied together) and the 
input should be connected to ground. 

An unused amplifier section may be used for other circuit functions 
as well. The curves on this page show the typical performance 
of A3 and A4. 




10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz 


Open Loop Frequency Response (A3, A4) 


Common Mode Rejection vs. Frequency (A3, A4) 




Power Supply Rejection vs. Frequency (A3, A4) Input Noise Voltage Spectral Density 



Unity Gain Follower Pulse Response (Large Signal) Unity Gain Follower Pulse Response (Small Signal) 
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DYNAMIC PERFORMANCE 

The output buffer amplifiers (A3 and A4) are designed to provide 
the AD588 with static and dynamic load regulation superior to 
less complete references. 

Many A/D and D/A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter’s performance. 

Figure 10 displays the characteristics of the AD588 output 
amplifier driving a 0 to 10mA load. 




Figure 11b. Transient Response 5-1 OmA Load 

In some applications, a varying load may be both resistive and 
capacitive in nature, or be connected to the AD588 by a long 
capacitive cable. 

Figure 12 displays the output amplifier characteristics driving a 
l,000pF, 0-to-10mA load. 


Vout 


v L 


Figure 12a. Capacitive Load Transient Response Test 
Circuit 


Figure 10b. Large-Scale Transient Response 


c u =o 


Vour 


C L = lOOOpF 


V L 


V L 


Figure 12b. Output Response with Capacitive Load 






Figure 10c. Fine Scale Settling for Transient Load 

Figure 1 1 displays the output amplifier characteristics driving a 
5mA to 10mA load, a common situation found when the reference 
is shared among multiple converters or is used to provide a 
bipolar offset current. 


Figure 13 displays the crosstalk between output amplifiers. The 
top trace shows the output of A4, dc-coupled and offset by 10 
volts, while the output of A3 is subjected to a 0-to-10mA load 
current step. The transient at A4 settles in about l|xs, and the 
load-induced offset is about 100|xV. 



Figure 1 la. Transient and Constant Load Test Circuit 



Figure 13a. Load Crosstalk Test Circuit 


8-46 VOLTAGE REFERENCES 









IMft 

■VyAr 


AD588 



Figure 13b. Load Crosstalk 


Attempts to drive a large capacitive load (in excess of 1 ,000pF) 
may result in ringing or oscillation, as shown in the step response 
photo (Figure 14a). This is due to the additional pole formed by 
the load capacitance and the output impedance of the amplifier, 
which consumes phase margin. The recommended method of 
driving capacitive loads of this magnitude is shown in Figure 
14b. The 150H resistor isolates the capacitive load from the 
output stage, while the lMfl resistor provides a dc feedback 
path and preserves the output accuracy. The 150pF capacitor 
provides a high-frequency feedback loop. The performance of 
this circuit is shown in Figure 14c. 



150pF 

Hh 



Figure 14b. Compensation for Capacitive Loads 



Figure 14c. Output Amplifier Step Response Using Figure 
14b Compensation 

USING THE AD588 WITH CONVERTERS 

The AD588 is an ideal reference for a wide variety of A/D and 
D/A converters. Several representative examples follow. 

14-Bit Digital-to-Analog Converter - AD7535 

High resolution CMOS D/A converters require a reference voltage 
of high precision to maintain rated accuracy. The combination 
of the AD588 and AD7535 takes advantage of the initial accuracy, 
drift and full Kelvin output capability of the AD588 as well as 
the resolution, monotonicity and accuracy of the AD7535 to 
produce a subsystem with outstanding characteristics. 


Figure 14a. Output Amplifier Step Response, C L = 1/jlF 



Figure 15. AD588/AD7535 Connections 


VOLTAGE REFERENCES 8-47 














+ 12V 



Figure 16. High-Accuracy ±5V Tracking Reference for 
AD569 


16-Bit Digital-to-Analog Converter - AD569 

Another application which fully utilizes the capabilities of the 
AD588 is supplying a reference for the AD569, as shown in 
Figure 16. Amplifier A2 senses system common and forces V CT 
to assume this value, producing + 5V and - 5V at pins 6 and 8 
respectively. Amplifiers A3 and A4 buffer these voltages out to 
the appropriate reference force-sense pins of the AD569. The 
full Kelvin scheme eliminates the effect of the circuit traces or 
wires and the wire bonds of the AD588 and AD569 themselves, 
which would otherwise degrade system performance. 


SUBSTITUTING FOR INTERNAL REFERENCES 

Many converters include built-in references. Unfortunately, 
such references are the major source of drift in these converters. 
By using a more stable external reference like the AD588, drift 
performance can be improved dramatically. 

12-Bit Analog-to-Digital Conveter - AD574A 

The AD574A is specified for gain drift from 10ppm/°C to 50ppm/ 
°C, (depending on grade) using the on-chip reference. The 
reference contributes typically 75% of this drift. Therefore, the 
total drift using an AD588 to supply the reference can be improved 
by a factor of 3 to 4. 
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Using this combination may result in apparent increases in full- 
scale error due to the difference between the on-board reference 
by which the device is laser trimmed and the external reference 
with which the device is actually applied. The on-board reference 
is specified to be 10V ± lOOmV while the external reference is 
specified to be 10V ± lmV. This may result in up to lOlmV of 
apparent full-scale error beyond the ± 25mV specified AD574 
gain error. Resistors R2 and R3 allow this error to be nulled. 
Their contribution to full-scale drift is negligible. 

The high output drive capability allows the AD588 to drive up 
to 6 converters in a multi-converter system. All converters will 
have gain errors that track to better than ± 5ppm/°C. 

RTD EXCITATION 

The Resistance Temperature Detector (RTD) is a circuit element 
whose resistance is characterized by a positive temperature coef- 
ficient. A measurement of resistance indicates the measured 
temperature. Unfortunately, the resistance of the wires leading 
to the RTD often adds error to this measurement. The 4- wire 
ohms measurement overcomes this problem. This method uses 
two wires to bring an excitation current to the RTD and two 
additional wires to tap off the resulting RTD voltage. If these 
additional two wires go to a high input impedance measurement 
circuit, the effect of their resistance is negligible. Therefore, 
they transmit the true RTD voltage. 


i = 0 



i = 0 


Figure 18. 4-Wire Ohms Measurement 

A practical consideration when using the 4-wire ohms technique 
with an RTD is the self-heating effect that the excitation current 
has on the temperature of the RTD. The designer must choose 
the smallest practical excitation current that still gives the desired 
resolution. RTD manufactures usually specify the self-heating 
effect of each of their models or types of RTDs. 

Figure 19 shows an AD588 providing the precision excitation 
current for a lOOfl RTD. The small excitation current of 1mA 
dissipates a mere 0.1 mW of power in the RTD. 



OMEGA K4515 
0.24 o C/mW SELF HEATING 


BOOSTED PRECISION CURRENT SOURCE 

In the RTD current-source application the load current is limited 
to ± 10mA by the output drive capability of amplifier A3. In 
the event that more drive current is needed, a series pass transistor 
can be inserted inside the feedback loop to provide higher current. 
Accuracy and drift performance are unaffected by the pass 
transistor. 



Figure 20. Boosted Precision Current Source 
BRIDGE DRIVER CIRCUITS 

The Wheatstone bridge is a common transducer. In its simplest 
form, a bridge consists of 4 two terminal elements connected to 
form a quadrilateral, a source of excitation connected along one 
of the diagonals and a detector comprising the other diagonal. 
Figure 21a shows a simple bridge driven from a unipolar excitation 
supply. E 0 , a differential voltage, is proportional to the deviation 
of the element from the initial bridge values. Unfortunately, this 
bridge output voltage is riding on a common-mode voltage equal 
to approximately V IN /2. Further processing of this signal may 
necessarily be limited to high common-mode rejection techniques 
such as instrumentation or isolation amplifiers. 

Figure 21b shows the same bridge transducer, but this time it is 
driven from pair of bipolar supplies. This configuration ideally 
eliminates the common-mode voltage and relaxes the restrictions 
on any processing elements that follow. 



a. Unipolar Drive 



b. Bipolar Drive 


Figure 19. Precision Current Source for RTD 


Figure 21. Bridge Transducer Excitation 
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+ 15V 



Figure 22. Bipolar Bridge Drive 


As shown in Figure 22, the AD588 is an excellent choice for the 
control element in a bipolar bridge driver scheme. Transistors 
Q1 and Q2 serve as series pass elements to boost the current 
drive capability to the 28mA required by a typical 350Q bridge. 
A differential gain stage may still be required if the bridge balance 
is not perfect. Such gain stages can be expensive. 


Additional common-mode voltage reduction is realized by using 
the circuit illustrated in Figure 23. Al, the ground sense amplifier, 
servo’s the supplies on the bridge to maintain a virtual ground 
at one center tap. The voltage which appears on the opposite 
center tap is now single-ended (referred to ground) and can be 
amplified by a less expensive circuit. 


+ 15V 



Figure 23. Floating Bipolar Bridge Drive with Minimum 
CMV 
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Two-Terminal 1C 

U DEVICES 

1.2V Reference 


AD589 


FEATURES 

Superior Replacement for Other 1.2V References 
Wide Operating Range: 50/uA to 5mA 
Low Power: 60juW Total Pp at 50/zA 
Low Temperature Coefficient: 

10ppm/°C max, 0 to +70°C (AD589M) 
25ppm/° C max, -55°C to +125°C (AD589U) 
Two Terminal “Zener" Operation 
Low Output Impedance: 0.6H 
No Frequency Compensation Required 
Low Cost 


AD589 FUNCTIONAL BLOCK DIAGRAM 
V+ 



BOTTOM VIEW 


PRODUCT DESCRIPTION 

The AD589 is a two-terminal, low cost, temperature com- 
pensated bandgap voltage reference which provides a fixed 
1.23 V output voltage for input currents between 50/xA and 
5.0mA. 

The high stability of the AD 589 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices’ precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typical low-TC zener diodes. This fea- 
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 

The AD589 is available in seven versions. The AD589J, K, L 
and M grades are specified for 0 to +70 C operation, while 
the S, T and U grades are rated for the full -55°C to +125°C 
temperature range. 


PRODUCT HIGHLIGHTS 

1. The AD589 is a two-terminal device which delivers a 
a constant reference voltage for a wide range of input 
current. 

2. Output impedance of 0.6£2 and temperature coefficients 
as low as 10ppm/°C insure stable output voltage over a 
wide range of operating conditions. 

3. The AD 5 89 can be operated as a positive or negative 
reference. “Floating” operation is also possible. 

4. The AD589 will operate with total current as low as 50juA 
(60juW total power dissipation), ideal for battery powered 
instrument applications. 

5. The AD589 is an exact replacement for other 1.2V ref- 
erences, offering superior temperature performance and 
reduced sensitivity to capacitive loading. 
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(typical @ I(h = 500|lilA and T A = +25°C unless otherwise noted) 


Model 

AD589JH 

Min Typ Max 

AD589KH 

Min Typ Max 

AD589LH 

Min Typ Max 

AD589MH 

Min Typ Max 

Units 

OUTPUT VOLTAGE, T A = + 25°C 

1.200 1.235 1.250 

1.200 1.235 1.250 

1.200 1.235 1.250 

1.200 1.235 1.250 

V 

OUTPUT VOLTAGE CHANGE vs. 
CURRENT 
(50pA - 5mA) 

5 

5 

5 

5 

mV 

DYNAMIC OUTPUT IMPEDANCE 

0.6 2 

0.6 2 

0.6 2 

0.6 2 

ft 

RMS NOISE VOLTAGE 

10Hz<f<10kHz 

5 

5 

5 

5 

IxV 

TEMPERATURE COEFFICIENT 1 

100 

50 

25 

10 

ppm/°C 

TURN-ON SETTLING TIME TO 0. 1% 

25 

25 

25 

25 

M*s 

OPERATING CURRENT 2 

0.05 5 

0.05 5 

0.05 5 

0.05 5 

mA 

OPERATING TEMPERATURE 

0 +70 

0 +70 



warn 

PACKAGE OPTION 3 

Metal Can (H-02A) 


AD589KH 

AD589LH j 

AD589MH 



Model 

AD589SH 

Min Typ Max 

AD589TH 

Min Typ Max 

AD589UH 

Min Typ Max 

Units 

OUTPUT VOLTAGE, T A = + 25°C 

1.200 1.235 1.250 

1.200 1.235 1.250 

1.200 1.235 1.250 

V 

OUTPUT VOLTAGE CHANGE vs. 
CURRENT 
(50|xA - 5mA) 

5 

5 

5 

mV 

DYNAMIC OUTPUT IMPEDANCE 

0.6 2 

0.6 2 

0.6 2 

ft 

RMS NOISE VOLTAGE 

10Hz<f<10kHz 

5 

5 

5 

fxV 

TEMPERATURE COEFFICIENT 1 

100 

50 

25 

ppm/°C 

TURN-ON SETTLING TIME TO 0. 1% 

25 

25 

25 

M-s 

OPERATING CURRENT 2 

0.05 5 

0.05 5 

0.05 5 

mA 

OPERATING TEMPERATURE 

-55 +125 



°C 

PACKAGE OPTION 3 

Metal Can (H-02A) 

AD589SH 

AD589TH 

AD589UH 



NOTES 

1 See following page for explanation of temperature coefficient measurement method. 
2 Optimum performance is obtained at currents below 500p.A. 

Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least lOOOpF is recommended. 

3 See Section 14 for package outline information. 

Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

Current I OmA 

Reverse Current 10mA 

Power Dissipation 1 125mW 

Storage Temperature Range -65°C to +175°C 

Operating Junction Temperature Range . -55°C to + 150°C 
Lead Temperature (Soldering, lOsec) 4- B00°C 

NOTE 

‘Absolute maximum power dissipation is limited by maximum current 
through the device. Maximum rating at elevated temperatures must be 
computed assuming Tjs£l50°C, and 6 JA =400 = C/W. 


THE AD589 IS AVAILABLE IN CHIP FORM WITH 
FULLY TESTED AND GUARANTEED SPECIFI- 
CATIONS. CONSULT FACTORY FOR AVAILABLE 
GRADES AND PRICING. 


AD589 CHIP DIMENSIONS AND PAD LAYOUT 



0.060 

(1.524) 
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Understanding the Specifications -AD589 


VOLTAGE VARIATION vs. TEMPERATURE 

Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer- 
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., 10ppm/°C. However, because of non- 
linearities in temperature characteristics, which originated in 
standard zener references (such as “S” type characteristics) 
most manufacturers have begun to use a maximum limit error 
band approach to specify devices. This technique involves 
measurement of the output at 3, 5 or more different tempera- 
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD589 
consistently follows the curve shown in Figure 1. Three-point 
measurement guarantees the error band over the specified 
temperature range. The temperature coefficients specified on 
page 2 represent the slopes of the diagonals of the error band 
from +25°C to T m jn and +25°C to T max . 



TEMPERATURE - °C 


DYNAMIC PERFORMANCE 

Many low power instrument manufacturers are becoming in- 
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 3 displays the turn-on characteristic of 
the AD 5 8 9. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within ±1 millivolt is about 25/is, and 
there is no long thermal tail appearing after that point. 



Figure 3. Output Settling Characteristics 


Figure 1. Typical AD589 Temperature Characteristics 



FREQUENCY - Hz 



Figure 2. Noise Spectra! Density 


Figure 4. Schematic Diagram 
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APPLICATION INFORMATION 

The AD589 functions as a two-terminal shunt-type regulator. 
It provides a constant 1.23V output for a wide range of input 
current from 50juA to 5mA. Figure 5 shows the simplest con- 
figuration for an output voltage of 1.2V or less. Note that no 
frequency compensation is required. If additional filtering is 
desired for ultra low noise applications, minimum recom- 
mended capacitance is lOOOpF. 



Figure 5. Basic Configuration for 1.2V or Less 


The AD589 can also be used as a building block to generate 
other values of reference voltage. Figure 6 shows a circuit 
which produces a buffered 10V output. Total supply current 
for this circuit is approximately 2mA. 


AD589 



Figure 6. Single-Supply Buffered 10V Reference 


The low power operation of the AD589 makes it ideal for use 
in battery operated portable equipment. It is especially useful 
as a reference for CMOS analog-to-digital converters. Figure 7 
shows the AD589 used in conjunction with two popular inte- 
grating type CMOS A/D converters. 



a. With 7109 12-Bit Binary A/D 

- +5V 



b. With 7107 Pane! Meter A/D 


Figure 7. AD589 Used as Reference for CMOS A/D Converters 

The AD 5 89 also is useful as a reference for CMOS multi- 
plying DACs such as the AD7533. These DACs require a 
negative reference voltage in order to provide a positive out- 
put range. Figure 8 shows the AD589 used to supply an equiv- 
alent -1.0V reference to an AD7533. 


BIT bit 

1234 5 6789 10 
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□ ANALOG 
DEVICES 


AD689 


High Precision 
8.192V Reference 


FEATURES 

Laser Trimmed to High Accuracy: 

8.192V ±4mV (L, T Grades) 

Input Voltage Range from 10.8V to 36V 
Provides Convenient Scaling for Converters: 

2mV/LSB for 12-Bit Converters 
Trimmed Temperature Coefficients: 

5ppm/°C max, 0 to +70°C (L Grade) 
10ppm/°C max, -55 to +125°C (T Grade) 
Noise Reduction Capability 
Versatile Force and Sense Connections 


AD689 FUNCTIONAL BLOCK DIAGRAM 


V, N NOISE REDUCTION 



Vour 

FORCE 

Vour 

SENSE 


TRIM GND GND 
SENSE 


PRODUCT DESCRIPTION 

The AD689 is the industry’s first precision reference to deliver 
a voltage between traditional 5V and 10V references. The AD689 
will accurately deliver 8.192V while operating on supply voltages 
of ± 12V, with ± 10% tolerances. All 10V references require 
greater than 10.8V (12V- 10%) to operate properly, forcing the 
use of 5V references in most 12V systems. An 8.192V reference 
provides a major increase in signal range. The AD689 also 
features excellent static and dynamic line and load regulation 
characteristics. 

The AD689 uses a proprietary ion-implanted buried Zener 
diode and laser wafer trimming of high stability thin-film resistors. 
Trimming is performed for initial accuracy and temperature 
coefficient, resulting in very low errors over temperature without 
the use of additional components. 

The AD689 includes the reference cell and an amplifier which is 
laser trimmed for low drift. Force and sense connections can be 
made on both the amplifier output and ground to maintain the 
accuracy of the reference cell. This allows the AD689 to be used 
with boosters for driving long lines or high current loads while 
maintaining full accuracy at the load. 

The AD689 is recommended for use in all data conversion ap- 
plications where ± 12V ± 10% supplies preclude the use of both 
external and internal 10V references. 

The AD689J, K and L are tested and specified for operation 
from 0 to + 70°C, and the AD689S and T are tested and specified 
for -55°C to + 125°C operation. All grades are packaged in an 
8-pin cerdip. 


PRODUCT HIGHLIGHTS 

1 . Laser trimming of both the initial accuracy and the temperature 
coefficient results in very low errors over temperature without 
the use of external components. 

2. For applications requiring higher initial accuracy, an optional 
fine trim connection is provided. The trim range allows the 
output voltage to be accurately set down to 8.000V. 

3. Output noise of the AD689 is very low, typically 2fiV p-p. A 
noise reduction pin is provided for additional noise filtering 
with an external capacitor. 

4. Force and sense connections allow remote sensing of load 
and ground variations to accurately supply 8.192V at the 
load. 

5 . The AD689 sources and sinks current with excellent regulation, 
allowing a variety of both positive and negative output voltage 
configurations. 
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(T a = + 25°C, V IN = +12V, ±10% unless otherwise specified) 



AD689J 

AD689K 

AD689L 

AD689S 

AD689T 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

Output Voltage 

8.176 8.208 

8.184 8.200 

8.188 8.196 

8.176 8.208 

8.188 8.196 

V 

Output Voltage Drift 1 







0 to + 70°C 

25 

15 

5 



ppm/°C 

-55°Cto + 125°C 




20 ! 

10 


Gain Adjustment 

+ 8 

+ 8 

+ 8 

+ 8 

+ 8 

% 


-3 

-3 

-3 

-3 

-3 


Line Regulation 







10.8V < +Vi N <36V 







Tmin ^0 T m ax 

200 

200 

200 

250 

250 

±^V/V 

Load Regulation 







Sourcing 0 < I OUT < 8 . 1 92mA 







Sinking - 8.192 < Iout <0mA 







Tmjn tO T max 

100 

100 

100 

100 

100 

|xV/mA 

Quiescent Current 

2 5 

2 5 

2 5 

2 5 

2 5 

mA 

Power Consumption 

24 66 

24 66 

24 66 

24 66 

24 66 

mW 

Output Noise 







O.iHzto 10Hz 

2 

2 

2 

2 

2 

p.Vp-p 

Spectral Density, 100Hz 

100 

100 

100 

100 

100 

nV/VHz 

Long-Term Stability 

15 

15 

15 

15 

15 

ppm/lOOOHr 

Short-Circuit Current-to-Ground 







or Vin 

30 50 

30 50 

30 50 

© 

cn 

o 

30 50 

mA 

Temperature Range 







Specified Performance 

0 +70 


0 +70 

-55 +125 

-55 +125 

°C 

Operating Performance 2 

-40 +85 


-40 +85 

-55 +125 

-55 +125 



NOTES 

'Maximum output voltage drift is guaranteed for all packages and grades. Cerdip packaged parts are also 
100% production tested. 

2 The operating temperature range is defined as the temperature extremes at which the device will still function. 

Parts may deviate from their specified performance outside their specified temperature range. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed. Those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS* 


Vin to Ground + 36V 

Power Dissipation (25°C) 500mW 

GND to GNDS 200mV 

Storage Temperature -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) + 300°C 

Package Thermal Resistance 

e JC 22°C/W 

e JA 110°C/W 


Output Protection: Output safe for indefinite short to ground or 
Vin. 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


BONDING DIAGRAM 


VouT V 0 UT 
SENSE FORCE TRIM 



SENSE 

DIE SIZE: 0.081" x 0.060" 


ORDERING GUIDE 


CONNECTION DIAGRAM 


Model 

Initial 

Error 

mV 

Temp. 

Coefficient 

ppm/°C 

Temp. 

Range 

°C 

Package 

Option* 

AD689JQ 

16 

25 

0 to + 70 

Cerdip (Q-8) 

AD689KQ 

8 

15 

0 to + 70 

Cerdip (Q-8) 

AD689LQ 

4 

5 

Oto +70 

Cerdip (Q-8) 

AD689SQ 

16 

20 

-55 to + 125 

Cerdip (Q-8) 

AD689TQ 

4 

10 

-55 to + 125 

Cerdip (Q-8) 

AD689JCHIPS 

16 

25 

0 to + 70 



*See Section 14 for package outline information. 
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Circuit Operation -AD689 


THEORY OF OPERATION 

The AD689 consists of a buried Zener diode reference, amplifier 
and several high stabilty thin-film resistors as shown in the 
block diagram in Figure 1 . This design results in a high precision, 
monolithic 8.192V output reference with initial errors of less 
than 4mV. The temperature compensation circuitry provides the 
device with a temperature coefficient of less than 5ppm/°C. 


accuracy is achieved by simply selecting the required device 
grade. The AD689 requires less than 5mA quiescent current 
when operating from a supply of + 10.8V to + 36V. 

An external fine trim may be added to null out initial voltage 
errors. The optional trim circuit shown in Figure 2 can adjust 
the 8.192V output from +8% (655mV) to —3% ( — 245m V) 
with minimal effect on other device characteristics. 


V,M NOISE REDUCTION 


Vqut 

FORCE 

VoUT 

SENSE 


Figure 1. AD689 Functional Block Diagram 

Amplifier A1 is configured to serve multiple functions. A1 
primarily acts to amplify the Zener voltage from the buried 
Zener diode to the required 8.192V output. In addition, A1 is 
configured to allow force and sense connections from its output 
terminal to the feedback resistor (R F ) and from its ground reference 
to the buried Zener and input resistor (Ri) ground. A1 also 
provides adjustment of the 8.192V output through Pin 5, 

TRIM. 

Separating A1 ground from the buried Zener diode ground 
provides many additional features. First it allows the AD689 to 
provide excellent load regulation when sourcing and sinking 
current. It reduces the total current that flows from the buried 
Zener diode ground to the sense node. This minimizes voltage 
drops due to parasitic impedances, hence allowing accurate 
sensing of voltage variations at the load ground. Finally, current 
variations due to temperature coefficients, which in turn cause 
voltage errors, are minimized by reducing the total current that 
would flow from a single ground point. 

Using the bias compensation resistor (R s ) between the Zener 
output and the noninverting output of the amplifier, a capacitor 
can be added at the NOISE REDUCTION pin (Pin 8) to form 
a low pass filter and reduce the noise contribution of the Zener 
to the circuit. 

APPLYING THE AD689 

The 8.192V output of the AD689 allows convenient binarily 
scaled bit levels when used with data converters. With a 12-bit 
data converter the LSB would equal 8.192V/4096, or 2mV. 

The AD689 is simple to use in virtually all precision reference 
applications. Pins 6 and 7 are connected together at the load; 
Pins 3 and 4 are grounded; and power is applied to Pin 2. No 
external components are required; the degree of desired absolute 



TRIM GND GND 
SENSE 


OPTIONAL I 
NOISE | 
REDUCTION , 
CAPACITOR 1 
C|M ^ 

I 

I 



Figure 2. Optional Fine Trim Configuration 

FORCE AND SENSE CONNECTIONS 

Force and sense connections offer a convenient method of elimi- 
nating the effects of voltage drops in circuit wires. As seen in 
Figure 3a, the load current and wire resistance produce an error 
(Verror = Rw x II) at the load. The force and sense connection 
of Figure 3b overcomes the problem by including the wire 
resistance within the forcing loop of the amplifier and sensing 
the load voltage. The amplifier corrects for any errors in the 
load voltage. In the circuit shown, the output of the amplifier 
would actually be at 8.192V + Verror? and the voltage at the 
load would be the desired 8.192V. If, for example, in Figure 3a 
the load resistor is sinking 8.192mA from the 8.192V reference 
and the load is 2 feet away using 28 gage wire (R = 0.066fMt), 
the resulting V E rror would be 2 x 0.066 x 8. 192mA = 1.08mV. 
This represents greater than 0.5LSB of error in a 12-bit system. 



Since amplifier A1 is not configured as a true buffer amplifier, 
the Vout SENSE pin (Pin 7) carries approximately 500|xA of 
current. This level of current when used in the above example 
will result in 66|xV of error, or 0.033LSB. 



V = 8.192V + R w I l 


a. b. 

Figure 3. Advantage of Force and Sense Connections 
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GROUNDING CONSIDERATIONS 

Analysis of the ground current magnitudes, ground current 
paths and ground impedances is crucial when high accuracy 
analog circuits are designed. The AD689 has two ground pins, 
GND (Pin 4) and GND SENSE (Pin 3). The GND pin is the 
ground reference for the internal operational amplifier. It will 
carry most of the quiescent current (Iq = 5mA maximum) when 
the AD689 is sourcing current and up to an additional 8.192mA 
when the AD689 is sinking current. The GND SENSE pin is 
the reference for the buried Zener diode and gain setting resistors 
and carries approximately 1mA. Connecting GND SENSE to 
the load ground will allow the AD689 to accurately deliver 
8.192V at the load, independent of variations of the “GND” 
voltage relative to the load ground. 

The grounding method that is used depends on the accuracy 
requirements of the application. In general, GND SENSE should 
be connected to GND at the load ground, without connection to 
GND at the AD689. 

Simple Ground Connection 

Figure 4a shows a simple connection of the AD689 to a load 
resistor (R L ). GND and GND SENSE are connected at the load 
ground and the 8.192V is delivered across R L . 

High Accuracy Ground Connection and Analysis 

Figure 4b shows the addition of Z w , and Z G i and Z GN . They 
represent the sense wire, the AD689 ground wire and additional 
ground wire impedances. Also shown in Figure 4b is a power 
supply connected to the AD689 and to a block representing 
additional analog circuits. The total current that flows through 
Zqi could be much greater than 1mA current from the GND 
SENSE pin, developing a potentially large voltage drop across 
Z G i. If GND and GND SENSE are connected at the AD689, 
the AD689 would sense Vzgi and deliver 8.192V + V Z gi across 
Rl- To minimize the voltage error at the load, GND SENSE is 
connected instead at load ground. The voltage error now delivered 
at the load is reduced to V Z w> where V Z w<V ZG i. For example, 
if Z G i = Z w and the total ground current flowing through Z G1 
is 20mA, then V ZG i = 20 (V zw ) and the potential error at the 
load is reduced by a factor of 20. 


+v 



b. 

Figure 4. Grounding the AD689 


NOISE PERFORMANCE AND REDUCTION 

The noise generated by the AD689 is typically less than 2p,V 
p-p over the 0.1Hz to 10Hz band. Noise in a 1MHz bandwidth 
is approximately 200 g.V p-p. The dominant source of this noise 
is the buried Zener which contributes approximately 100nV/VHz. 
In comparison, the op amp’s contribution is negligible. Figure 5 
shows the 0.1Hz to 10Hz noise of a typical AD689. The noise 
measurement is made with a bandpass filter made of a 1-pole 
high-pass filter with a corner frequency at 0.1 Hz and a 2-pole 
low-pass filter with a corner frequency at 12.6Hz to create a 
filter with a 9.922Hz bandwidth. 



Figure 5. 0. 1Hz to 10Hz Noise 


If further noise reduction is desired, an external capacitor may 
be added between the NOISE REDUCTION pin and the GND 
pin as shown in Figure 2. This capacitor, combined with the 
4kH R s and the Zener resistances forms a low-pass filter on the 
output of the Zener cell. The addition of a l|xF capacitor forms 
a filter with a 3dB point at 12Hz, and it will reduce the high- 
frequency (to 1MHz) noise to about 200 |xV p-p. Figure 6 shows 
the 1MHz noise of a typical AD689 both with and without a 
l|xF capacitor. 
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Figure 6. Effect of IpF Noise Reduction Capacitor on 
Broadband Noise 

TURN-ON TIME 

Upon application of power (cold start), the time required for the 
output voltage to reach its final value within a specified error 
band is defined as the turn-on settling time. Two components 
normally associated with this are: the time for the active circuits 
to settle, and the time for the thermal gradients on the chip to 
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AD689 


stabilize. Figure 7 shows the turn-on characteristics of the AD689. 
It shows the settling to be about 20fxs to 0.01%. Note the absence 
of any thermal tails when the horizontal scale is expanded to 
lms/cm in Figure 7b. 

Output turn-on time is modified when an external noise reduction 
capacitor is used. When present, this capacitor acts as an additional 
load to the internal Zener diode’s current source resulting in a 
somewhat longer turn-on time. In the case of a ljxF capacitor, 
the initial turn-on time is approximately 100ms to 0.01%, as 
shown in Figure 7c. 


DYNAMIC PERFORMANCE 

The output amplifier is designed to provided the AD689 with 
static and dynamic load regulation superior to less complete 
references. 

Many A/D and D/A converters present transient current loads 
to the reference, and poor reference response can degrade the 
converter’s performance. 

Figure 8 displays the characteristics of the AD689 output amplifier 
driving a 0 to +8. 192mA load. 



Figure 7 b. Extended Time Scale 



Figure 8a. Transient Load Test Circuit 



Figure 8b. Large-Scale Transient Response 



Figure 7c. Turn-On with 1(jlFC n 


Figure 8c. Fine-Scale Settling for Transient Load 
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In some applications, a varying load may be both resistive and 
capacitive in nature, or the load may be connected to the AD689 
by a long capacitive cable. 

Figure 9 displays the output amplifier characteristics driving a 
lOOOpF, 0 to +8. 192mA load. 




Figure 9b. Output Response with Capacitive Load 


TRANSIENT SUPPRESSION IN NOISY 
ENVIRONMENTS 

A precision reference must also exhibit excellent line regulation 
in noisy environments such as in switching power supply designs, 
and during electromechanical switching and inductive/capacitive 
load switching. These environments cause transients on the 
power supplies which must be internally rejected by the reference 
or bypassed with the use of external capacitors. Figure 10 shows 
PSRR versus frequency for the AD689. The voltage applied to 
Vin is + 12V dc plus a 2V p-p sine wave which is varied from 
10Hz to 1MHz. 



10 100 Ik 10k 100k 1M 

FREQUENCY - Hz 


Figure 10. PSRR vs. Frequency 


LOAD REGULATION 

The AD689 has excellent load regulation characteristics. Figure 
1 1 shows that varying the load a few mA changes the output by 
several |xV. The AD689 exhibits linear load regulation both 
sourcing and sinking current. Separating the output amplifier 
ground from the buried Zener ground provides the excellent 
negative load regulation characteristic. 

AVqut-hV 



Figure 1 1. Typical Load Regulation Characteristics 

TEMPERATURE PERFORMANCE 

The AD689 is designed for precision reference applications 
where temperature performance is critical. Extensive temperature 
testing ensures that the device’s high level of performance is 
maintained over the operating temperature range. 

Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, references 
have been characterized using maximum deviation per degree 
centigrade; i.e., ppm/°C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as “S” type characteristics), most manufacturers 
now use a maximum limit error band approach to specify devices. 
This technique involves the measuring of the output at three or 
more different temperatures to specify an output voltage error 
band. 

Figure 12 shows the typical output voltage drift for the AD689L 
and illustrates the test methodology. The box in Figure 12 is 
bounded on the top and bottom by the maximum and minimum 
output voltages measured over the operating temperature range. 
The slope of the diagonal drawn from the lower left to the upper 
right corner of the box determines the performance grade of the 
device. 


T"min Troax 



TEMPERATURE - °C 

Figure 12. Typical AD689L Temperature Drift 

Each AD689J, K, L grade unit is tested at 0, + 25°C and + 70°C. 
Each AD689S and T grade unit is tested at - 55°C, + 25°C and 
+ 125°C. This approach ensures that the variations in output 
voltage that occur as the temperature changes within the specified 
range will be contained within a box whose diagonal has a slope 
equal to the maximum specified drift. The position of the box 
on the vertical scale will change from device to device as initial 
error and the shape of the curve vary. The maximum height of 
the box for the appropriate temperature range and device grade 
is shown in Table I. Duplication of these results requires a 
combination of high accuracy and stable temperature control in 
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Applying the AD689 


a test system. Evaluation of the AD689 will produce a curve 
similar to that in Figure 12, but output readings may vary 
depending on the test methods and equipment utilized. 


Device 

Grade 

| Maximum Output Change -mV 

0 to + 70°C 

- 55°C to + 125°C 

AD689J 

9.22 


AD689K 

5.53 


AD689L 

1.84 


AD689S 


16.38 

AD689T 


8.19 


Table I. Maximum Output Change in m V 

USING THE AD689 FOR 12V, 12-BIT CONVERTERS 

The AD689 is an ideal reference for use with data converters 
which require superior load regulation characteristics. The com- 
bination of excellent electrical specifications along with flexible 
force and sense connections allow the AD689 to be used in 
numerous applications. Several representative examples 
follow. 

MONOLITHIC QUAD 12-BIT DAC - AD664 

Four voltage output DACs in a monolithic package with flexible 
digital interface capabilites and 12-bit accuracies are just a few 
of the key features of the AD664. The AD689 can be utilized as 
the voltage reference input as shown in Figure 13 to provide 
convenient 2mV/LSB scaling. The AD689 is sensed at the AD664 



to eliminate any voltage drops that might occur due to current 
flowing from the AD689 through wire resistances. In precision 
data conversion applications a voltage reference must maintain 
its output level during load variations. The AD689 maintains its 
8.192V output with a maximum load regulation of 100|xV/mA. 
The change of input resistance at the reference input of the 
AD664 is specified at 1.4kfl. A load variation of 1.4kO at an 
input of 8.192V would result in a maximum of 0.3mV output 
change from the AD689; for the 12 -bit AD664 this represents 
0.15LSBs. 

± 12V POWER SUPPLIES LIMIT REFERENCE 
SELECTION 

In many systems with ± 12V supplies, 5V references have to be 
substituted for 10V references due to headroom requirements 
from the supply input to the reference output. The AD689 is 
specified to operate with 12V ± 10% supplies, increasing the 
voltage signal range by greater than 50% over systems using 5V 
references. 

12-BIT DIGITAL-TO-ANALOG CONVERTER - AD767 

The AD767 is specified to operate on supplies ranging from 
± 15V ± 10% to ± 12V ± 5%. However, if ± 12V ± 10% supplies 
are used, then the supply voltage could drop to 10.8V. Because 
the internal 10V reference will not function properly at + 10.8V, 
an external reference must be used. Figure 14 shows the AD689 
connected through a trim resistor to REF IN (Pin 7) on the 
AD767. Additional trim range must be provided since the internal 
reference of the AD767 has a 1% tolerance ( ± 100m V) and full- 
scale and bipolar offset are both trimmed with the internal 
reference. The connection of internal scaling resistors allows the 
AD767 to be configured in many voltage output ranges as shown 
in Table II. Tables III and IV show output voltage levels when 
the AD767 is configured in straight binary and offset binary 
modes. 


+ V CC 



Figure 14. The AD689 as a Reference for the AD767 


Output Range 

Digital Input 

LSB 

± 8.192V 

Offset Binary 

4mV 

± 4.096V 

Offset Binary 

2mV 

± 2.048V 

Offset Binary 

ImV 

Oto +8. 192V 

Straight Binary 

2mV 

0 to + 4.096V 

Straight Binary 

ImV 


Table II. AD767 Output Voltage Ranges 
with AD689 Voltage Reference 


Digital 

Input 

(Hex) 

Analog Output 

FFF 

8 . 192V(4095/4096) = 8. 190V 

003 

8. 192V(0003/4096) = 0.006V 

002 

8. 192V(0002/4096) = 0.004V 

001 

8 . 1 92 V(000 1 /4096) = 0 . 002' V 

000 

8.192V (0000/4096) = 0 


Note: 1LSB = 8. 192V/2 12 = 2mV 


Table III. Straigh t Binary Codes 


Digital 

Input 

(Hex) 

Analog Output 

FFF 

8. 192V(2047/2048) = +8. 188V 

801 

8 . 1 92 V (000 1 /2048) = + 0.004V 

800 

8. 192V(0000/2048) = 0 

7FF 

8. 192V(0001/2048) = -0.004V 

001 

8. 192V(2047/2048) = -8.188V 

000 

8. 192V(2048/2048) - -8.192V 


Note: lLSB = 8.192V/2 u = 4mV 


Table IV. Bipolar (Offset Binary) Codes 
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12-BIT ANALOG-TO-DIGITAL CONVERTER - AD574A 

The AD574A is a complete 12-bit A/D converter with reference 
and clock. It is specified to operate on ± 15V ± 10% supplies or 
± 12V ±5% supplies. The internal + 10V reference does not 
function properly with the use of ± 12V ± 10% supplies; the 
AD689 is then the ideal choice for an external reference. The 
AD689 also provides excellent temperature coefficent character- 
istics, reducing the gain T. C. by as much as 75% (depending 
on grade) over use of the internal reference. Figure 15 shows 
the AD689 connected in the optional trim configuration mode. 
The additional trim range is required since the internal reference 
of the AD574A has a ±20mV tolerance, and full scale and 
offsets are both trimmed with the internal reference. The force 
and sense outputs are connected as closely as possible to the 
AD574A, and the ground sense pin is connected at the ANALOG 
COMMON pin (Pin 9) of the AD574A. This ensures that the 
AD689 will accurately deliver the 8.192V at the reference input. 


current (2mA typically) to approximately 10mA. The compliance 
voltage (Vl) of this circuit varies depending upon the value of 
+ V IN as shown in Figure 17. 


+v IN 



Figure 17. Precision Current Source 



Figure 15. AD689/AD574A Connections 
NEGATIVE REFERENCE VOLTAGE FROM AN AD689 

The AD689 can be used to provide a precision -8.192V output 
as shown in Figure 16. The Vin pin is tied to at least a + 3V 
supply; the output pins are grounded; and the AD689 ground 
pins are connected through a resistor to a — 12V supply. The 
equation provided in Figure 16 calculates the value of the resistor 
(Rs) such that when no load is connected the AD689 will sink 
the maximum current (8.192mA) plus the maximum quiescent 
current (5mA). When the load is connected, the AD689 will 
respond by reducing the current it sinks by the equivalent of 
the load current. The — 8.192V output is produced at the ground 
pins (Pins 3 and 4) instead of the Vqut pins. The temperature 
characteristics and long-term stability of the device will be 
essentially the same as that of a unit used in the standard 
+ 8. 192V configuration. 

+ v 



Figure 16. AD689 as a Negative 8. 192V Reference 

PRECISION CURRENT SOURCE 

The design of the AD689 allows it to be easily configured as a 
precision current source. By choosing the control resistor Rc in 
Figure 17, you can vary the load current (I L ) from the quiescent 


PRECISION HIGH CURRENT SUPPLY 

For higher currents, the AD689 can easily be connected to a 
power NPN or power Darlington NPN device. The circuit in 
Figure 18 can deliver up to 4 amps to the load. Due to potential 
headroom limitations on the Vout FORCE (Pin 6) when the 
power supply drops to a minimum of 10.8V, a resistor (R) from 
the power supply to Vqut FORCE (Pin 6) is added to provide 
the maximum base current required by the 2N6282. The AD689 
will, therefore, only be required to sink current. This arrangement 
guarantees sufficient base drive for the Darlington if the power 
supply drops to 10.8V. The formula provided calculates the 
value of R based on the minimum power supply voltage expected, 
Vre snd I B maximum. 

V IN (min) - (8. 192V + V BE + I B [max] x 20D) 

R " I B (max) 

Where, 

Vin (min) ^ 10.8V 
I B (max) 8.192mA 

For example, 

When, Vin = 10.8V, I c = 4A, I B = 2mA (max), 

Vbe = 1.2V 
Then R = 684D 


+v 



Figure 18a. Precision High-Current Voltage Source 


+v 



Figure 18b. Precision High-Current Current Source 
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ANALOG 

DEVICES 


Low Cost Precision 
2.5V 1C References 




FEATURES 

Improved, Lower Cost, Replacements for Standard 1403, 1403A 
3-Terminal Device: Voltage In/Voltage Out 
Laser Trimmed to High Accuracy: 2.500V ±10mV (ADI 403 A) 
Excellent Temperature Stability: 25ppm/°C (AD1403A) 

Low Quiescent Current: 1.5mA max 
10mA Current Output Capability 
Low Cost 

Convenient Mini-DIP Package 


AD1403/AD1403A FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 


The AD 1403 and AD 1403 A are improved three-terminal, low 1. 
cost, temperature compensated, bandgap voltage references 
that provide a fixed 2.5V output voltage for inputs between 
4.5 V and 40V. A unique combination of advanced circuit de- 2. 
sign and laser-wafer-trimmed th in-film resistors provides the 
AD1403/AD1403A with an initial tolerance of ±10mV and a 
temperature stability of better than 25ppm/°C. In addition, ^ 

the low quiescent current drain of 1.5mA (max) offers a clear 
advantage over classical zener techniques. 

The AD1403 or AD1403A is recommended as a stable refer- 
ence for all 8-, 10- and 12-bit D-to-A converters that require 4. 

an external reference. In addition, the wide input range of the 
AD1403/AD1403A allows operation with 5 volt logic supplies, 
making these devices ideal for digital panel meter applications 5 
and when only a single logic supply is available. 

The AD1403 and AD1403A are specified for operation over 
the 0 to +70° C temperature range. The AD580 series of 2.5 
volt precision IC references is recommended for applications 
where operation over the -55°C to +125°C range is required. 

♦Covered by Patent Numbers: 3,887,863; RE30, 586. 


The AD 1403 A offers improved initial tolerance over the 
industry-standard 1403A: ±10mV versus ±25mV at a 
lower cost. 

The three-terminal voltage in/voltage out operation of the 
AD1403/AD1403A provides a regulated output voltage 
without any external components. 

The AD1403/AD1403A provides a stable 2.5V output 
voltage for input voltages between 4.5V and 40V making 
these devices ideal for systems that contain a single logic 
supply. 

Thin film resistor technology and tightly controlled bipolar 
processing provide the AD 1403 A with temperature stabili- 
ties of 25ppm/°C. 

The low 1.5mA maximum quiescent current drain of the 
AD 1403 and AD 1403 A makes them ideal for CMOS and 
other low power applications. 
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SPECIFICATIONS 


(V IN = 15V, T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage 






(I Q = OmA) 

Vo 





AD1403 


2.475 

2.500 

2.525 

V 

AD1403A 


2.490 

2.500 

2.510 


Temperature Coefficient of Output Voltage 

AVq/AT 




ppm/°C 

AD1403 


— 

10 

40 


AD1403A 


- 

10 

25 


Output Voltage Change, 0 to +70°C 

> 

<s 




mV 

AD1403 


- 

- 

7.0 


AD1403A 


- 

- 

4.4 


Line Regulation 

^ e Sin 




mV 

(lSVCVn^OV) 


- 

1.2 

4.5 


(4.5<V in <15V) 


- 

0.6 

3.0 


Load Regulation 

Reload 

- 

- 

10 

mV 

(0mA<Io<10mA) 



! 



Quiescent Current 

II 

- 

1.2 

1.5 

mA 

(I 0 = 0mA) 







MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

ViN 

40 

V 

Storage Temperature 

t stg 

-25 to 100 

°C 

Junction Temperature 

T J 

+175 

°c 

Operating Ambient 
Temperature Range 

T a 

0 to +70 

°c 


Specifications subject to change without notice. 


ORDERING INFORMATION 


Device 

Initial Tolerance 

Package Option 1 

AD1403 

±25mV 

N-8 

AD1403A 

±10mV 

N-8 


NOTE 

1 See Section 14 for package outline information. 



Figure 1. Simplified AD 1403 Schematic 
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Applying the ADI403/AD1403A 

VOLTAGE VARIATION VS. TEMPERATURE AND LINE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer- 
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppm/°C. However, because of the inconsis- 
tent nonlinearities in zener references (butterfly or “S” type 
characteristics), most manufacturers use a maximum limit 
error band approach to characterize their references. This tech- 
nique measures the output voltage at 3 to 5 different tempera- 
tures and guarantees that the output voltage deviation will fall 
within the guaranteed error band at these discrete tempera- 
tures. This approach, of course, makes no mention or guarantee 
of performance at any other temperature within the operating 
temperature range of the device. 

The consistent Voltage vs. Temperature performance of a typi- 
cal AD1403 is shown in Figure 6. Note that the characteristic 
is quasi-parabolic, not the possible “S” type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device’s 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. 

The AD1403 exhibits a worst-case shift of 7.5mV over the en- 
tire range of operating input voltage, 4.5 volts to 40 volts. 
Typically, the shift is less than lmV as shown in Figure 3. 

THE AD1403A AS A LOW POWER, LOW VOLTAGE 
PRECISION REFERENCE FOR DATA CONVERTERS 
The AD1403A has a number of features that make it ideally 
suited for use with A/D and D/A data converters used in com- 
plex microprocessor-based systems. The calibrated 2.500 volt 
output minimizes user trim requirements and allows operation 
from a single low voltage supply. Low power consumption 
(1.5mA quiescent current) is commensurate with that of 
CMOS-type devices, while the low cost and small package 
complements the decreasing cost and size of the latest 
converters. 



Figure 7. Low Power, Low Voltage Reference for the AD7524 
Microprocessor-Compatible 8-Bit DAC 


Figure 9 shows the AD 1403 A used as a reference for the 
AD7524 low-cost 8-bit CMOS DAC with complete micro- 
processor interface. The AD1403A and the AD7524 are 
specified to operate from a single 5 volt supply; this elimi- 
nates the need to provide a +15 volt power supply for the sole 
purpose of operating a reference. The AD7524 includes an 
8-bit data register, and address decoding logic; it may thus be 
interfaced directly to an 8- or 16-bit data bus. Only 300juA of 
quiescent current from the single +5 volt supply is required 
to operate the AD7524 which is packaged in a small 16 pin 
DIP. The AD542 output amplifier is also low power, requiring 
only 1.5mA quiescent current. Its laser-trimmed offset voltage 
preserves the ±1/2LSB linearity of the AD7524KN without 
user trims and it typically settles to ±1/2LSB in less than 5 
microseconds. It will provide the 0 volt to -2.5 volt output 
swing from ±5 volt supplies. 

THE AD1403 AS A PRECISION PROGRAMMABLE 
CURRENT SOURCE 

The AD1403 is an excellent building block for precision 
current sources. Its wide range of operating voltages, 4.5V to 
40V, along with excellent line regulation over that range 
(7.5mV) result in high insensitivity to varying load impedances. 
The low quiescent current (Ii) of 1.5mA (max) and the maxi- 
mum specified maximum load current of 10mA allows the 
user to program current to any value between 1.5mA and 
10mA. 

Figure 10a shows the AD 1403 connected as a current source. 
Total current is equal to the quiescent current plus the load 
current. Most of the temperature coefficient comes from the 
quiescent current term Ij, which has a typical TC of 0.13%/ C 
(1300ppm/°C). The load voltage (and hence current) TC is 
much lower at±40ppm/°Cmax (AD 140 3). Therefore, the over- 
all temperature coefficient decreases rapidly as the load cur- 
rent is increased. Figure 10b shows the typical temperature 
coefficient for currents between 1.5mA and 10mA. Use of an 
AD 1403 A will not improve the TC appreciably. 



I l L = 0 TO 10mA 
. 2,50V 
Rset 




Figure 8a. The AD 1403 as a Precision Programmable 
Current Source 



Figure 8b. Typical Temperature Coefficient of Current 
Source 
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□ ANALOG 
DEVICES 


AD2700/AD2701/AD2702 


±10 Volt Precision 
Reference Series 


FEATURES 

Very High Accuracy: 10.000 Volts ±2.5mV (L and U) 
Low Temperature Coefficient: 3ppm/° C 
Performance Guaranteed -55°C to +125°C 
10mA Output Current Capability 
Low Noise 

Short Circuit Protected 
Available as /883B 


PRODUCT DESCRIPTION 

The AD 2 700 family of precision 10 volt references offer the 
user excellent accuracy and stability at a moderate price by 
combining the recognized advantages of thin film technology 
and active laser trimming. The low temperature drift 
(3ppm/ C) achieved with these technologies can be matched 
only by the use of ovens, chip heaters for temperature regu- 
lation, or with hand selected components and manual trim- 
ming. In addition, temperature-regulated devices are guaran- 
teed only up to +85 C operation, whereas the U- and S-grade 
devices in the AD 2 700 family are guaranteed to +125° C. 

The AD2700 is a +10 volt reference which is designed to 
interface with high accuracy bipolar D/A converters of 10 
and 12 bit resolution. The 10mA output drive capability 
also makes the AD2700 ideal for use as a general positive 
system reference. 

The AD2701 is a negative 10 volt reference especially de- 
signed to interface with CMOS D/A and A/D converters, as 
shown in the applications. For systems requiring a dual tracking 
reference, the AD2702 offers both positive and negative preci- 
sion 10 volt outputs in a single package. Both are often used 
with 5 2XX Series 1 2-bit A/D converters which require 
-10 V external references for high accuracy over wide 
temperature ranges. 

All three devices are offered in “J” and “L” grades for opera- 
tion from -25°C to +85°C and “S” and “U” grades for the 
-55°C to +125°C temperature range. Screening to MIL-STD- 
883 is available for “S” and “U” grades of the AD2700 
family. 


AD2700 SERIES FUNCTIONAL BLOCK DIAGRAMS 


FINE 

+15.0V ADJUST 



FINE FINE 

+15.0V ADJUST ADJUST 



10.0000V 

OUTPUT 


-10.0000V 

OUTPUT 


COMMON FINE 

ADJUST 


-15.0V FINE 
ADJUST 


PRODUCT HIGHLIGHTS 

1. Active laser trimming of both initial accuracy and temper- 
ature performance results in very high accuracy over the 
temperature range without external components. The 
AD2700/01/02 LD grades have a maximum output 
voltage error at 25° C of ±2. 5 mV with no external 
adjustments. 

2. The performance of the AD2700 series is achieved by a 
well-characterized design and precise control over the 
manufacturing process. 

3. The AD2700 series is well suited for a broad range of 
applications requiring an accurate, stable reference source 
such as high resolution data converters (12 or 14 bits), 
test and measurement systems and calibration standards. 


Model 

Output 

AD2700 

+ 10.000V 

AD2701 

-10.000V 

AD2702 

±10.000V 
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(max or min @ E, N ± 15V @ +25°C, R L =2kH unless otherwise noted) 


MODEL 

JD 

LD 

SD 

UD 

ABSOLUTE MAX RATINGS 

Input Voltage (for applicable supply) 

±20V 

* 

* 

* 

Power Dissipation @ +25°C — AD2700, 01 

300mW 

* 



- AD2702 

450mW 

* 

* 

* 

Operating Temperature Range 

-25°C to +85°C 

* 

-55°C to +125°C 

* * * 

Storage Temperature Range 

-65°C to + 150° C 

* 

* 

* 

Lead Temperature (soldering, 10s) 

+300°C 

* 

* 

* 

Short Circuit Protection (to GND) 

Continuous 

* 

* 

* 

OUTPUT VOLTAGE ERROR @ +25°C 

AD2700 10.000V 

±0.005V 

±0.0025V 

* 

* * 

AD2701 -10.000V 

±0.005V 

±0.0025V 

* 

** 

AD2702 ±10.000V 

±0.005V 

±0.0025V 

* 

* * 

OUTPUT CURRENT 1 - ® +25°C 

±10mA 

* 

* 

* 

(Vjn = ±13 to ±18V) over op. temp, range 

±5mA 

+5mA, -2mA 

* * 

* * 

OUTPUT VOLTAGE ERROR - AD2700,01 

10ppm/°C 

3ppm/°C 

* * 

* * 

(Tmin to T max ) 

±11.0mV 

±4.3mV 

±8mV 

±5.5mV 

AD 2 702 

1 flnrim /° C' 

— /°r* 

* * 

5ppm/°C 


±11.0mV 

±5.5mV 

±10.0mV 

±5.5mV 

LINE REGULATION 

Vin =±13.5 to ±16. 5V 

3 00jU V /V 

* 


* 

LOAD REGULATION 

0 to ±10mA 

50/TV/mA 

* 

* 

* 

OUTPUT RESISTANCE 

0.05Q 

* 

* 

* 

INPUT VOLTAGE, OPERATING 

±13V to ±18V 

* 

* 

* 

QUIESCENT CURRENT - AD2700, 01 

±14mA 

* 

* 

* 

- AD2702 

+ 17mA, -4mA 

* 

* 

* 

NOISE 

(0.1 to 10Hz) 

50/xV p-p typ 

* 

* 

* 

LONG TERM STABILITY (@ +55°C) 

lOOppm/lOOO Hrs. (typ) 

* 

* 

* 

OFFSET ADJUST RANGE 

(See Diagrams) 

±20mV (min) 

* 

* 

* 

OFFSET ADJUST TEMP DRIFT EFFECT 

±4juV/°C per mV 
of Adjust (typ) 

* 

* 

* 

PACKAGE OPTION 3,4 

DH-14C 

DH-14C 

DH-14C 

DH-14C 


NOTES 

•Same as “JD” grade performance. 

••Same as “LD” grade performance. 

•••Same as “SD” grade performance. 

1 Specified with resistive load to common. Device not intended for 
use in driving a dynamic load. 

2 Output voltage error as a function of temperature is determined using the box method. 
Each unit is tested at T m j n , T max and +25°C. At each temperature VquT must fall 
within the rectangular area bounded by the minimum and maximum temperature and 
whose maximum Vqut value is equal to Vqut nominal plus or minus the maximum 
+25° C error plus the maximum drift error from +25°C. The box limits are noted 
below the drift values used to calculate the box. 

3 Analog Devices reserves the right to ship metal packages (outline DH-14B) in lieu of 
the standard ceramic packages for J and L grade parts. 

4 See Section 14 for package outline information. 

Specifications subject to change without notice. 
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AD2700/AD2701/AD2702 



N/C N/C NIC NIC NIC NIC COMMON 



NIC N/C N/C N/C N/C N/C COMMON 


FINE V OU T fine test 



FINE -10 FINE -15 N/C N/C COMMON 


ADJUST V OUT ADJUST 





Using AD2702 Reference with the Fast , High Accuracy 
AD5215- 12-Bit ADC 
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USING AD2700 REFERENCE WITH THE AD7520 
AND AN IC AMPLIFIER TO BUILD A DAC 

The AD2700 series is ideal for use with the AD7520 series of 
CMOS D/A converters. A CMOS converter in a unipolar appli- 
cation as shown below performs an inversion of the voltage 
reference input. Thus, use of the +10 volt AD2700 reference 
will result in a 0 to -10 volt output range. Alternatively, using 
the -10 volt AD2701 will result in a 0 to +10 volt range. Two 
operational amplifiers are used to give a bipolar output range 
of -10 volt to +10 volt, as shown in the lower figure. Either 
the AD2700 or AD2701 can be used, depending on the trans- 
fer code characteristic desired. For more detailed applications 
information, refer to the AD7520 Data Sheet. 


+15V (OR -15 FOR AD2701) 



DIGITAL INPUT 

ANALOG OUTPUT 

1111111111 

- V RKF <1 - 2' 10 > 

1000000001 

-Vref (1/2 + 2-‘0> 

1000000000 

_V REF 

2 

0111111111 

-Vref (1/2 - 2-1°) 

0000000001 

~ V REF ( 2 ’ 10 > 

0000000000 

0 


NOTE: 1 LSB = 2’ 1 0 V R£F 


Table I. Code Table — Unipolar Binary Operation 


+15V 



Bipolar Operation (4-Quadrant Multiplication) 


DIGITAL INPUT 

ANALOG OUTPUT 

1111111111 

_V REF (1 “ 2 9 ) 

1000000001 

-Vref (2‘ 9 ) 

1000000000 

0 

0111111111 

Vref <2' 9 > 

0000000001 

Vref (1 -2' 9 > 

0000000000 

V REF 


NOTE: 1 LSB = 2' 9 V R£F 


Table //. Code Table — Bipolar (Offset Binary) Operation 


USING THE AD2700 VOLTAGE REFERENCE WITH 
D/A CONVERTER 

An AD2700 Voltage Reference can be used with an inverting 
operational amplifier and an R-2R ladder network. If all bits 
but the MSB are off (i.e., grounded), the output voltage is 
(-R/2R)E ref . If all bits but Bit 2 are off, it can be shown 
that the output voltage is 1 /2(-R/2 R)E ref = ^E^p-. The 
lumped resistance of all the less-significant-bit circuitry (to 
the left of Bit 2) is 2R; the Thevenin equivalent looking 
back from the MSB towards Bit 2 is the generator, E REF /2, 
and the series resistance 2R; since the grounded MSB series 
resistance, 2R, has virtually no influence — because the 
amplifier summing point is at virtual ground — the output 
voltage is therefore - E REF /4. The same line of thinking can 
be employed to show that the nth bit produces an increment 
of output equal to 2" n E REF . 

DIGITAL INPUT CODE 



a. Basic Circuit 



b. Example: Contribution of Bit 2; All Other Bits "0" 


~ov 



c. Simplified Equivalent of Circuit (b.) 
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ANALOG 

DEVICES 


±10.000 Volt Ultrahigh 
Precision Reference Series 


AD271 0/AD271 2 


FEATURES 

Laser Trimmed to High Accuracy: 10.000V ± 1.0m V 

Low Temperature Coefficient: 1ppm/°C (L Grade) 

Excellent Long Term Stability: 25ppm/1000hrs. 

5mA Output Current Capability 

Low Noise: 30 juV p-p 

Short Circuit Protected 

No Heater Utilized 

Small Size (Standard 14>Pin DIP Package) 


PRODUCT DESCRIPTION 

The AD2710 and AD2712 are temperature-compensated, 
hybrid voltage references which provide precise 10.000V out- 
put from an unregulated input level from 13.5 to 16.5 volts. 
Active laser trimming is used to trim both the initial error at 
+25°C as well as the temperature coefficient, which results in 
ultra high precision performance previously available only in 
oven-regulated modules. The 1 .OmV maximum initial error 
and lppm/°C guaranteed maximum temperature coefficient 
of the AD2710L and AD2712L represent the best perform- 
ance combination available without using ovens or heated 
substrates for temperature regulation. 

The AD2710 series of precision 10.000 volt references offer 
the user unequalled accuracy and stability with performance 
guaranteed over the 0 to +70° C temperature range. The devices 
combine the recognized advantages of thin film technology 
and active laser trimming with a unique integrated ceramic 
package design to provide an excellent reference for use in 
applications requiring high accuracy and stability. 

The AD2710 is recommended for use as a reference for 10-, 

12- and 14-bit D/A converters which require an external refer- 
ence. The device is also suitable for many types of high resolu- 
tion A/D converters, either successive approximation or inte- 
grating designs. The 5mA output drive capability of the device 
also makes the AD2710 ideal for use as a master system 
reference. 

For systems requiring a dual tracking reference, the AD2712 
offers both positive and negative outputs in a single package. 
All units are packaged in an integrated ceramic 14-pin side- 
brazed package offering superior reliability over other package 
designs. 


AD2710/AD2712 FUNCTIONAL BLOCK DIAGRAMS 


FINE 

+15.0V ADJUST 




PRODUCT HIGHLIGHTS 

1. Active laser trimming of both initial accuracy and tempera- 
ture coefficient results in very high accuracy over the tem- 
perature range without the use of external components. 

AD 27 10 has a maximum deviation from 10.000 volts of 
±1.00mV at 25°C with no external adjustments. 

2. The AD2710 and AD2712 are well suited for a broad range 
of applications requiring an accurate, stable reference source 
such as data converters, test and measurement systems and 
calibration standards. 

3. The performance of the AD2710 series is achieved by a 
well-characterized design and close control over the manu- 
facturing process. This eliminates the need for temperature- 
controlled ovens to provide stability. 

4. The advanced multilayer integrated ceramic package results 
in superior electrical performance as well as inherent high 
reliability. 
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(typical @ V s ± 15V after a 5 minute warm-up at +25°C, no load condition unless otheiwise specified) 


Model 

AD2710KN 

AD2710LN 

AD2712KN 

AD2712LN 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage (for applicable supply) 

±18V 

* 

* 

He 

Power Dissipation @ +25°C 

300mW 

* 

450mW 

He He 

Operating Temperature Range 

0 to +70°C 

* 

* 

He 

Storage Temperature Range 

-55°C to +100°C 

* 

* 

He 

Lead Temperature (soldering, 20s) 

+260°C 

* 

* 

H> 

Short Circuit Protection (to GND) 

Continuous 

* 

* 

He 

OUTPUT VOLTAGE ERROR 1 

+25 C 

±1.0mV max 

* 

* 

He 

OUTPUT VOLTAGE TEMPERATURE 

COEFFICIENT 2 

+ 10V Output +25°C to +70° C 

±2ppm/°C max 

±lppm/°C max 

±2ppm/°C max 

±lppm/°C max 

0 to +25°C 

±5ppm/°C max 

*3 

* 

*3 

-10V Output 4 +25°C to +70° C 

Not Applicable 

Not Applicable 

±3ppm/°C max 

±2ppm/°C max 

0 to +25°C 

Not Applicable 

Not Applicable 

±5ppm/°C max 

** 

LINE REGULATION 

V s = ±13.5 to ±16.5 5 

125MV/V(200juV/V max) 

* 

He 

He 

OUTPUT CURRENT 

10mA 

* 

* 

* 

LOAD REGULATION 

I Q = 0 to ±5mA 

5 0/i V/m A( 1 00/i V/m A max) 

* 

He 

He 

OUTPUT RESISTANCE 

0.05Q 

* 

He 

He 

INPUT VOLTAGE 5 

Operating Range 

±13V to ±18V 

* 

He 

He 

Specified Performance 

±13. 5V to ±16. 5V 

* 

He 

He 

QUIESCENT SUPPLY CURRENT 

v s + 

9mA(14mA max) 

♦ 

12mA (16mA max) 

He He 

Vs- 5 

Not Applicable 

Not Applicable 

2mA (4mA max) 

He# 

NOISE 

0.1 to 10Hz 

30juV p-p 

* 

He 

# 

LONG-TERM STABILITY 

T a = +25°C 

25ppm/1000 Hours 

* 

He 

* 

EXTERNAL TRIM RANGE 6 

±10mV 

* 

He 

* 

PACKAGE OPTION 7 

DH-14A 

* 

He 

He 


NOTES 

•Same as AD2710KN. **Same as AD2712KN performance. 

1 Specifications apply to both outputs of the AD2712. 

2 Refer to next page for definition of temperature-related error specifications. 

3 The AD2710LN and AD2712LN outputs are guaranteed for a maximum ±2ppm/°C temperature 
coefficient over the +15°C to +25°C temperature range, Refer to Figure 1. 

4 The +10V and -10V outputs of the AD2712 typically track within ± lppm/° C over the specified temperature range. 

5 Negative power supply not required for AD2710. 

6 Use of the output trim will change the temperature coefficient approximately 0.3ppm/° C for each 
millivolt of adjustment. 

7 See Section 14 for package outline information. 

Specifications subject to change without notice. 
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UNDERSTANDING THE SPECIFICATIONS 

The AD2710 and AD2712 precision references are designed 
for applications requiring both the lowest possible initial error 
at room temperature and the lowest possible temperature drift. 
The specification for initial error is relatively straight-forward, 
and is the absolute error from exactly 10. 000 V. The specifica- 
tion for temperature drift, however, must be explained. 

Various methods have been used to specify the temperature 
drift of voltage references, including the “butterfly”, “box”, 
and “modified-box” (or total error) methods. The AD2710 
and AD2712 are specified with the “butterfly” method. 

Using three or more temperatures provides the user with a 
tighter drift specification, eliminating possible mid-range ex- 
cursions. The AD2710 and AD2712 have been designed and 
characterized as having a smooth drift curve with a virtually 
straight segment from +25°C to +70°C. The typical curve as 
shown is concave downward and gradually increases slope 
near 0°C. 

As can be seen from Figure 1, the AD2710L and AD2712L 
+ 10V outputs will exhibit a maximum temperature coefficient 
of ±lppm/°C (±2ppm/°C for “K” grade) from +25°C to 
+ 70°C. Over the short range between +15°C and +25°C, the 
AD2710L and AD2712L + 10V outputs have a maximum 
drift of only ±2ppm/°C and a maximum drift of ±5ppm/°C 
from 0 to +15°C. The negative output of the AD2712L has a 
similar temperature coefficient characteristic with a maximum 
slope of ±2ppm/°Cfrom+25°C to +70° C. This limit continues 
from +25°C to +15°C and then increases to a ±5ppm/°C 
maximum slope from +15°C and 0°C. Every unit is 100 per- 
cent tested and guaranteed to meet these specifications over 
thefull0to+70 C temperature range. 



0 10 15 20 25 30 40 50 60 70 

TEMPERATURE - °C 


Figure 1. Maximum Change from +10V Output from +25° C 
Value vs. Temperature 

All grades of the AD2710 and AD2712 are tested after a five 
minute warm-up period. This warm-up allows the entire circuit 
to attain thermal equilibrium. The warm-up drift is approxi- 
mately 500 microvolts and is completely settled approxi- 
mately three minutes after turn-on. Figure 2 shows the 
typical warm-up characteristics of the AD2710. 



TURN-ON 


Figure 2. AD2710 Typical Warm-Up Drift 

USING THE AD2710 AS A DAC REFERENCE 
Digital-to-analog converters require a reference to establish 


Applying the AD2710/AD2712 


the full scale output range. It is this reference which will ulti- 
mately determine the absolute accuracy of the converter. 
While many converters include internal reference sources, 
better overall performance can be obtained if a higher preci- 
sion external reference is used. 

+15V 



Figure 3. Low Drift 12-Bit D/A Converter 


Figure 3 shows the AD27 10 used with the AD 5 66 A high-speed 
12-bit DAC. The AD566AKD is laser trimmed for ±1/4LSB 
maximum nonlinearity, and exhibits a gain temperature coef- 
ficient of 3ppm/°C. Use of the AD2710LN reference will 
result in a worst case total gain temperature coefficient of 
4ppm/°C. After initial calibration of the DAC scale factor at 
room temperature, 12-bit absolute accuracy can be maintained 
over the +15°C to +70°C temperature range. The high output 
current capability of the AD2710 allows it to serve as a refer- 
ence for up to 10 such converters in a system. 

The resolution of the AD566A can be extended as shown in 
Figure 3 by summing the output of another DAC. In this ex- 
ample, an AD 5 59 is used to provide 4 additional bits. Since 
the AD559 is driven from the same AD2710 reference as the 
AD566A which provides the higher-order bits, and uses a 
similar internal thin-film resistor ladder, it will exhibit first- 
order temperature tracking. While this circuit provides 16-bits 
of resolution, it is only as accurate as the AD566A used for 
the most significant bits. Use of an AD566AKD will typically 
achieve ±0.003% accuracy (±1/2LSB at 14 bits). 




Figure 4. 16-Bit Binary DAC with AD2710 Reference 
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HIGH RESOLUTION ANALOG-TO-DIGITAL CONVERSION 
The AD2710 is well-suited to both system and instrument-level 
analog-to-digital converter reference requirements. The excel- 
lent absolute accuracy and low temperature drift allow low- 
cost measurement systems to offer high levels of performance. 

The AD7555 is a ^Vz/SVi digit ADC subsystem which uses the 
quad-slope conversion technique to achieve high accuracy at 


AGND-DGND INTERTIE FROM PIN 21 TO PIN 3 



NOTES: 

1. R8 Cl VALUES SHOWN ARE FOR 5 1/2 DIGIT MODE. FOR 4 1/2 DIGIT MODE R 8 = 360k, C, = 0.22pF. 
SUITABLE CAPACITORS AVAILABLE FROM COMPONENT RESEARCH CO. INC., 1655 26th STREET. 
SANTA MONICA, CA. 90404. (STOCK NUMBER FOR 0.22pF CAPACITOR IS D11B224KXW). 

2. R4, R6, R7 1% TOLERANCE 

3. R1, R3 SHOULD TRACK WITHIN 0.5ppm/°C. EITHER BULK METAL OR WIRE-WOUND RESISTORS 
(OR A THIN-FILM NETWORK) SHOULD BE USED. R2 SHOULD BE A LOW-TC TYPE POTENTIOMETER 
OR A SELECTED LOW DRIFT FIXED RESISTOR. 

Figure 5. High Accuracy Low Drift A/D Converter 



low cost. This patented conversion process performs auto- 
matic correction for offsets and other errors in the analog 
circuitry as a part of each conversion. Total scale factor drift 
1.2ppm/°C is possible using the AD2710L reference and medi- 
um-precision external amplifiers. This represents a full scale 
drift of less than ±10 counts in ±200,000 from +15°C to 
+45°C. Less than 1 count of drift will occur in the 4 1/2 
digit mode. 

The AD7555 was designed for use with a 4.096V reference, 
which produces a ±2 volt input range. When the AD2710 is 
used, the input range is increased to ±4.8828 IV (24.4ptV/ 
count). The new scaling can be handled either by using a preci- 
sion gain stage before the AD7555 analog input as shown or by 
using a microprocessor to digitally correct the scale. The actual 
input signal value can be computed by multiplying the count 
produced by the AD7555 by V REF1 (10 volts in this case), and 
dividing the result by 409600. Details of the digital circuitry 
of the AD 75 55 can be found on the AD 75 5 5 data sheet. 

It should be noted that when the AD7555 is used with the 
AD2710 10 volt reference, it is necessary to use a Vrr greater 
than 10 volts. Thus the digital inputs and outputs of the ADC 
will be compatible with CMOS logic levels. 


FINE V 0UT FINE TEST 

ADJUST +10 ADJUST. +15V POINT N/C N/C 



AD2710: +10.000 VOLT REFERENCE 



N/C N/C N/C N/C N/C N/C COMMON 

FINE V 0 UT F*NE TEST 

ADJUST +10 ADJUST +15V POINT N/C N/C 



AD2712: ±10.000 VOLT REFERENCE 



FINE -10 FINE -15V N/C N/C COMMON 
ADJUST Vqut ADJUST 


Figure 7. Pin Connections (Top View) 



Figure 6. Optional Fine Trim Connections 
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□ ANALOG 

DEVICES 10V + 5V References 


ADREF01/ADREF02 


FEATURES 

Replacement for Industry Standard REF01/REF02 
Laser Trimmed to High Accuracy: 

10.000V ±30mV (REF01) 

5.000V ±15mV (REF02) 

(A and E Grades) 

Trimmed Temperature Coefficient: 8.5ppm/°C max 
(A and E Grades) 

Low Noise: 4pV p-p Typical 
Output Trim Capability 
Temperature Output Pin (REF02) 

Machine Insertable Hermetic Cerdip Package 


ADREF01 FUNCTIONAL BLOCK DIAGRAM 


+ V| N 



GROUND 

NOTE: MAKE NO CONNECTIONS TO 
PINS 1, 3, 7 AND 8. 


PRODUCT DESCRIPTION 

The ADREF01 and ADREF02 are a 10V and 5V reference, 
respectively, that utilize a buried Zener diode for minimal noise 
and drift over temperature. The Zener diode provides a precise 
10. 0V (5.0V for REF02) output from an unregulated input 
voltage of 13.5V (10.8V for REF02) to 36V. Laser Wafer Trimming 
(LWT) is used to trim both the initial error at + 25°C as well as 
the temperature coefficient. 

The + 10V output can be adjusted over a + 3%, - 1% range 
with minimal effect on device characteristics. The + 5V output 
can also be adjusted over a + 6%, - 2% range with minimal 
effect on device characteristics. The ADREF01 and ADREF02 
offer good drift characteristics, low power consumption, and 
good accuracy for applications requiring a low-cost reference. 

These devices are recommended as references for 8-, 10- and 
12-bit D/A converters that require an external reference. They 
are also ideal for all types of A/D converters with up to 12-bit 
accuracy. 

The ADREF01E/ADREF02E and ADREF01H/ADREF02H are 
specified for operation from 0 to +70°C, and the ADREF01/ 
ADREF02 and ADREF01A/ADREF02A are specified for oper- 
ation between - 55°C and + 125°C. All grades are packaged in a 
hermetic 8-pin cerdip package. 

PRODUCT HIGHLIGHTS 

1. The ADREF01 is a second source equivalent to the industry 
standard REF01. 

2. The ADREF01 provides a stable 10.000V output for input 
voltages between 13.5V and 36V. 

3. Laser Wafer Trimming reduces ADREF01 initial offset error 
to 30m V (A and E grades). 

4. The ADREF02 is a second source equivalent to the industry 
standard REF02. 


ADREF02 FUNCTIONAL BLOCK DIAGRAM 


+v IN temp 



NOTE: PINS 1, 7 & 8 ARE INTERNAL TEST POINTS. 

MAKE NO CONNECTIONS TO THESE POINTS. 


5. The ADREF02 provides a stable 5.000V output for input 
voltages between 10.8V and 36V. 

6. Laser Wafer Trimming reduces ADREF02 initial offset error 
to 15mV (A and E grades). 

7. Temperature out pin enables the ADREF02 to be configured 
as a temperature transducer. 

8. The buried Zener diode reference on both devices reduces 
noise to 4(jlV p-p and improves temperature stability to 
8.5ppm/°C max (A and E grades). 

9. Cerdip packaging provides hermeticity and machine inserta- 
bility at a low price for the devices. 
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(T A = + 25°C, V, N = + 15V unless otherwise specified) 



ADREF01H 

ADREF01E 

ADREF01 

ADREF01A 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

Output Voltage 

9.950 10.050 

9.970 10.030 


9.970 10.030 

V 

Output Voltage Drift 






Oto + 70°C 

10 25 

3 8.5 

■ I 


± ppm/°C 

- 55°Cto + 125°C 



■HB 

3 8.5 


Gain Adjustment 

-1 

-1 

-1 

-1 

% 


+ 3 

+ 3 

+ 3 

+ 3 


Line Regulation (T min to T max ) 






13.5V < +V in <36V 

100 

100 

100 

100 

± (xV/V 

Load Regulation 






Sourcing 0 < Iout < 10mA 






T m in ft) T max 

100 

100 

100 

100 

± |xV/mA 

Sinking - 10 < Iout < 0mA 






T m in ft) T max 

100 

100 

100 

100 


Quiescent Current 

2 4 

2 4 

2 4 

2 4 

rn A 

Power Dissipation 

30 

30 

30 

30 

mW 

Output Noise 






0.1 Hz to 10Hz 

4 

4 

4 

4 

M-V p-p 

Spectral Density, 100Hz 

100 

100 

100 

100 

nV/VHz 

Long-Term Stability 

15 

15 

15 

15 

ppm/lOOOHr 

Short-Circuit Current-to-Ground 

30 50 

30 50 

30 50 

30 50 

mA 

Short-Circuit Current-to-Vi N 

30 50 

30 50 

30 50 

30 50 

mA 

Turn-On Settling Time 






to 0.01% FS 

60 

60 

60 

60 

|JLS 

Temperature Range 






Specified Performance 

0 +70 

0 +70 

-55 +125 

-55 +125 

°C 


NOTE 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS* (ADREF01 and 


ADREF02) 

V IN to Ground 36V 

Power Dissipation (25°C) 500mW 

Storage Temperature -65°C to + 150°C 

Lead Temp (Soldering, lOsec) 300°C 

Package Thermal Resistance 

0jc 22°C/W 

0j A 110°C/W 


Output Protection: Output safe for indefinite short to ground 
and momentary short to V IN . 


PIN CONFIGURATIONS 



NC 

NC 

VoUT 

TRIM 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



NC 

NC 


TRIM 
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SPECIFICATIONS'. = +25°C, Vj N = + 15V unless otherwise specified) ADREF01/ADREF02 



ADREF02H 

ADREF02E 

ADREF02 

ADREF02A 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

Output Voltage 

4.975 5.025 

4.985 5.015 

4.975 5.025 

4.985 5.015 

V 

Output Voltage Drift 






0 to + 70°C 

10 25 

3 8.5 



ppm/°C 

-55°Cto +125°C 



10 25 

3 8.5 


Gain Adjustment 

-2 

— 2 

-2 

-2 

% 


+ 6 

+ 6 

+ 6 

+ 6 

% 

Line Regulation (T min to T max ) 






10.8V < + V IN <36V 

100 

100 



± |xV/V 

11.4V< +V in <36V 



150 

150 


Load Regulation 






Sourcing 0 < I 0 ut < 10mA 






+ 25°C 

100 

100 

100 

100 

pV/mA 

T m in It) T max 

100 

100 

150 

150 


Sinking - 10 < I 0 ut <0mA 






+ 25°C 

400 

400 

400 

400 


Quiescent Current 

2 3 

2 3 

2 3 

2 3 

mA 

Power Dissipation 

30 

30 

30 

30 

mW 

Output Noise 






O.lHzto 10Hz 

4 

4 

4 

4 

pVp-p 

Spectral Density, 100Hz 

100 

100 

100 


nV/VHz 

Long-Term Stability 

15 

15 

15 

15 

ppm/lOOOHr 

Short-Circuit Current-to-Ground 

30 50 

30 50 

30 50 

30 50 

mA 

Turn-On Settling Time 






to 0.01% FS 


60 


60 

fJLS 

Temperature Voltage Output 

630 

630 

630 

630 

mV 

Temperature Voltage Output 






Temperature Coefficient 

2.1 

2.1 

2.1 

2.1 

mV/°C 

Temperature Range 






Specified Performance 

0 +70 

0 +70 

-55 +125 

-55 +125 

°C 


NOTE 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


ORDERING GUIDE 


Model 

Initial 

Error 

mV 

Temp. 

Coefficient 

ppm/°C 

Temp. 

Range 

°C 

Package 

Option* 

ADREF01HQ/ADREF02HQ 

50/25 

25 

0 to + 70 

Cerdip (Q-8) 

ADREF0 1 EQ/ADREF02EQ 

30/15 

8.5 

0 to +70 

Cerdip (Q-8) 

ADREF01Q/ADREF02Q 

50/25 

25 

-55 to + 125 

Cerdip (Q-8) 

ADREF0 1 AQ/ADREF02 AQ 

30/15 

8.5 

-55 to +125 

Cerdip (Q-8) 


*See Section 14 for package outline information. 
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THEORY OF OPERATION 

The ADREF01 and ADREF02 consist of a proprietary buried 
Zener diode reference, an output buffer amplifier, and several 
high stability thin-film resistors. This design provides an accurate 
10V reference with initial offset of 30mV or less, or an accurate 
5V reference with initial offset of 15mV or less, and a temperature 
coefficient of 8.5ppm/°C (A and E grades). 

LOAD REGULATION 

The ADREF01 and ADREF02 have excellent load regulation 
characteristics. Figure 1 shows that varying the load several mA 
changes the output by only a few jxV. The ADREF02 has somewhat 
better load regulation performance sourcing current than sinking 
current. 



Figure 1. Typical Load Regulation Characteristics 


Figure 2 shows the typical output voltage drift for the ADREF01E 
and ADREF02E and illustrates the test methodology. The box 
in Figure 2 is bounded on the sides by the operating temperature 
extremes, and on the top and the bottom by the maximum and 
minimum output voltages measured over the operating tempera- 
ture range. The slope of the diagonal drawn from the lower left 
to the upper right corner of the box determines the performance 
grade of the device. 



SLOPE = T c = 


V>MAX ~ V|WN 

(T M ax-T min )xVx10 6 


WHERE 

V = 10FORREF01 
5 FOR REF02 


Figure 2. Typical ADREF01E/ADREF02E Temperature Drift 

Each E and H grade unit is tested at 0, + 25°C and 4- 70°C. 

Each ADREF01/ADREF02 & A grade unit is tested at -55°C, 

+ 25°C and + 125°C. This approach ensures that the variations 
of output voltage that occur as the temperature changes within 
the specified range will be contained within a box whose diagonal 
has a slope equal to the maximum specified drift. The position 
of the box on the vertical scale will change from device to device 
as initial error and the shape of the curve vary. The maximum 
height of the box for the appropriate temperature range and 
device grade is shown in Figure 3. Duplication of these results 
requires a combination of high accuracy and stable temperature 
control in a test system. Evaluation of the ADREF01 or ADREF02 
will produce a curve similar to that in Figure 3, but output 
readings may vary depending on the test methods and equipment 
utilized. 


TEMPERATURE PERFORMANCE 

The ADREF01 and ADREF02 are designed for reference appli- 
cations where good temperature performance is needed. Tem- 
perature testing ensures that the device’s high level of performance 
is maintained over the operating temperature range. 

Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, references 
have been characterized using a maximum deviation per degree 
Centrigrade; i.e., ppm/°C. However, because of nonlinearities in 
temperature characteristics which originated in standard Zener 
references (such as “S” type characteristics), most manufacturers 
have begun to use a maximum limit error band approach to 
specify devices. This technique involves the measurement of the 
output at three or more different temperatures to specify an 
output voltage error band. 


DEVICE 

MAXIMUM OUTPUT CHANGE 

GRADE 

(mV) 


OTO +70°C 

— 55°C TO + 125°C 

ADREF01H/02H 

67.5/8.75 


ADREF01E/02E 

36/2.98 


ADREF01/02 


95/22.50 

ADREF01A/02A 


45.3/7.65 


Figure 3. Maximum Output Change in m V 
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ADREF01/ADREF02 


APPLYING THE ADREF01 AND ADREF02 

The ADREFOl is simple to use in virtually all reference appli- 
cations. When power is applied to Pin 2 and Pin 4 is grounded, 
Pin 6 provides a 10V output. No external components are required; 
the degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The ADREFOl requires less 
than 4mA quiescent current from an operating supply of + 15V. 
The ADREF02 requires less than 3mA quiescent current from 
an operating supply of + 12V or + 15V. 

An external fine trim may be desired to set the output level to 
exactly 10.000V or 5.000V when using ADREF02 (calibrated to 
a main system reference). System calibration may also require a 
reference voltage that is slightly different from 10.000V, for 
example, 10.24V for binary applications in the REF01 or 5.12V 
in the REF02. In either case, the optional trim circuit shown in 
Figure 4 can offset the output by as much as 300mV, if desired, 
with minimal effect on other device characteristics. 


+ 3.5V"*" + 26V 



-15V 


Figure 5. Negative 10V Reference 



Figure 4. Optional Fine Trim Configuration 

NEGATIVE REFERENCE VOLTAGE FROM AN 
ADREFOl 

The ADREFOl can be used to provide a - 10.000V output as 
shown in Figure 5. The Vin pin is tied to at least a +3.5V 
supply, the output pin is grounded, and the ADREFOl ground 
pin is connected through a resistor, R s , to a - 15V supply. The 
- 10V output is now taken from the ground pin (Pin 4) instead 
of Vout- It is essential to arrange the output load and the supply 
resistor R s so that the net current through the ADREFOl is 
between 2.5mA and 10mA. The temperature characteristics and 
long-term stability of the device will be essentially the same as 
that of a unit used in the standard + 10V output configuration. 


NEGATIVE REFERENCE VOLTAGE FROM AN 
ADREF02 

The ADREF02 can be used to provide a - 5.000V output as 
shown in Figure 6. The Vin pi n is tied to at least a +6V supply, 
the output pin is grounded, and the ADREF02 ground pin is 
connected through a 4kH resistor to a — 15V supply. The — 5V 
output is now taken from the ground pin (Pin 4) instead of 
Vout- It is essential to arrange the output load and the supply 
resistor R s so that the net current through the ADREF02 is less 
than 5mA. The temperature characteristics and long-term stability 
of the device will be essentially the same as that of a unit used 
in the standard + 5V output configuration. 


+ 6V -f 30V 



-15V 


Figure 6. Negative 5V Reference 
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5V OR 10V REFERENCE WITH MULTIPLYING CMOS 
D/A OR A/D CONVERTERS 

The ADREF02 is ideal for applications with 10- and 12-bit 
multiplying CMOS D/A converters. In the standard hook-up, as 
shown in Figure 7, the ADREF02 is paired with the AD7533 
10-bit multiplying DAC and the AD711 high-speed BiFET op 
amp. The amplifier/DAC configuration produces a unipolar 0 to 

- 5V output range. Bipolar output applications and other operating 
details can be found on the AD7533 data sheet. The ADREF01 
can also be used in this configuration to produce a unipolar 0 to 

- 10V output range. 


68il 

R2 



Figure 7. Low-Cost 10-Bit CMOS DAC Application 

CURRENT SOURCE 

The design of the ADREF01 allows it to be easily configured as 
a current source. The voltage drop from Pin 2 to Pin 4 in Figure 
8 must remain between 13.5V and 36V. There will be a constant 
10V drop across Re- By choosing control resistor Rc you can 
vary the load current from the quiescent current (2mA typically) 
to approximately 10mA. 





TEMPERATURE TRANSDUCER 

The temperature out pin of the ADREF02 allows it to be used 
as a temperature transducer. The output of Pin 3 (TEMP) is a 
voltage that varies linearly with temperature. V T emp at 25°C is 
630mV, and the temperature coefficient is 2.1mV/°C. In the 
configuration shown in Figure 9, Vout from Pin 6 of the ADREF02 
provides a stable reference voltage for the AD OP-07 op amp. 
The temperature dependent voltage from the TEMP pin of the 
ADREF02 is amplified by the AD OP-07 to provide a wider 
full-scale range and more current sourcing capability. 



TEMPERATURE | 

Vqut 

+ 1 

5 W 

6 6 

-0.55V 

OV 

+ 1.25V 


Figure 9. Temperature Transducer 

The resistor values in Figure 9 produce an output (Vout) that 
varies 10mV/°C from -0.55V to 4 - 1.25V over the military 
temperature range. The potentiometer R T controls the offset of 
the transfer function, and the potentiometer R B p controls its 
slope. The equation in Figure 9 can be used to set resistor values 
for other output ranges. 


Figure 8. Current Source 


In the case of the ADREF02, the voltage drop across Pin 2 to 
Pin 4 from Figure 8 must remain between 8V and 36V. There 
will be a constant 5V drop across R c (50011 minimum) 
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Selection Guide 

Data Acquisition Subsystems 


Throughput 



Resolution 

Rate 

No. 

Bus 

Package 

Temp 



Model 

Bits 

kHz 

Channels 

Interface 

Options 1 

Range 2 

Page 

Comments 

AD 1332 

12 

125 

1 

12 

D 

I 

9-31 

Complete 12-Bit 125 kHz Sampling ADC 

*AD1330 

12 

100 

1 

12 

D 

C 

9-29 

18-Bit Floating Point DAS 

*AD1334 

12 

65 

4 

12 

D 

I 

9-49 

Four-Channel 12-Bit Sampling ADC 

AD368 

12 

50 

1 

12 

D 

I, M 

9-19 

Complete 12-Bit ADC with Programmable Gains of 1, 8, 64, 512 

AD369 

12 

50 

1 

12 

M 

I 

9-19 

Complete 12-Bit ADC with Programmable Gains of 1, 10, 100, 500 

AD364 

12 

50 

16/8 

12 

D 

C, M 

9-5 

High Speed 16-Channel 12-Bit DAS 

AD363 

12 

40 

16/8 

12 

D 

C, M 

9-5 

16-Channel 12-Bit DAS 

AD1362 



16/8 


D 

C, M 

9-65 

16-Channel Analog Front-End for 12-Bit ADC 

DAS1152 

14 

25 

1 

14 

D 

I 

9-73 

14-Bit High Accuracy Sampling ADC 

DAS1157 

14 

18 

1 

14 

D 

I 

9-77 

Low Power 14-Bit Sampling ADC 

DAS 1153 

15 

25 

1 

15 

D 

I 

9-73 

15-Bit High Accuracy Sampling ADC 

DAS 1158 

15 

18 

1 

15 

D 

I 

9-77 

Low-Power 16-Bit Sampling ADC 

AD367 

15 


1 

Serial 

M 

C 

9-13 

Integrating ADC with Programmable Gain Amplifier 

DAS 1159 

16 

18 

1 

16 

D 

I 

9-77 

Low Power 16-Bit Sampling ADC 


Package Options: D-Side-Brazed Dual-In-Line Ceramic; M-Metal Hermetic Dual-In-Line. 

2 Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -:55°C to +125°C. 
Boldface Type: Product recommended for new design. 

*New product since the publication of the 1987/1988 Databooks. 



Orientation 

Data Acquisition Subsystems 


Data acquisition subsystems provide many of the functional 
elements of a complete data acquisition system, in various com- 
binations. By doing this, these subsystems allow complete per- 
formance to be provided and specified more easily than with 
systems built from individual components. 

Among the functional blocks that data acquisition subsystems 
provide are: 

• multiple channel input multiplexer 

• programmable gain amplifier 

• sample-hold amplifier 

• microprocessor interface 

• analog-to-digital converter 

• converter reference 


The data acquisition subsystems detailed on the following pages 
provide a wide span of performance capabilities. Resolutions of 
12, 14, 15 and 16 bits, gain ranges of 64:1 up to 512:1 and 
throughputs from 18 to 50kHz are available. These specifications 
must be compared along with input range, package size, power 
consumption and linearity to decide which data acquisition 
subsystem, if any, is best for the application. 
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9-4 DATA ACQUISITION SUBSYSTEMS 



ANALOG 

DEVICES 


Complete 16-Channel, 12-Bit 
Data Acquisition Systems 



FEATURES 

AD363 

16-Channel Data Acquisition Input Stage with: 
Digitally Controlled Channel Selection/Mode Control 
16 Single-Ended or 8 Differential Channels 
25kHz Throughput Rate 

Guaranteed No Missing Codes Over Temperature 
AD364 

16-Channel Data Acquisition Input Stage with: 
Digitally Controlled Channel Selection/Mode Control 
16 Single-Ended or 8 Differential Channels 
20kHz Throughput Rate 

Guaranteed No Missing Codes Over Temperature 
Three-State Buffered Digital Output 


AD363 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTIONS 

The AD363/AD364 are 16-channel data acquisition systems 
which condition and subsequently convert a voltage signal into a 
12-bit digital word. The system consists of two devices, the 
analog input stage (AIS) and the analog-to-digital converter 
(ADC). The AIS includes a 16-channel multiplexer, a differential 
amplifier and a sample-and-hold amplifier. The ADC is a 12-bit 
successive approximation type converter with an on-board voltage 
reference and a three-state digital output. The AIS is manufactured 
using reliable hybrid circuit technology and is packaged in a 32- 
pin DIP. The ADC is a monolithic IC and is packaged in a 18- 
pin DIP. 

The AD364 is a sixteen channel data acquisition system which 
conditions and subsequently converts a voltage signal into a 12- 
bit digital word. The system consists of two devices, the analog 
input stage (AIS) and the analog-to-digital converter (ADC). 

The AIS includes a 16-channel multiplexer, a differential amplifier 
and a sample-and-hold amplifier. The ADC is a 12-bit successive 
approximation type converter with an on-board voltage reference 
and a three-state digital output. The AIS is manufactured using 
reliable hybrid circuit technology and is packaged in a 32-pin 
DIP. The ADC is a single-chip IC and is packaged in a 28-pin 
DIP. 


AD364 FUNCTIONAL BLOCK DIAGRAM 



Both products are specified for operation over both commercial 
(0 to -I- 70°C) and military ( - 55°C to + 125°C) temperature 
ranges. The AD363 and AD364 are available with screening in 
accordance with the B Program of ADI Microelectronics. Please 
contact the factory or nearest sales office for details. 


ORDERING GUIDE 

Temperature 

Model Range 

AD363RKD 0to + 70°C 

AD363RSD - 55°C to + 125°C 

AD364RJD Oto +70°C 

AD364RKD 0to+70°C 

AD364RSD - 55°C to + 125°C 

AD364RTD - 55°C to + 125°C 
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(typical @ +25°C, ± 15V and +5V unless otherwise noted) 


Parameter 

AD363RK 

AD363RS 

ANALOG INPUTS 

Number of Inputs 

16 Single-Ended or 8 Differential 



(Electronically Selectable) 

* 

Input Voltage Ranges 

Bipolar 

±2.5V, ±5.0V, ±10.0V 

* 

Unipolar 

0 to +5V, 0 to +10V 

* 

Input (Bias) Current, Per Channel 

±50nA max 

* 

Input Impedance 

On Channel 

10 10 ft, lOOpF 

* 

Off Channel 

10 10 S2, lOpF 

* 

Input Fault Current (Power Off or On) 

20mA, max, Internally Limited 

* 

Common Mode Rejection 

Differential Mode 

70dB min (80dB typ) @ 1kHz, 20V p-p 

* 

Mux Crosstalk (Interchannel, 

Any Off Channel to Any On Channel) 

-80dB max (-90dB typ) @ 1kHz, 20V p-p 

♦ 

RESOLUTION 

12 BITS 

* 

ACCURACY 

Gain Error 1 

±0.05% FSR (Adj. to Zero) 

* 

Unipolar Offset Error 

±10mV (Adj to Zero) 

* 

Bipolar Offset Error 

±20mV (Adj to Zero) 

* 

Linearity Error 

±‘/ 2 LSB max 

♦ 

Differential Linearity Error 

±1LSB max (±V4LSB typ) 

* 

Relative Accuracy 

±0.025% FSR 

* 

Noise Error 

lmV p-p, 0 to 1MHz 

♦ 

TEMPERATURE COEFFICIENTS 

Gain 

±30ppm/°C max (±10ppm/°C typ) 

±25ppm/°C max (±15ppm/°C typ) 

Offset, ±10V Range 

±10ppm/°C max (±5ppm/°C typ) 

±8ppm/°C max (±5ppm/°C typ) 

Differential Linearity 

No Missing Codes Over Temperature 



Range 

* 

SIGNAL DYNAMICS 

Conversion Time 2 

25 /jls max (22/zs typ) 

♦ 

Throughput Rate, Full Rated Accuracy 

25kHz min (30kHz typ) 

* 

Sample and Hold 

Aperture Delay 

100ns max (50ns typ) 

* 

Aperture Uncertainty 

500ps max (lOOps typ) 

* 

Acquisition Time 

To ±0.01% of Final Value 

18jus max (10|us, typ) 

* 

for Full Scale Step 

Feedthrough 

-70dB max (-80dB typ) @ 1kHz 

* 

Droop Rate 

2mV/ms max (lmV/ms typ) 

♦ 

DIGITAL INPUT SIGNALS 3 

Convert Command (to ADC Section, 

Pin 21) 

Positive Pulse, 200ns min Width. Leading 



Edge (“0” to “1”) Resets Register, 
Trailing Edge (“1” to “0”) Starts Con- 
version. 

* 


1TTL Load 


Input Channel Select (To Analog 

Input Section, Pins 28-31) 

4 Bit Binary, Channel Address. 

♦ 


1LSTTL Load 

* 

Channel Select Latch (To Analog 

Input Section, Pin 32) 

“1” Latch Transparent 

♦ 


“0” Latched 

* 


4LS TTL Loads 

♦ 

Sample-Hold Command (To Analog 
Input Section Pin 1 3 Normally 

“0” Sample Mode 

♦ 

Connected To ADC “Status”, 

“1” Hold Mode 

♦ 

Pin 20) 

2LS TTL Loads 

* 

Short Cycle (To ADC Section Pin 14) 

Connect to +5V for 12 Bits Resolution. 

♦ 


Connect to Output Bit n + 1 For n Bits 

♦ 


Resolution. 

♦ 


1TTL Load 

♦ 

Single Ended/Differential Mode Select 
(To Analog Input Section, Pin 1) 

“0”: Single-Ended Mode 

♦ 


“1”: Differential Mode (+4.0V min) 

* 


3 TTL Loads 

* 
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AD363/AD364 


Parameter 

AD363RK 

AD363RS 

DIGITAL OUTPUT SIGNALS 3 
(All Codes Positive True) 

Parallel Data 

Unipolar Code 

Binary 


Bipolar Code 

Offset Binary /Two’s Complement 

* 

Output Drive 

2 TTL Loads 

* 

Serial Data (NRZ Format) 

Unipolar Code 

Binary 

* 

Bipolar Code 

Offset Binary 

• 

Output Drive 

2TTL Loads 

• 

Status (Status) 

Logic “1” (“0”) During Conversion 

• 

Output Drive 

2 TTL Loads 

• 

Internal Clock 

Output Drive 

2 TTL Loads 

* 

Frequency 

500kHz 

* 

INTERNAL REFERENCE VOLTAGE 

+10.00V, ±10mV 

* 

Max External Current 

± 1mA 

* 

Voltage Temp. Coefficient 

±20ppm/°C, max 

♦ 

POWER REQUIREMENTS 

Supply Voltages/Currents 

+15V, ±5% @ +45mA max (+38mA typ) 

* 


-15 V, ±5% @ -45mA max (-38mA typ) 

* 


+5V, ±5% @ +1 36mA max (+11 3mA typ) 

* 

Total Power Dissipation 

2 watts max (1.7 watts typ) 

* 

TEMPERATURE RANGE 

Specification 

0 to +70° C 

-55 Cto + 125 C 

Storage 

-55°C to +85°C 4 

-55°C to +150° C 

PACKAGE OPTIONS 5 

Analog Input Section (DH-32E) 

AD363RKD 

AD363RSD 

ADC Section (DH-32C) 

AD363RKD 

AD363RSD 


NOTES: 

1 With 50n, 1% fixed resistor in place of Gain Adjust pot. 

2 Conversion time of ADC Section. 

*One TTL Load is defined as Ijl = -1.6mA max ® Vil = 0.4V, Ijh = 40mA max ® Vjh = 2.4V. 

One LS TTL Load is defined as Ijl = -0.36mA max^® Vjl = 0.4V, Ijh = 20mA max ® Vjh = 2.7V. 

4 AD363K External Hold Capacitor is limited to +85°C; Analog Input Section and ADC Section may be stored at up to +150°C. 
5 See Section 14 for package outline information. 

•Specifications same as AD363RK. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS (ALL MODELS) 


+V, Digital Supply 

+5.5V 

V| N , Signal 

±V, Analog Supply 

+V, Analog Supply 

+ 16V 

Vin, Digital 

0 to +V, Digital Supply 

-V, Analog Supply 

-16V 

Agnd to d GND 

±1V 
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AD363 PIN FUNCTION DESCRIPTION 


ANALOG INPUT SECTION 

ANALOG TO DIGITAL CONVERTER SECTION | 

Pin 


Pin 


Number 

Function 

Number 

Function 

1 

Single-End/Differential Mode Select 

1 

Data Bit 12 (Least Significant Bit) Out 


“0”: Single-Ended Mode 

2 

Data Bit 1 1 Out 


“1”: Differential Mode (+4.0V min) 

3 

Data Bit 10 Out 

2 

Digital Ground 

4 

Data Bit 9 Out 

3 

Positive Digital Power Supply, +5V 

5 

Data Bit 8 Out 

4 

“High” Analog Input, Channel 7 

6 

Data Bit 7 Out 

5 

“High” Analog Input, Channel 6 

7 

Data Bit 6 Out 

6 

“High” Analog Input, Channel 5 

8 

Data Bit 5 Out 

7 

“High” Analog Input, Channel 4 

9 

Data Bit 4 Out 

8 

“High” Analog Input, Channel 3 

10 

Data Bit 3 Out 

9 

“High” Analog Input, Channel 2 

11 

Data Bit 2 Out 

10 

“High” Analog Input, Channel 1 

12 

Data Bit 1 (Most Significant Bit) Out 

11 

“High” Analog Input, Channel 0 

13 

Data Bit 1 (MSB) Out 

12 

No Connect 

14 

Short Cycle Control 

13 

Sample-Hold Command 


Connect to +5V for 12 Bits 


“0”: Sample Mode 


Connect to Bit (n+1) Out for n Bits 


“1”: Hold Mode 

15 

Digital Ground 


Normally Connected to ADC. Pin 20 

16 

Positive Digital Power Supply, +5 V 

14 

Offset Adjust 

17 

Status Out 

15 

Offset Adjust 


“0”: Conversion in Progress 

16 

Analog Output 


(Parallel Data Not Valid) 


Normally Connected to ADC 


“1”: Conversion Complete 


“Analog In” 


(Parallel Data Valid) 

17 

Analog Ground 

18 

+10Volt Reference Out 

18 

“High” (“Low”) Analog Input, Channel 15 (7) 

19 

Clock Out (Runs During Conversion) 

19 

“High” (“Low”) Analog Input, Channel 14 (6) 

20 

Status Out 

20 

Negative Analog Power Supply, -15V 


“0”: Conversion Complete 

21 

Positive Analog Power Supply, +15V 


(Parallel Data Valid) 

22 

“High” (“Low”) Analog Input, Channel 13 (5) 


“1”: Conversion in Progress 

23 

“High” (“Low”) Analog Input, Channel 12 (4) 


(Parallel Data Not Valid) 

24 

“High” (“Low”) Analog Input, Channel 11 (3) 

21 

Convert Start In 

25 

“High” (“Low”) Analog Input, Channel 10 (2) 


Reset Logic : ^ 

26 

“High” (“Low”) Analog Input, Channel 9 (1) 


Start Convert : ^ 

27 

“High” (“Low”) Analog Input, Channel 8 (0) 

22 

Comparator In 

28 

Input Channel Select, Address Bit AE 

23 

Bipolar Offset 

29 

Input Channel Select, Address Bit AO 


Open for Unipolar Inputs 

30 

Input Channel Select, Address Bit A1 


Connect to ADC Pin 22 for 

31 

Input Channel Select, Address Bit A2 


Bipolar Inputs 

32 

Input Channel Select Latch 

24 

10V Span R In 


“0”: Latched 

25 

20V Span R In 


“1”: Latch “Transparent” 

26 

Analog Ground 



27 

Gain Adjust 



28 

Positive Analog Power Supply, +15V 



29 

Buffer Out (For External Use) 



30 

Buffer In (For External Use) 



31 

Negative Analog Power Supply, -15V 



32 

Serial Data Out 




Each Bit Valid On Trailing ( ^ ) 

Edge Clock Out, ADC Pin 19 
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(typical @ + 25°C, ± 15V and + 5V unless otherwise noted) 


AD363/AD364 


Parameter 

AD364RJ 

AD364RK 

AD364RS 

AD364RT 

Units 

ANALOG INPUTS 






Number of Inputs 

16 Single-Ended or 8 Differential (Electronically Selectable) 



Input Voltage Range 






Tmin t° T max 

±10 

* 

♦ 

* 

V 

Input (Bias) Current per Channel 

±50 

* 

* 


nA 

Input Impedance ON Channel 

io 10 /ioo 

* 

* 

♦ 

ft/pF 

OFF Channel 

10 10 /10 

* 


* 

ft/pF 

Input Fault Current 

20 

* 

* 

♦ 

mA max 

(Power ON or OFF) 





(Internally 

Common Mode Rejection 





Limited) 

Differential Mode 1kHz 20Vp-p 

70 min (80 typ) 

* 

* 

* 

dB 

Mux Cross Talk (Any OFF Channel 





to Any ON Channel) 1kHz 






20V p-p 

-80 max (-90 typ) 

* 

* 

* 

dB 

Offset, Channel to Channel 

±5 

* 

* 

* 

mV max 

ACCURACY 






Gain Error 1 

0.3 

♦ 

♦ 

♦ 

% of FSR 

Unipolar Offset Error 2 

±10 

±8 

* 

♦ * 

mV 

Bipolar Offset Error 2 

±50 

±20 

* 

* * 

mV 

Linearity Error 

0.024 

0.012 

* 

** 

% of FSR max 


0.024 

0.012 

* 


% of FSR max 

Differential Linearity Error 

0.024 

0.012 

* 

** 

% of FSR max 


0.024 

0.012 

* 

* 

% of FSR max 

Noise Error 

lmV p-p 0.1 Hz to 1MHz 

* 

* 

* 


TEMPERATURE COEFFICIENTS 






Gain 

54 

31 

* 

** 

ppm/°C 

Offset (±10V Range) 

12 

7 

* 

** 

ppm/°C 

Operating Temperature Range 

0 to +70° C 

* 

-55°C to +125°C 

*** 

ppm/ C 

SIGNAL DYNAMICS 






Conversion Time 

32 max (25 typ) 

* 

* 

* 

MS 

Throughput Rate, Full Accuracy 

20 min (25 typ) 

* 

* 

* 

kHz 

Sample Hold 






Aperture Delay 

100 max (50 typ) 

* 

* 

♦ 

ns 

Aperture Uncertainty 

500 max (100 typ) 

* 

* 

♦ 

ps 

Acquisition Time 






To 0.01% of Final Value 






For Full Scale Step 

18 max (10 typ) 

♦ 

* 

* 

Ms 

Feedthrough at 1kHz 

-70 max (-80 typ) 

* 

* 

♦ 

dB 

Droop Rate 

2 max (1 typ) 

* 

* 

* 

mV/ms 

DIGITAL INPUT SIGNALS 






Analog Input Section 






Input Channel Select 

4 Bit Binary Address 

* 

* 

* 



1 LS TTL Load 

* 

* 

* 


Channel Select Latch 

“1” Latch Transparent 

* 

* 

* 



“0” Latched 

* 

* 

* 



4 LS TTL Loads 

* 

* 

* 


Single Ended/Differential 

“0” Single Ended 

* 

* 

* 


Mode Select 

“1” Differential (+4V min) 


* 

* 



3TTL Loads 

* 

* 

* 


Sample and Hold Command 

“0” Sample Mode 


* 




“1” Hold Mode 

* 

* 




1TTL Load 

* 

* 

* 


ADC Section 3 4.5<V L <5.5 






Logic Input Threshold 






Tmin t0 Tmax 






Logic “1” 

2.0 

* 

* 

* 

V min 

Logic “0” 

0.8 

* 

* 

* 

V max 

Logic Input Current 






Tmin to T ma x 






Logic “1” 

10 

* 

* 

* 

/liA max 

Logic “0” 

10 



* 

juA max 

DIGITAL OUTPUT SIGNALS 






Logic Outputs T min to T max 






Sink Current Vqut = 0-4V 

1.6 

* 

* 

* 

mA min 

Source Current Vqut = 2.4V 

0.5 

* 

* 

* 

mA min 

Output Leakage When In 






Three State 

±40 


* 


/ iA max 

Output Coding 






Unipolar 

Positive True Binary 

* 

* 

* 


Bipolar 

Positive True Offset 






Binary 

* 

* 

* 
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Parameter 

AD364RJ 

AD364RK 

AD364RS 

AD364RT 

Units 

POWER REQUIREMENTS 






Supply Voltages/Currents 

+15V, ±5% @ 36mA max * 

* 

* 



-15V, ±5% @ 65mA max * 

* 

* 



+ 5V, ±5% @ 75mA max * 

* 

* 


PACKAGE OPTIONS 4 






Analog Input Section (DH-32E) 

AD364RJD 

AD364RKD 

AD364RSD 

AD364RTD 


ADC Section (D-28) 

AD364RJD 

AD364RKD 

AD364RSD 

AD364RTD 



NOTES 

‘With 500 resistor from REF IN to REF OUT. Adjustable to zero. 
3 Adjustable to zero. 

3 12/8 line must be hard wired to VlqgIC or digital common. 


4 See Section 14 for package outline information. 
♦Specifications same as AD364J. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS (ALL MODELS) 


+V, Digital Supply 

+5.5V 

V| N , Signal 

±V, Analog Supply 

+V, Analog Supply 

+ 16V 

Vjn, Digital 

0 to +V, Digital Supply 

—V, Analog Supply 

-16V 

Agnd to Dgnd 

±1V 


AD364 PIN FUNCTION DESCRIPTION 


ANALOG INPUT SECTION 

K n I 


Number 


Function 


ANALOG TO DIGITAL CONVERTER SECTION 


Pin 

Number 


Function 


1 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


14 

15 

16 


17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Single-End/Differential Mode Select 
“0”: Single-Ended Mode 
“1”: Differential Mode 
Digital Common 

Positive Digital Power Supply, +5V 
“High” Analog Input, Channel 7 
“High” Analog Input, Channel 6 
“High” Analog Input, Channel 5 
“High” Analog Input, Channel 4 
“High” Analog Input, Channel 3 
“High” Analog Input, Channel 2 
“High” Analog Input, Channel 1 
“High” Analog Input, Channel 0 
No Connect 
Sample-Hold Command 
“0”: Sample Mode 
“1”: Hold Mode 

Normally Connected to ADC Pin 28 
Offset Adjust 
Offset Adjust 
Analog Output 

Normally Connected to ADC 
“Analog In” 

Analog Common 

“High” (“Low”) Analog Input, Channel 15 (7) 
“High” (“Low”) Analog Input, Channel 14 (6) 
Negative Analog Power Supply, -15V 
Positive Analog Power Supply, +15V 
“High” (“Low”) Analog Input, Channel 13 (5) 
“High” (“Low”) Analog Input, Channel 12 (4) 
“High” (“Low”) Analog Input, Channefll (3) 
“High” (“Low”) Analog Input, Channel 10 (2) 
“High” (“Low”) Analog Input, Channel 9 (1) 
“High” (“Low”/ Analog Input, Channel 8 (0) 
Input Channel Select, Address Bit AE 
Input Channel Select, Address Bit AO 
Input Channel Select, Address Bit A1 
Input Channel Select, Address Bit A2 
Input Channel Select Latch 
“0”: Latched 
“1”: Latch “Transparent” 


1 

2 


3 


4 


5 


6 


7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


Logic Power Supply, +_5V 
Data Mode Select (12/8) 

“0”: 8 Upper Bits or 

4 Lower Bits as Selected by Byte 
Select (Aq) 

Chip Select (CS) 

“0”: Device Selected 
“1”: Device Inhibited 
Byte Address/Short Cycle (Aq) 

“0”: Upper 8 Bits Enabled (12/8 “0”)/ 

12 Bit Cycle 

“1”: Lower 4 Bits Enabled (12/8 “1”)/ 

8 Bit Cycle 
Read Convert (R/C) 

“0”: Convert Start 
“1”: Read Enable 
Chip Enable (CE) 

-JT". R/C “0”, CS “0” Initiates Conversion 
_i f~ : R/C “1”, CS “0” Initiates Read 
“0”: Device Disabled 
“1”: Device Enabled 
Analog Power Supply, +15V (Vcc) 

Reference Out, +10V 
Analog Common (AC) 

Reference In 

Analog Power Supply, -15V (Vee) 

Bipolar Offset 
10 Volt Span Input 
20 Volt Span Input 
Digital Common (DC) 

Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 
Data Bit 8 
Data Bit 9 
Data Bit 10 
Data Bit 1 1 
Status Out 
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AIS Functional Block Diagram 



Figure 1. AD363 


By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration packages plug into standard sockets and are 
easier to handle than larger packages with higher pin counts. 

System Timing 

Figure 2 is a timing diagram for the circuit shown in Figure 1 
and operating at maximum conversion rate. 


ADDRESS 


ADDRESS LATCH 


CONVERT COMMAND 


STATUS (SAMPLE-HOLD) 


GATED CLOCK 


ADDRESS MAY BE CHANGED 



Figure 2. DAS Timing Diagram 


Theory of Operation - AD363/AD364 


The normal sequence of events is as follows: 

1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is “busy” by placing a Logic “1” 
on its Status line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is “busy”, the sample-and-hold is in the Hold mode. 

4. The ADC goes into its conversion routine. Since the sample- 
and-hold is holding the proper analog value, the address 
may be updated during conversion. Thus multiplexer set- 
tling time can coincide with conversion and need not affect 
throughput rate. 

5. The ADC indicates completion of its conversion by return- 
ing Status to Logic “0”. The sample-and-hold returns to 
the Sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to “acquire” the next 
input to sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to 

stabilize at its new value, another Convert Start command may 

be issued to the ADC. 


Single-Ended/Differential Mode Control 

The AIS features an internal analog switch that configures 

the Analog Input Section in either a 16-channel single-ended 

or 8-channel differential mode. This switch is controlled by a 

non-TTL logic input applied to pin 1 of the Analog Input 

Section: 

“0”: Single-Ended (16 channels) 

“1”: Differential (8 channels) (+4.0V min) 

When in the differential mode, a differential source may be 
applied between corresponding “High” and “Low” analog 
input channels. 

It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within ±0.01% of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold 
in the “Hold” mode). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding “High” and “Low” analog input chan- 
nels. Another application of this feature is the capability of 
measuring 16 sources individually and/or measuring differences 
between pairs of those sources. 


Input Channel Addressing 

Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 
digital number to the four Input Channel Select address bits, 
AE, A0, Al, A2 (pins 28—31). In the differential mode, the 
eight channels are addressed by applying the appropriate 
digital code to A0, Al and A2; AE must be enabled with a 
Logic “1”. Internal logic monitors the status of the SE/DIFF 
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Mode input and addresses the multiplexers singularly or in 
pairs as required. 


ADDRESS 

1 ON CHANNEL (Pin Number) 

AE 

A2 

A1 

A0 

Single Ended 

Differential 
“Hi” “Lo” 

0 

0 

0 

0 

0 

(ID 

None 


0 

0 

0 

1 

1 

(10) 

None 


0 

0 

1 

0 

2 

(9) 

None 


0 

0 

1 

1 

3 

(8) 

None 


0 

1 

0 

0 

4 

(7) 

None 


0 

1 

0 

1 

5 

(6) 

None 


0 

1 

1 

0 

6 

(5) 

None 


0 

1 

1 

1 

7 

(4) 

None 


1 

0 

0 

0 

8 

(27) 

0(11) 

0 (27) 

1 

0 

0 

1 

9 

(26) 

1 (10) 

1 (26) 

1 

0 

1 

0 

10 

(25) 

2 (9) 

2 (25) 

1 

0 

1 

1 

11 

(24) 

3 (8) 

3 (24) 

1 

1 

0 

0 

12 

(23) 

4 (7) 

5 (23) 

1 

1 

0 

1 

13 

(22) 

5 (6) 

5 (22) 

1 

1 

1 

0 

14 

(19) 

6 (5) 

6 (19) 

1 

1 

1 

1 

15 

(18) 

7 (4) 

7 (18) 


Table I. Input Channel Addressing Truth Table 


When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
±0.01% of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver- 
sion is in progress (with the sample-and-hold in the “hold” 
mode). 

Input Channel Address Latch 

The AIS is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32) is at 
Logic “1”, input channel select address information is passed 
through to the multiplexers. A Logic “0” “freezes” the input 
channel address present at the inputs at the “l”-to-“0” tran- 
sition (level-triggered). 

This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 

Sample-and-Hold Mode Control 

The Sample-and-Hold Mode Control input (pin 13) is normally 
connected to the Status output (pin 20) from an analog to 
digital converter. When a conversion is initiated by applying a 
Convert Start command to the ADC, Status goes to Logic “1”, 
putting the sample-and-hold into the “Hold” mode. This 
“freezes” the information to be digitized for the period of 
conversion. When the conversion is complete, Status returns 
to Logic “0” and the sample-and-hold returns to the “Sample” 
mode. Eighteen microseconds must be allowed for the sample- 
and-hold to acquire (“catch up” to) the analog input to within 
±0.01% of the final value before a new Convert Start com- 
mand is issued. 

The purpose of a sample-and-hold is to “stop” fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SE/ DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic “0”) rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
sample mode. 


Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AIS may be adjusted, 
that adjustment is normally performed at the ADC. In some 
special applications, however, it may be helpful to adjust the 
offset of the Analog Input Section. An example of such a case 
would be if the input signals were small (<10mV) relative to 
the AIS voltage offset and if a gain stage was to be inserted 
between the AIS and the ADC. To adjust the offset of the 
AIS, the circuit shown in Figure 4 is recommended. 



Figure 4. A IS Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

Other Considerations 

Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing 
in the analog ground circuit and inducing spurious analog sig- 
nal noise. Analog Ground (pin 17) and Digital Ground (pin 2) 
are not connected internally; these pins must be connected 
externally for the system to operate properly. Preferably, this 
connection is made at only one point, as close to the AIS 
as possible. The case is connected internally to Digital Ground 
to provide good electrostatic shielding. If the grounds are not 
tied common on the same card with the AIS they should be 
connected with back-to-back general purpose diodes as shown 
in Figure 5. This will protect the AIS from possible damage 
caused by voltages in excess of ±1 volt between the ground 
systems which could occur if the key grounding card should 
be removed from the overall system. The device will operate 
properly with as much as ±200mV between grounds, however 
this difference will be reflected directly as an input offset 
voltage. 


TO 

CARD 

CONNECTOR 


+ IN914 

4 ¥ OR 

I EQUIVALENT 


Figure 5. Ground-Fault Protection Diodes 


Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. lpF 
tantalum types are recommended; these capacitors should be 
located close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high 
frequency power supply decoupling since each power lead is 
bypassed internally with a 0.039/iF ceramic capacitor. 
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ANALOG 

DEVICES 


High Resolution 
Programmable Gain DAS 


AD367 


FEATURES 

Differential Input - Programmable Gain Amplifier 

6-Bit (1 of 64) Gain Control 

Internal —10V Reference 

15-Bit Integral Nonlinearity 

±305pV Resolution 

10ms Conversion Time 

External Integration Capacitor 

Programmable Conversion Time 

APPLICATIONS 
Medical Instruments 
Blood Analyzers 
Analytical Instrumentation 
Data Acquisition Systems 
Chromatography 
Process Control 


AD367 FUNCTIONAL BLOCK DIAGRAM 



PULSE 

OUT 


PRODUCT DESCRIPTION 

The AD367 is a wide dynamic range integrated circuit which 
contains all the analog functions needed to construct a high 
resolution, high accuracy integrating Data Acquisition System. 

It utilizes hybrid technology to incorporate a programmable gain 
amplifier, integration amplifier, - 10V reference, comparator, 
and control logic in a 24-pin hermetic dual-in-line package. 

The programmable gain amplifier provides 6-bits (1 of 64) gain 
control which are digitally selectable with CMOS voltage levels. 
The dual slope converter uses time to quantitize the analog 
input signal. The differential front-end allows true differential 
inputs with high common mode rejection, or single-ended inputs 
with ground sense capability. This conversion technique has 
inherent high frequency noise immunity and excellent normal 
mode noise rejection at frequencies that are integal multiples of 
1/T i (T x = the signal integration period). The conversion accuracy 
is independent of both the integration capacitance and clock 
frequency, since they affect both the signal integration phase 
and reference integration phase in the same ratio. A microprocessor 
and software routine or any digitizing timer that accepts TTL 
inputs can be used to count clock pulses to digitize the AD367 
output. The integration capacitor is external, therefore conversion 
time may be adjusted by the user. The nominal value is 0.012|jlF 
for an integration time of 4ms and total conversion time of 
10ms. By choice of integration capacitor and clock frequency 
the integration time is programmed from a minimum of 2ms to 
a maximum of 20ms. The maximum conversion rate is 200 
samples per second. 


PRODUCT HIGHLIGHTS 

1. The AD367KM provides true 15-bit (±0.00305% FSR 
maximum linearity error) performance with 305 |xV 
resolution. 

2. The differential input programmable gain amplifier front end 
has 6-bit (1 of 64) gain control. This provides gains of 

0.2 82V /V to 24V/V, or input full-scale ranges of 0.417V to 
10.0V for maximum flexibility. 

3. The integration capacitor is external. Integration time is 
user-programmable, from 2ms to 20ms. The maximum con- 
version rate is 200 conversions per second. 

4. The dual slope integration conversion technique provides 
superior high frequency noise immunity, and excellent normal 
mode noise rejection of frequencies which are multiples of 
the inverse of the integration period. 

5. An internal precision - 10.0 V reference is provided, but an 
external reference may be used for multi-channel applications 
where use of a system reference is required. 

6. The pulse-width output is easily converted to digital binary 
format by the addition of external IC counter-timers. The 
counter clock rate is independent of the integrator clock rate. 


ORDERING GUIDE 



Linearity 


Temperature 

Model 

Error 

Resolution 

Range 

AD367KM 

±0.00305% FSR 

±305|jlV 

0 to + 70°C 
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(typical @ + 25°C, V s = ± 15V, + 5V, T1 = 4.000ms, C INT = 0.01 2^ unless othewnse noted) 




AD367KM 


Parameter 

Min 

Typ 

Max 

Units 

ACCURACY/RESOLUTION 





Integral Nonlinearity Error 2 



0.00305 

% FSR 

Resolution 3 

±305 




ANALOG INPUTS 





Range 

0 


10 

V 

Input Resistance 

80 



kfl 

Common Mode Rejection Ratio 4 

90 

100 


dB 

Vref Input Resistance 

300 



kD 

Shorting Switch Isolation 5 

45 

56 


dB 

DIGITAL INPUTS 





Clock 





Vi„ 

2.0 



V 

VlL 



0.7 

V 

Gain Bits 6 





Vih 

14.5 



V 

V, L 



0.5 

V 

DIGITAL OUTPUT (LSTTL Compatible) 





Voh 

2.4 



V 

Vql 



0.4 

V 

IoH 

-370 



(jlA 

IoL 



6 

mA 

DYNAMIC PERFORMANCE 





Conversion Time 



10 

ms 

Offset Pulse Width 7 

152 


248 

|XS 

Scale Factor 

361 

384 I 

407 

|JLS/V 

Over Temperature 




ppm/°C 

PSRR 8 





+ 15V± 3% 




jjls/V 

-15V ±3% 


0.5 


|AS/V 

+ 5V ± 3% 


1 


(xs/V 

PROGRAMMABLE GAIN AMPLIFIER 9 





Maximum Gain 


24 


V/V 

Minimum Gain 


0.282 


V/V 

Resolution 



6 

Bits 

Gain Error, Any Range 



±2 

% 

Gain Linearity Error 



±0.00305 

% FSR 

INTERNAL VOLTAGE REFERENCE 





Vref 

-9.95 

-10 

- 10.05 

V 

vs. Temperature 


10 

15 

ppm/°C 

Maximum External Current without Degradation 



500 

|xA 

POWER REQUIREMENTS 





Positive Supply Range 

14.55 

15 

15.45 

V 

Negative Supply Range 

- 14.55 

-15 

-15.45 

V 

Logic Supply Range 

4.75 

5 

5.25 

V 

Supply Current 





+ 15V 


18 


mA 

-15V 


23 


mA 

+ 5V 


27 


mA 

Power Dissipation 


750 

1100 

mW 

TEMPERATURE RANGE 





Specification 

0 


70 

°C 

Operating 

-25 


+ 85 

°C 

Storage 

-55 


+ 125 

°C 

PACKAGE OPTION 10 (DH-24D) 

24-Pin DIP 

■ 



NOTES 

‘Polystyrene or Teflon. 

Referenced to the input. 

3 Referenced to the output of the programmable gain stage (Pin 4). 
4 Source impedance < lfi 0 to 10V 
5 A inl (Pin 2) at analog ground. 

6 Open collector TTL and 15 V CMOS compatible. 


Pulse width (V IN =0V) = 

10V, Gain = 1.03. 

24 x (128 x B1 + 64 x 


VosCRi> 


- , Ri NT 2 = 327kH nominal. 


10 See Section 14 for package outline information. 
Specifications subject to change without notice. 
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Principles of Operation -AD367 



AD367 Functional Block Diagram 

BASIC OPERATION 

The AD367 is a high resolution dual slope integrating converter 
building block. Its output is a pulse width whose duration is 
proportional to the input voltage and the gain selected. The 
active-low output pulse is used to gate a separate counter which 
accumulates pulses from a high speed clock. This partition of 
the analog-to-digital conversion function into an analog processing 
section and digital counting greatly reduces the potential for 
crosstalk between the noisy digital function and the low-level 
signal processing performed by the analog front-end. This pre- 
serves the inherent rejection of high frequency normal mode 
noise that is a prime advantage of the dual slope conversion 
technique. 

INPUT STAGE 

The AD367 is internally partitioned into a differential-input 
amplifier, a single-ended user-programmable gain amplifier, and 
the actual dual-slope converter. The differential amplifier allows 
digitization of input signals with common mode voltages of up 
to ± 10V. It has a nominal input impedance of lOOkfl and is 
configured for unity gain. 

The programmable gain amplifier (PGA) is programmed via a 
6-bit digital code. If “Bj”, represents the logical value of the 
most significant gain-selected bit, “B 2 ” the next most significant 
bit, etc., then the gain of the PGA is: 

„ (128BJ + 64B 2 + 32B 3 + 16B 4 + 8B 5 + 4B 6 + 3) x24 

G = Bs 

The gain-select pins are internally pulled-up to the + 15V supply. 
Gain programming can be accomplished using either an open 
collector TTL Driver such as the 7406 or with 4000-series CMOS 
(Vdd~ 15V). For fixed gain applications the gain-select pins can 
be tied to analog ground or left open as required. 


Bi 

b 2 

B 3 

B 4 

Bs 

b 6 

GAIN (V/V) 

0 

0 

0 

0 

0 

0 

0.282 

0 

0 

0 

0 

0 

1 

0.659 

1 

0 

0 

0 

0 

0 

12.33 

1 

! 

1 

1 

, 

1 

24.00 


Table I . AD367 PGA Truth Table 


INTEGRATOR STAGE 

The AD367 integrator stage uses the dual slope conversion 
technique. A simplified dual slope converter is shown in Figure 
1 . While the input pulse is applied to clock in, the input signal 
is applied to the integrator. After a predetermined period the 
input pulse is removed, a reference signal of opposite polarity is 
applied to the integrator, and the output pulse is initiated. At 
the moment the integrator is switched to the reference (deinteg- 
ration) phase the accumulated charge on the integrating capacitor 
is proportional to the average value of the input over the integration 
interval. The deintegration of the reference is an opposite going 
ramp with slope Vre F /RC. When the integrator output reaches 
zero, the comparator is tripped and the output pulse is terminated. 
This completes the conversion cycle. Since the charge gained in 
the integration phase is proportional to Vi N xT (see Figure 1) 
and the amount of charge lost is proportional to Vref x t (and 
equal to the amount of charge gained) t is proportional to Vrm/V ref- 
The converter output is thus a pulse whose width is proportional 
to the input voltage. A dual slope converter is therefore a Voltage- 
to-Time converter. If the output pulse is used to gate a binary 
counter, the output of the counter will be binary digital rep- 
resentation of the input voltage. 


INTEGRATION 

CAPACITOR 




Figure 1. Simplified Basic Dual Slope Converter 


ADVANTAGES OF DUAL-SLOPE INTEGRATION 

Conversion accuracy is independent of the length of the clock 
period and the integrating capacitance. Theoretical accuracy 
depends only on the absolute value of the reference and the 
stability of the clock. Even changes in other components such as 
the comparator input offset voltage have no effect as long as 
they do not change during a conversion. Differential linearity is 
excellent since the technique is analog and inherently free from 
discontinuities. 

AD367 DETAILED OPERATION 

The input differential amplifier operates with input voltages 
within the common mode range of 0 to 10V. The input resistance 
is lOOkfl (80kfl minimum) and there is a shorting switch on the 
noninverting input for user calibration in single-ended mode. 
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The input shorting switch shorts + V IN to ground through 
20kH to limit the short circuit current of the driver. The AD367 
inputs must be buffered. The AD OP-07 is well recommended 
for this purpose, due to its low noise. For source impedances of 
less than 5-10kfl the AD OP-27 would be an even better choice. 
Note: The high 1/f noise of most FET and BiFET amplifiers 
make them unsuitable for this application. 

The offset of the PGA section is not trimmable per se, however, 
the direct PGA output is available on Pin 4. Great care must be 
exercised to avoid introducing extraneous signals at this point. 

A more detailed procedure for offset trim and calibration of the 
AD367 is given below in the calibration section. 

The dual slope converter section is configured for a nominal 
full-scale input voltage of 10V. In addition, the zero point of the 
converter is offset by 5% full scale. This guarantees that the 
converter linearity will not be degraded for inputs near zero. 
Maximum linearity is obtained when the gain is programmed so 
that the maximum full-scale input voltage produces an output 
pulse of maximum duration consistent with the desired conversion 
rate. Alternatively the gain can be set to provide a 10V signal to 
the integrator (or Pin 4, the output of the PGA) when a full-scale 
input is supplied. 

The built-in offset is also used to protect against possible negative 
polarity inputs while taking very low level measurements (or 
“dark current” readings from optical sensors). The offset pulse 
is accomplished by using a portion of the internal reference as 
the threshold voltage to signal the end of conversion as shown 
in Figure 2. This voltage appears on Pin 7 and is factory set for 



Figure 2. 


-0.510V, which yields a nominal 200|xs offset pulse with a 
0.01 2 |xF integration capacitor. This offset pulse width may be 
adjusted by using a lOOkfl potentiometer as shown in Figure 3. 



OFFSET PULSE 
WIDTH ADJUST 


The AD367 Transfer Function is: 


i ,vr-j.L ~V IN RlNT2 , V 0 S C R INT2 

Pulse Width = — x — — T x 4 — 

Vref B int1 V ref 

Where: 

T i = The clock period 

Vos = Voltage Offset ( - 0.5 10V nominal) 

C = Integration Capacitor 
Rinti = Signal Integration Resistor = 340kH 
Rint 2 = Reference Integration Resistor = 327kfl 
Vref= - 10V (if internal voltage reference is used) 

Figure 4 shows the AD 367 operation for a near full-scale input 
voltage. The input signal is integrated as the negative slope, and 
the reference voltage as the positive slope. The output pulse is 
low until the positive going edge (the reference integration phase) 
exceeds -Vos ( + 0.510V). The rising edge of the clock coincides 
with the knee of the integrator and the falling edge of the 
output. 


Figure 5 shows a good view of the offset at work. A slight negative 
input voltage will not cause an absence of output pulse 

f\1 A ACT 7\ 

\ v IN"" u * v -' v )• 



OUTPUT PW 


INTEGRATOR 

INPUT CLOCK 


Figure 4. 



Figure 5. 


To maximize the resolution and accuracy of the converter, the 
PGA gain should be set such that the maximum input signal 
voltage provides a 10V signal to the integrator (Pin 4). Then the 
clock pulse width and integration capacitor should be selected 
using the relation: 


Figure 3. 

The leading edge of an externally applied negative going clock 
pulse initiates a conversion. The AD367 will output a pulse 
whose width is proportional to the input signal. The output 
pulse is active low. Its leading (falling) edge is triggered by the 
rising edge of the external clock, and its trailing edge is dependent 
upon the input signal level. When using the internal reference 
or with an external — 10V reference a clock pulse of 4ms provides 
an integrator full-scale range of 10V with a 0.012p,F integration 
cap. 

For other reference and integration capacitor values the signal 
integration period should be adjusted to prevent saturation of 
the integrator, i.e., the maximum integrator deflection should 
not exceed 10V. 


T 

F s Rinti = 3 4 (Ml 

^INT 

This ensures that the maximum dynamic range of the integrator 
is used, and will result in the best linearity from the converter. 
Polystyrene or Teflon capacitors only are recommended. The 
AD367 Timing Diagram is shown in Figure 6. 

PGA settling under worst-case conditions (Gain = 24, full-scale 
input voltage step) is typically 70fxs, as shown in Figure 8. The 
PGA output must be allowed to settle before a conversion is 
initiated, or the first conversion result after an input voltage 
change ignored if the AD367 is operated in continuous conversion 
mode. Figure 9 shows the PGA settling after a change from 
minimum to maximum gain (0.282 to 24 V/V), which is also 
70(xs typically. 
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Applications -AD367 



Figure 6. AD367 Timing Diagram 


CALIBRATION 

The AD367 should be endpoint calibrated for maximum system 
accuracy. Calibration is a straightforward procedure: 

1 . Choose a gain consistent with keeping the output of the 
programmable gain amplifier at or below 10V when a full-scale 
input voltage is applied. 

2. Apply a zero input signal, V z . Use the shorting switch if the 
input is single-ended. The shorting switch will ensure a good 
ground potential at the input. 

3. Measure the output offset pulse, PWqs- 

4. Apply a known full-scale voltage, V F s, to the inputs. 

5. Measure the output full-scale pulse, PW F s- 

6. Subsequent measurements will give, to within ±0.00305% 
FSR, the input voltage according to the following equation: 

V IN = (Pulse Out-PW os ) x + V z 

INPUT, GROUNDING, AND DECOUPLING 
CONSIDERATIONS 

For most applications, the AD367 will be used with single-ended 
inputs and the internal - 10V reference. The connections for 
this mode of operation are shown in Figure 7, including input 
buffering, power supply decoupling, and input ground sense. 

As with many data acquisition components, the AD367 has 
separate analog and digital grounds. These pins (15 and 17) are 
not connected internally, but should be tied together at one 


point as close to the converter as possible. Ideally, a single solid 
ground plane under the converter is desirable. Current flows 
through the wires and etch stripes of circuit cards, and since 
these paths have resistance and inductance, hundreds of millivolts 
can be generated between the system analog ground and the 
ground pins of the AD367. Separate wide conductor stripe 
ground returns should be provided for high resolution converters 
to minimize IR losses from current flow in the converter to 
system ground run. Care must be taken to prevent digital logic 
return currents from being summed into the same return path 
as analog signals to prevent measurement errors. 

Each of the AD367’s supply terminals should be capacitively 
decoupled as close to the AD367 as possible. A large value 
capacitor, such as ljxF, in parallel with a 0.1 |xF capacitor is 
usually sufficient. Analog supplies should be decoupled to the 
analog ground pin, and the logic supply to the digital ground 
pin. 



GAIN = 24 

V IN = 0.00 TO 0.417V STEP 
(ZERO TO FULL SCALE) 


Figure 8. AD367 PGA Section Settling 
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Figure 9. AD367 PGA Section Gain Settling 



Figure 7. Input Connections for Single-Ended Operation 


The metal case is at analog ground potential for shielding. Care 
should be exercised to prevent shorting to board circuitry beneath 
the part. 

GENERAL INTERFACE CONSIDERATIONS 

The control logic of the AD367 and the synchronous counter 
scheme shown in Figure 10 makes direct connection to most 
microprocessor buses possible. While it is impossible to describe 
the details of the interface connections for every microprocessor, 
a representative example is presented here. 

Analog-to-di^ital converters, like any I/O device, may be interfaced 
to microprocessors by several methods. These include direct 
memory access (DMA), isolated or accumulator I/O, and memory- 
mapped I/O. DMA is the fastest, since conversions occur auto- 
matically and data updates into memory are transparent to the 
processor. DMA logic is very processor-dependent and requires 
specialized dedicated hardware. 
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. LSB MSB y 

8-BIT BUS 


Figure 10. General Counter Scheme 8-Bit Bus 


Memory-mapped and accumulator I/O are more often used and 
easier to implement. Accumulator I/O uses a distinct set of 
control signals which, combined with the address bus, define a 
totally separate I/O address space. The architecture is simple 
from a hardware standpoint, since address decoding requirements 
are not severe, and distinct I/O pulses are easily located for 
system debugging. However, processors using accumulator I/O 
can generally only send data to an output device from the ac- 
cumulator. This can make for cumbersome software, since pro- 
cessor controlled transfers of I/O data to a memory location 
cannot be accomplished in a single instruction. 

Memory-mapped I/O assigns the I/O device to one or more 
locations in the logical memory space of the microprocessor. 

This technique has the advantage that the full range of memory 
reference instructions may be used to operate on the data. The 
potential disadvantages include limiting the memory space avail- 
able for program and data memory, somewhat more complex 
address decoding and more difficult isolation of device select 
pulses for system debugging. Nevertheless, many microprocessors 
offer only the memory-mapped I/O. 

CONNECTING COUNTERS FOR DIGITAL OUTPUT 

Figure 10 shows a simple circuit for converting the AD367 
pulse width output to binary digital code using the 74LS569A 
synchronous counter. This scheme is compatible with |xP systems 
using an 8-bit wide data bus structure, such as. the 6809. It is 
easily upgraded to 16-bit structures by connecting OEH to OEL 
and connecting the 16 outputs directly to the bus instead of 
together. 

Decode logic for the 6809 [xP is shown in Figure 11. 



Figure 1 1. Decode Scheme for 6809 


PIN CONFIGURATION 
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ANALOG 

DEVICES 


Complete 12-Bit A/D Converters 
with Programmable Gain 


AD368/AD369 


FEATURES 

Low Cost Data Acquisition Systems Including: 
Programmable Gain Instrumentation Amplifier 
Track-and-Hold Amplifier 
12-Bit A/D Converter 
Digitally Controlled Gains: 

AD368 Gains = 1, 8, 64, 512 
AD369 Gains = 1, 10, 100, 500 
50kHz Throughput Rate 
Small Size: 28-Pin Hermetic Double DIP 
Guaranteed No Missing Codes Over 
Specified Temperature 
True 12-Bit Linear; Error *s1/2LSB (B-Grade) 

Unipolar or Bipolar Operation 
MIL-STD-883B Screening Available 

APPLICATIONS 

Microprocessor Based Data Acquisition 
Wide Dynamic Range Measurement Systems 
Analytic and Medical Instruments 
Multichannel Systems With High/Low Level Signals 

PRODUCT DESCRIPTION 

The AD368/AD369 are low cost, wide dynamic range data 
acquisition systems which condition and subsequently convert 
an analog signal into a 12-bit digital word. They include a pro- 
grammable gain amplifier, a track-and-hold amplifier, and a 
12-bit analog-to-digital converter - all in a 28-pin dual in-line 
package. 

The digitally programmable-gain amplifier (PGA) of the AD368 
enables the user to select binary-based gains of 1, 8, 64, and 
512. These gain steps are especially useful in extending system 
dynamic range in DSP applications. The PGA of the AD369, 
with gains of 1, 10, 100, and 500, allows the user to choose full- 


AD368/AD369 FUNCTIONAL BLOCK DIAGRAM 



scale input voltage ranges of 10V, IV, lOOmV, and 20mV, 
respectively. In addition, the precision differential input of the 
PGA provides the AD368/AD369 with excellent common-mode 
rejection. 

The track-and-hold amplifier (T/H) features excellent linearity, 
low noise, and an internal hold capacitor. 

The successive approximation analog-to-digital converter (ADC) 
features true 12-bit operation, with 0.012% max nonlinearity 
(B-grade). The user can select bipolar or unipolar operation to 
digitize both ac and dc input signals. 

The AD368/AD369 provide a completely specified (industrial 
and military temperature ranges) and tested function in a space 
saving 28-pin hermetic package for system designers with cost, 
space, and time constraints. 


ORDERING GUIDE 


Model 

Monotonic Temperature Range 

10 Bits 12 Bits 

Offset Temperature 
Drift 

Units 

AD368AD 

- 25°C to + 85°C 

25 + 0.2 x G 

mV 

AD368BD 

— 25°Cto + 85°C 

10 + 0.1 x G 

mV 

AD368SD 

- 55°C to + 125°C - 55°C to + 85°C 

25 + 0.2 x G 

mV 

AD369AD 

- 25°Cto +85°C 

25 + 0.2 x G 

mV 

AD369BD 

— 25°Cto + 85°C 

10 + 0.1 x G 

mV 

AD369SD 

- 55 °C to + 125°C - 55°C to + 125°C 

25 + 0.2 x G 

mV 
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(typical @ + 25°C, V s = ± 15V, + 5V, = 6312 and R(B/P) = 3112 unless otherwise noted) 




AD368AD/SD 



AD368BD 





AD369AD/SD 



AD369BD 



Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

ANALOG INPUT 








Voltage Range, Unipolar (G = 1) 

0 


+ 10 

★ 


★ 

V 

Voltage Range, Bipolar (G = 1) 

-5 


+ 5 

★ 


★ 

V 

Common-Mode Voltage 


12 -(V D1FF xG/2) 



★ 


V 

Resistance 


10 9 



★ 


n 

Capacitance 


5 



★ 


pF 

Bias Current (I B ) 


10 

50 


★ 

25 

nA 

Ib vs. Temperature 


50 



★ 


pA/°C 

Input Offset Current (I 0 s) 


2 

20 


★ 

10 

nA 

Ios vs. Temperature 


20 



★ 


pA/°C 

Noise Current (0.1 to 10Hz) 


60 



* 


pAp-p 

Output Offset Voltage (V 0 s) 1 


5 + 0.02 xG 

25 + 0.2xG 


★ 

10 + 0.1 xG 

mV 

V 0 s vs. Temperature 


70 + 0.2 xG 

300 + 2.0 xG 


★ 

★ 

jiV/°C 

Vqs vs. Common-Mode Voltage 2 


60 + 0.5 xG 

320 + 3.2 xG 


★ 

150+ 1.5 xG 

fjt-V/V 

V 0 s vs. Supply Voltage 3 


100+l.OxG 

2300+ lOxG 


★ 

1000 + 4xG 

|xV/V 

Output Noise Voltage (rms) 








G= 1 


oc n 



* 


M-V 

O 

II 

00 

© 


260 



* 


M-V 

G = 64, 100 


340 



★ 


M-V 

G = 512, 500 


600 



★ 


M-V 

DIGITAL INPUTS 4 








v IH 

3.0 


Vcc 

★ 


★ 

V 

Vil 

0.0 


0.8 

★ 


★ 

V 

IlHjIlL 


0.01 

1.0 


★ 

★ 

fxA 

C/S Pulse Width 

50 



★ 



ns 

DIGITAL OUTPUTS, 12-BIT PARALLEL 








Voh @ I oh = ~ 40jxA 

3.6 

5.0 


* 

* 


V 

Vol@Iol= 1.6mA 


0.2 

0.4 


★ 

★ 

V 

SIGNAL DYNAMICS 








Conversion Time (to) 


12 

15 


★ 

★ 

p.s 

to vs. Temperature 


-10 



★ 


ns/°C 

System Throughput Rate 5 








G= 1, 8, 10 



50 



* 

kHz 

G = 64, 100 



50 



★ 

kHz 

G = 512, 500 



20 



★ 

kHz 

Gain Switching Time 


1.5 

2.0 


★ 

★ 

|XS 

PGA Settling Time (to 1/2LSB) 








G= 1, 8, 10 


8 

10 


★ 

★ 

|AS 

G = 64, 100 


12 

15 


★ 

★ 

|XS 

G = 512, 500 


40 

50 


* 

★ 

|AS 

Amplifier - 3dB Bandwidth 








G= 1 


1000 



★ 


kHz 

G = 8, 10 


400 



★ 


kHz 

G = 64, 100 


150 



★ 


kHz 

G = 512, 500 


40 



★ 


kHz 

T/H Acquisition Time (t A cQ to 1/2LSB) 



3 



★ 

|XS 

T/H Aperture Delay Time (tAp) 


140 

250 


★ 

* 

ns 

tAp vs. Temperature 


-0.3 



★ 


ns/°C 

Aperture Jitter 


1 



★ 


ns 

ACCURACY 








Integral Nonlinearity 


0.30 

0.75 


* 

0.5 

LSB 

Differential Nonlinearity (DNL) 6 


0.30 

0.90 


* 

0.5 

LSB 

Gain Error @ G = 1 


0.05 

0.5 


★ 

0.2 

% 

@ Other Gains Referred to G = 1 7 


0.01 

0.1 


★ 

0.05 

% 

Gain vs. Temperature @ G = 1 


3 

30 


★ 

★ 

ppm/°C 

@ Other Gains Referred to G = 1 


3 

10 


★ 

* 

ppm/°C 

Gain vs. Supply Voltage 








V P ± 10% 


10 

30 


★ 

k 

ppm/% 

V N ± 10% 


5 

30 


■k 

k 

ppm/% 

© 

+1 

> 8 


5 

15 


k 

k 

ppm/% 
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AD368/AD369 




AD368AD/SD 



AD368BD 





AD369AD/SD 



AD369BD 



Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

MONOTONIC TEMPERATURE RANGE 








12 Bits 

-25 


+ 85 

-25 


+ 85 

°C 


- 55 (S Grade) 

+ 85 (S Grade) 




°C 

10 Bits 

- 55 (S Grade) 

+ 125 (S Grade) 




°c 

REFERENCE 








Voltage (V REF ) 

6.28 

6.30 

6.32 

★ 

★ 

★ 

V 

VrefVS. Temperature 



20 



★ 

ppm/°C 

Internal Resistance 


2 



★ 


H 

External Load 



0.5 



★ 

mA 

POWER REQUIREMENTS 








Positive Supply Range 

+ 13.5 

15 

16.5 

★ 

★ 

★ 

V 

Negative Supply Range 

-13.5 

-15 

-16.5 

★ 

★ 

* 

V 

Logic Supply Range 

4.5 

5.0 

5.5 

★ 

★ 

★ 

V 

Supply Current, V IN = 10V, f c = 50kHz 








+ 15V 


15 

20 


★ 

★ 

mA 

-15V 


30 

40 

★ 

★ 


mA 

+ 5V 


20 

35 


★ 

★ 

mA 

Power Consumption 


775 

i 


★ 


mW 

THERMAL RESISTANCE (J-A) 

25 

★ 

°C/W 

PACKAGE OPTION 8 








DH-28A 


AD368AD/SD 



AD368BD 




AD369AD/SD 



AD369BD 



NOTES 

*Same specifications as A Grade. 

1 Offset voltage applies to both bipolar and unipolar operating modes. 

2 v cm = ± iov. 

3 V S = ± 10%. 

4 For digital inputs, pull-up resistors needed (typ 5kfl) when interfacing with TTL/DTL logic. 

5 Assumes pipelining, i.e. , signal is inputted to I. A. when T/H goes into hold mode, allowing voltage 
to settle concurrently with A/D conversion (see timing diagram), 
includes T/H droop rate. 

7 This is gain error (% FS) after error at G = 1 is cancelled by adjustment. Without adjustment, total error becomes: 

E (Total) = E(G=1) + E(G = 8/10, 64/100, or 5 12/500). 

8 See Section 14 for package outline information. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Min 

Max 

Units 

Positive Supply, Vp 

-0.3 

+ 17 

V 

Negative Supply, V N 

+ 0.3 

-17 

V 

Digital-to-Analog Ground 

-1 

+ 1 

V 

Logic Supply 

-0.3 

+ 7 

V 

Analog Input (Either) 

V N 

v P 

V 

Analog Input Current 

-10 

+ 10 

mA 

Lead Soldering, 10 sec 


+ 300 

°C 

Storage Temperature 

-65 

+ 150 

°C 
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LOGIC OUTPUTS TYPICAL PERFORMANCE GRAPHS 



0 2 4 6 8 10 12 14 16 18 20 

OUTPUT SINK CURRENT- mA 


Logic Low Level Output Voltage vs. Sink Current 



0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 


OUTPUT SOURCE CURRENT - mA 


Logic High Level Output Voltage vs. Source Current 



0 2 4 6 8 10 12 14 16 18 20 

OUTPUT SINK CURRENT- mA 

Logic Low Level Output Voltage vs. Sink Current 



0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 

OUTPUT SOURCE CURRENT - mA 


Logic High Level Output Voltage vs. Source Current 


AMPLIFIER LARGE SIGNAL RESPONSE 



lOfis/DIV. 

AD369 Input Stage Output Voltage 



lO^s/DIV. 

AD369 Input Stage Settling Time 


9-22 DATA ACQUISITION SUBSYSTEMS 





Theory of Operation - AD368/AD369 


ANALOG INPUT 

An analog multiplexer and resistor network form the gain switching 
circuit of the PGA. As shown in Table I, the user selects a gain 
according to the state of binary address inputs GO and Gl. 

Also shown in the table is the input range data. The full-scale 
range of the DAS is 10V, and an LSB value is 4.8|xV/4.9|xV in 
the gain 512/500 mode; therefore, the dynamic range of the 
AD368/AD369 is 126dB. 

The PGA uses a monolithic instrumentation amplifier, which is 
based on the classic three-op-amp approach. The differential 
analog input is amplified, according to gain selection, by two 
input op amps. The third amplifier, a unity gain subtractor, 
removes any common-mode signal and yields a single-ended 
output. 

DATA CONVERSION 

The track-and-hold amplifier is a monolithic device with an 
internal hold capacitor. It has an acquisition time of ^3ps. 

Input signals are digitized using a successive-approximation A/D 
converter. The rising (L to H) edge of the Convert Start pulse 
resets the internal flip-flops of the SAR. The falling (H to L) 
edge of the pulse initiates the conversion. After an aperture 
delay of 230ns, the track and hold amplifier goes into the hold 
mode, and the Status output goes High, indicating a conversion 
is in progress. Conversion time from the falling edge of the CS 


pulse is 15|xs, maximum. A low output on the Status line indicates 
that the conversion is complete. The data at the output is valid 
at least 15ns before the Status goes low (see timing diagram). 
This gives sufficient setup time so that data may be latched to 
an external register on the falling edge of the Status pulse. The 
T/H amplifier returns to the tracking mode when the Status line 
goes low. Data is valid at the output until the next falling edge 
of a C/S pulse. After a maximum of 3|xs acquisition time, a new 
C/S pulse may be issued to begin a new conversion. Timing 
diagrams are shown in Figure 1. 

Figure la shows timing when a conversion sequence has first 
begun. All functions are being performed in series. This is the 
timing for the first data conversion, assuming a new gain must 
be selected. 

The timing in Figure lb assumes conversions are progressing 
continuously. After a conversion has been initiated by the falling 
edge of the C/S pulse, a new analog signal may be inputted to 
the DAS or a new gain may be selected. The figure shows that 
if a new gain is selected, no more than 2(uis later, the new voltage 
begins settling at the PGA output. In the G = 512/500 mode, the 
determining factor for conversion speed is the amplifier settling 
time and, if necessary, the gain switching time. If the PGA gain 
is not switched, the conversion time for G = 512/500 becomes 
50jxs, maximum, and a minimum throughput rate of 20kHz can 
be achieved. 



Gain 

Code 


Gl 

0 

0 

1 

1 


GO 

0 

1 

0 

1 


Programmable 
Gain Amplifier 
Gain 

A 

Vc 

Unipolar 

nalog Input 
>ltage Range 

Bipolar 

1 

0 +10V 

-5V +5V 

8,10 

0 + 1.25V, + IV 

-0.625V, -0.5V + 0.625V, +0.5V 

64, 100 

0 + 156mV, 4- lOOmV 

- 78mV, - 50mV + 78mV, + 50mV 

512,500 

0 + 19.5mV, +20mV 

— 9.75mV, - lOmV + 9.75mV, + lOmV 


One Least 
Significant Bit 
(LSB) Value 


2.44mV 

0.31mV, 0.24mV 

38|xV,24|xV 

4.8|xV,4.9|xV 


Table I. Input Voltage Range Selection 
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Using the AD368/AD369 

CALIBRATING THE AD368/AD369 WITH TRIMPOTS 

This is a calibration procedure which is implemented with 
potentiometers, resistors, and LEDs. The hardware can be 
incorporated on the board which utilizes the AD368/AD369 for 
convenient field calibration. 

The ideal transfer function of the AD368/AD369 in Figure 2 
shows that the output code steps up from all ones to all zeros as 
the analog input voltage increases from the minus full scale limit 
to the plus full scale limit. The purpose of the calibration is to 
put the first and last bit transitions where they belong; 1LSB 
above -FS and 1LSB below +FS respectively. 

The transfer function shows that for each output code there is 
an associated quantization uncertainty of 1LSB. For a given 
code, there is an LSB wide range of possible analog input voltages. 
Only at the transition point between two adjacent codes is there 
a precise correlation between input voltage and digital output. 
This circumstance must be utilized in the calibration or the 
accuracy may be off by ± 1/2LSB. 

In reality, due to noise on the analog input, the transitions do 
not occur as sharply as illustrated in the figure. When changing 
codes, the output will toggle constantly while moving from one 
value to the next. The desired transition point is obtained when 
50% of the time the output is above this point and 50% of the 
time the output is below it. This transition point may be observed 
on an oscilloscope. Another way to measure this 50% duty cycle 
is by using a light emitting diode (LED) as shown in Figure 3. 
The duty cycle is approximately 50% when the LED is about 
halfway between minimum and maximum brightness. 



Figure 2. AD368/AD369 Transfer Function 



Figure 3. AD368/AD369 in the Unipolar Mode with RTI 

V Q Sf FtTO V 0 s and Span Trimpots 

Calibration steps for input stage offset voltage (Vos) 

cancellation: 

1 . Connect the inputs to analog ground. 

2. Set G = 512/500 and turn R RT i all the way clockwise (CW). 
This shifts the transfer function to the right, causing the 
output code to be all ones. The LED will light up. 

3. Now turn Rrti counterclockwise (CCW) until the LED dims 
to half brightness. The first transition is now positioned at 
the V IN = 0 line. 

4. Switch to G = 1 and turn Rrto all the way CW. This will 
cause the output code to be all ones again. 

5. Turn Rrto CCW until the LED dims; the first transition is 
at 0V again. 

6. Switch the gain to G = 512/500, turn R rti CW just enough to 
assure an all ones code, then turn it CCW until the LED 
dims to half brightness. 

7. Switch the gain back to one, turn Rrto CW enough to assure 
an all ones code, then turn it CCW until the LED dims. 

8. Repeat steps 5 and 6 until the LED brightness does not 
change when switching between G = 1 and G = 512/500. The 
input stage offset voltage is now zero. 

Calibration steps for the output stage offset voltage (Vos) 

cancellation: 

1. Connect the inputs to a 2.44mV supply, as in Figure 4. 

2. Set G= 1, turn Rrto all the way CW, assuring an all ones 
output and lighting the LED. 

3. Turn Rrto CCW until the LED dims to half brightness. 

The first transition is now 1LSB above 0V. 


UNIPOLAR MODE CALIBRATION 

Figure 3 shows the AD368/AD369 in the unipolar mode of 
operation, with calibration hardware connected. The calibration 
begins with cancellation of the input stage offset by applying 0V 
to the input and manipulating R RT i and Rrto until the first 
transition occurs exactly at 0V, regardless of the amplifier gain. 
The next step in the calibration is to cancel the output stage 
offset by adjusting Rrto to put the first transition at the proper 
input voltage of + 1LSB. Finally, Rspan is adjusted and the last 
bit transition is put 1LSB below +FS. 



Figure 4. Input Connection for the Rrto Calibration 
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Calibration steps for Gain Error (SPAN) cancellation: 

1. Apply a precise 10V-2.44mV across the input of the AD368/ 
AD369. A voltage divider as shown in Figure 5 can be employed; 
in conjunction with a precision voltmeter to verify an input 
of 9.997,56V. 

2. Set G= 1, turn Rspan all the way CCW, assuring an output 
of all zeros. 

3. Turn Rspan CW until the LED begins to light up (about 
half-brightness). At this point the last transition will be at 
+ FS-1LSB. 

The calibration in the unipolar mode is now complete. 



Figure 5. Input Connection for the Rspan Calibration 



Figure 6. AD368/AD369 in the Bipolar Mode with Offset 
and Gain Trimpots 


Using the AD36S/AP369 

BIPOLAR MODE CALIBRATION 

The AD368/AD369, with calibration hardware, are shown in 
Figure 6 for operation in the bipolar mode. The adjustments 
begin, as in the unipolar case, with the input stage V 0 s cancellation. 
In this case however, the calibration is different because the OV 
point is now at mid-scale; the MSB is used instead of the LSB. 
Next in the calibration is to adjust Rrto and put the first LSB 
transition at an input voltage of - 5V + 1LSB. Last is the Rspan 
adjust to put the last bit transition 1LSB below + 5V. 

Input stage V 0 s cancellation steps: 

1 . Connect the inputs to analog ground. 

2. Select G = 512/500 and turn R RT i until the MSB LED is at 
half-brightness. 

3. Switch to G = 1 and adjust Rrto until the LED is again at 
half-brightness. 

4. Repeat steps 2. and 3. until the LED brightness does not 
change when gains are switched. This indicates that the 
input stage V O s = 0V. 

Output stage V 0 s cancellation steps: 

1. Set G= 1. 

2. Connect the plus input to ground and the minus input to 
4.997,56 volts using a voltage divider such as in Figure 7. 

3. Turn Rrto completely CW to assure an output code of all 
ones. 

4. Now turn Rrto CCW until the LSB LED dims to half- 
brightness. The first transition is now 1LSB above -FS. 



Figure 7. Voltage Divider to Derive RTO V os and Span 
Calibration Voltage 

Gain Error cancellation steps: 

1. Set G= 1. 

2. Now connect the plus input to 4.997,56 Volts and the minus 
input to analog ground. 

3. Turn R S pan completely CCW to assure an output code of all 
zeros. 

4. Now turn Rspan CW until the LSB LED begins to light up. 
At this point the last bit transition will be at +FS - 1LSB. 

Calibration in the bipolar mode is now complete. 
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CALIBRATING THE AD368/AD369 WITHOUT 
TRIMPOTS 

Figure 8 shows the AD368/AD369 in the unipolar mode with 
calibration hardware consisting of a Quad 8-Bit D/A Converter 
(AD7226) circuit instead of the previous trimpot configuration. 
The calibration procedure is basically the same as before except 
that instead of adjusting the potentiometers, three DACs are 
used to correct for offsets and gain error. Bipolar calibration 
may be accomplished by referring to Figure 6. 

This calibration routine has some excellent benefits in addition 
to the elimination of potentiometers. Dipswitches may be used 
initially to set the 8-bit word values needed for each connection; 
however, after the word values are determined, this data 
may be stored into a memory (i.e., RAM) for auto-calibration 
in the field. The entire calibration may be accomplished 
under microprocessor control. Temperature offsets may be 
cancelled by using a temperature sensor in conjunction with 
a microprocessor. 


+ 15V 



Circuit Replacing Trimpots 

INPUT PROTECTION 

There are two considerations when applying input protection for 
the PGA: 1) that maximum input current must be limited to 
less than 20mA and 2) that input voltages must not exceed the 
supplies. Outside the linear operating range, the input impedance 
of the AD368/AD369 becomes low and nonlinear due to the 
input transistors going into saturation. The graph in Figure 9 
illustrates the input current vs. differential input voltage re- 
lationship without input protection. 

Resistors of lkH in series with each input would keep the currents 
within safe limits for input voltages in the range of V P = + 15V 
to V N = “ 15V. Figure 10 shows the external components necessary 
to protect the AD368/AD369 under all overload conditions at 
any gain. The diodes to the supplies are necessary if input voltages 
outside of the range of the supplies are encountered. 



-16 -12 -8 -4 0 4 8 12 16 

DIFFERENTIAL INPUT VOLTAGE - V 


Figure 9. Input Current vs. Differential Input Voltage 
Without Input Protection 


Vp = + 15V 



Figure 10. Input Protection Circuit for AD368/AD369 

The equivalent noise resistance of the AD368/AD369 input 
stage is only lkft. Input protection resistors, however, will 
quickly degrade this excellent noise performance. To reduce the 
noise encountered with added resistors, FETs may be used to 
limit the input current. FETs, such as the 2N4416, with low 
Idss and low on-resistance should be used. Figure 1 1 shows the 
protection circuit and Figure 12 shows the input current vs. the 
differential input voltage with the FET protection circuit. The 
20kG resistor is put in series with the gate to limit the “reverse” 
Idss current and does not add to the noise. 

The above input protection circuits also protect the AD368/AD369 
in case there is a voltage applied to the input while the supplies 
are shut off. 


v P 



Figure 1 1. Low Noise Input Protection Circuit for AD368/ 
AD369 
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Using the AD368/AD369 


If using multiplexers, proper device selection can provide AD368/ 
AD369 input protection. Some MUXes limit the maximum 
current as well as the maximum output voltage to safe levels. 
Keep in mind that the on resistance of the MUX will add to the 
input stage noise. 
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Figure 12. AD625 Input Protection with 2N4416 FETs and 
FD333 Clamping Diodes 

GROUND RETURNS FOR INPUT BIAS CURRENTS 

There must be a direct return path for the input bias currents 
of the PGA input transistors; otherwise, they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying floating input sources such as trans- 
formers, or ac-coupled sources, there must be a dc path from 
each input to ground as shown in Figure 13. 




Figure 13a. Ground Returns for Bias Currents with 
Transformer Coupled Input 
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GROUND CONNECTIONS 

The digital and analog ground pins of the AD368/AD369 should 
be tied together as close to the package as possible to avoid 
noise coupling from the digital ground to the analog circuit. 
When an application calls for separate grounding entirely, a 
0.1 (xF capacitor should be connected between the AGND and 
DGND pins to filter out any noise. 

POWER SUPPLY DECOUPLING 

Each of the AD368/AD369 supply terminals should be capacitively 
decoupled as close to the IC as possible. A lp,F in parallel with 
a 0.1 p,F capacitor is usually sufficient. Analog supplies are 
decoupled to the analog ground pin and the Logic supply is 
decoupled to the digital ground pin. 

TRACK-AND-HOLD ERRORS 

The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be timed out by advancing the track-to-hold 
command with respect to the input signal. 

Unlike the aperture delay time, aperture jitter is a true error 
source and must be considered. Aperture jitter is a result of 
noise within the switching network. It causes variations in the 
value of the analog input being held. The aperture error which 
results from this jitter is directly related to the dV/dT of the 
analog input and may limit the signal bandwidth. The aperture 
jitter of the T/H in the AD368/AD369, however, is small enough 
that the instrumentation amplifier will limit the signal frequency 
well below the frequency at which the jitter error would be of 
concern. 

Droop rate is the change in output voltage per unit of time 
while in the hold mode. Hold mode droop originates as leakage 
from the hold capacitor, of which the major contributors are 
switch leakage current and bias current. This dVotrr/dT is 
equal to the ratio of the total leakage current, Ii to the hold 
capacitance, C H . The droop rate of the T/H in the AD368/AD369 
is included in the differential nonlinearity specification. 

COMMON-MODE REJECTION 

Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change. Care should be taken to assure that both input lines are 
balanced with regard to parasitic capacitances and source resis- 
tances; otherwise, the excellent common-mode rejection of the 
AD368/AD369 will be degraded. 

ERRORS DUE TO BANDWIDTH LIMITATIONS OF 
THE AD368/AD369 

When using the AD368/AD369 to digitize sine-wave signals, it 
is important to know the frequency at which the system response 
roll-off will cause an error of 1/2LSB. 

The ratio of output to input voltage for the instrumentation 
amplifier of the AD368/AD369 is: 

| Vc/Vi | = G/ 1 (1+jf/fa) I = G/[l+(f/f a ) 2 ] 0 5 
where f a equals the - 3dB bandwidth and a single-pole roll-off 
is assumed. 


Figure 13b. Ground Returns for Bias Currents with ac It can be shown that the Vo/Vi ratio will have an error of 1/2LSB 
Coupled Inputs for a 12-bit A/D converter when: 

f(l/2LSB) = f a /VP) = f a /64. 
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The instrumentation amplifier will have reached the limit of 
12-bit precision for signal frequencies of f a /64. The frequency 
can be doubled at the expense of two bits of accuracy. 

The frequency at which the amplitude of a 10V p-p sine wave 
is reduced by one half of an LSB is typically 10kHz, 

3.5kHz, 1.7kHz, and 0.5kHz at gains of 1, 10, 100, and 500 
respectively. 

NOISE CONSIDERATIONS 

Assuming normally distributed or white noise, the rms noise 
voltage E„ of a system is a function of its noise bandwidth BWn. 
The correlation between - 3dB bandwidth (BW) and BW N is 
dependant upon the frequency response of the system under 
consideration. 1 For a 6dB/octave filter, the ratio is ir/2 = 1.57. 
For a “br ick wa ll” filter it is one. The noise correlation is simply: 
E n = e N VBW N , where e N is the noise density (nV/VHz). 

The noise of the input signal must also be added to the noise of 
the DAS. Again, in calculating the rms noise contribution of the 
signal, the BW N of the source must be considered. If not filter 
limited before the AD368/AD369 input, the BW N of the PGA, 
as stated above, must be used, which is about 'jt/ 2 times its 
- 3dB bandwidth. 

Input protection resistors will also contribute to the total system 
noise. The rms noise voltage of a lkH resistor over a noise band- 
width of 1Hz is 4nV. So, the noise voltage of a resi stor, R(kfl ) 
and a noise bandwidth, BW N (Hz) is: E N (R) = 4nVVR x BW N . 

The total system rms noise is given by the equation: 

E N (system) =VE N (AD369) J + [G x E N (R IN )]- ! + [Gx E N (sig)] 2 

Once the system rms noise value is known, the probability of 
the peak-to-peak value of the noise exceeding an LSB is given 
in Table II. 


OTHER CONSIDERATIONS 

One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a voltage 
known as the “Seebeck” or thermocouple emf is generated 
when the two junctions are at different temperatures. Standard 
IC lead material (kovar) and copper form a thermocouple with a 
high thermoelectric potential (about 35p,V/°C). This means that 
care must be taken to insure that all connections in the input 
circuit of the AD368/AD369 remain isothermal. In addition, the 
user should also avoid air currents over the circuitry since slowly 
fluctuating thermocouple voltages will appear as “flicker” noise. 

The base emitter junction of an input transistor can rectify out- 
of-band signals (i.e., RF interference). These rectified voltages 
act as small dc offset errors. In the case of a resistive transducer, 
a small capacitor (e.g. 150pF) across the input working against 
the internal resistance of the transducer may suffice to provide 
an RC filter without affecting system bandwidth. Again, every 
effort should be made to match the capacitance at Pins 1 and 2, 
to preserve CMR. 


lsb/e n 

Probability of Noise 
Exceeding 1LSB 

1.0 

62.0% 

2.0 

32.0% 

3.0 

13.0% 

4.0 

4.6% 

5.0 

1.2% 

5.15 

1.0% 

6.0 

0.27% 

6.6 

0.10% 


Table II. 


‘See “Low Noise Electronic Design,” by C. D. Motchenbacher, 
F. C. Fitchen. 
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ANALOG 

DEVICES 


18-Bit Floating Point 
Data Acquisition System 


ADI 330 


FEATURES 

18-Bit Dynamic Range 
12-Bit Significance 
6-Bit Normalization 
100 kHz Conversion Rate 
Sample-and-Hold Included 
Status Word 

APPLICATIONS 
Sonar Signal Processing 
Vibration Analysis 
PC Data Acquisition 
Medical Instrumentation 
General Purpose DSP 


AD1330 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD 1330 is an 18-bit Floating Point Data Acquisition Sys- 
tem. The device will digitize signals up to 50 kHz, at conversion 
rates up to 100 kHz. The output word format consists of an 18- 
bit word expressed as a 12-bit 2s complement significand and a 
6-bit normalization term. The device offers 12-bits of resolution 
and 18-bits of dynamic range. 

The AD 1330 incorporates all of the necessary circuitry to 
acquire, hold and digitize the input signal, and output a digital 
representation. A complete AD 1330 consists of two hybrids, one 
a 32-pin and the other a 48-pin. The 32-pin hybrid contains the 
“front end” or Analog Input Section (AIS), while the 48-pin 
package contains the “back-end” or Conversion & Control 
Section (CCS). § v & 

The analog input section consists of: differential amplifier, 
sample-and-hold and programmable gain amplifier. The differ- 
ential amplifier and sample-and-hold have been optimized for 
low noise, low harmonic distortion and wide dynamic range. 

The differential amplifier provides optional ground sensing. 
Ground sensing is enabled by connecting the sense input to ana- 
log ground at the signal source. In addition, the user may select 
whether to bypass the differential amplifier since the input and 
output connections are made available at the package pins. 
Operation of the sample-and-hold is via the SHA1H-L and 
SHA1S-L signals which are internally generated by the control 
logic. The SHA is compensated for droop, distortion and feed- 
through. The PGA incorporates an auto-zero loop to remove dc 
offsets. The auto-zero loop is enabled by connecting the auto- 
zero out to PGA in. All control signals to the PGA-AUTOZ-L, 
SHORT-L and GAIN-L through GAIN64-L are generated by 
the control logic. 


The CCS contains a 7-bit flash ADC, a second SHA, 12-bit 
ADC, control logic and bus interface logic. The flash ADC gen- 
erates the first conversion product (normalization constant) 
which in turn is used to set the gain of the PGA. The SHA is 
used to pipeline the analog input and to hold it for conversion 
by the successive approximation 12-bit ADC. The congrol logic 
generates all of the required timing and control signals to the 
AIS and CCS. The bus interface circuitry (BI) provides a high 
speed interface to a 16-bit data bus. The AD 1330 generates an 
interrupt signal which may be used to initiate a read cycle. 
Reading of output data clears the interrupt; otherwise the inter- 
rupt is automatically cleared and output data is updated after 
4.8 microseconds. 

On each conversion cycle there are three output words available 
from the AD 1330. The first two contain the ADC and normal- 
ization outputs; the third contains the status world. A complete 
result is obtained by multiplying (or scaling) the ADC result by 
the normalization constant. 

The AD 1330 has four operating modes: auto gain, fixed gain, 
forced gain and autocalibrate. In auto gain mode the PGA gain 
is set during each conversion cycle according to the result from 
the flash ADC. This process maximizes the amplitude of the 
signal presented to the 12-bit ADC thereby optimizing the reso- 
lution and accuracy of the conversion process. The fixed gain 
mode holds the last gain setting and inhibits any further updates 
to the PGA. The forced gain mode allows the user to set a spe- 
cific gain via the data bus. In autocalibrate, the AD 1330 corrects 
for any offset voltages in the second SHA and 12-bit ADC. 

Mode selection should be made immediately after reading the 
previous result. Changing modes before readback may overwrite 
the output data and is not recommended. Autocalibrate takes 10 
microseconds, and one such cycle is initiated on powerup and at 
any time RST-L is asserted. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG Complete 12-Bit Sampling A/D Converter 
DEVICES for Digital Signal Processing 


ADI 332 


FEATURES 

Complete A/D System for DSP Includes: 

4th Order Antialiasing Filter 
12-Bit Sampling A/D Converter 
32-Word FIFO Memory 

Fully Asynchronous, High Speed Digital Interface 
Sample Rate up to 125kHz 
Entire System is Dynamically Specified 
15ns Data Access Time Allows "No Wait State" 
Interface to: ADSP-2100 (A), TMS320C25 
DSP56000, NECpPD77230 

APPLICATIONS 
Sonar Signal Processing 
Vibration Analysis 
Ultrasound Imaging 
PC Data Acquisition 
High Speed Modems 
Motion Control 
Speech Processing 


AD 13 32 FUNCTIONAL BLOCK DIAGRAM 


FILTER -5Vdc 

SELECT REF OUT 



PRODUCT DESCRIPTION 

The AD 1332 is a complete, 12-bit A/D converter system optimized 
for use in high speed digital signal processing (DSP) applications. 
The device consists of a fourth order antialiasing filter, a 12-bit 
sampling A/D, a fully asynchronous high speed digital interface 
and a 32-word FIFO memory. The AD 1332 is manufactured 
using highly reliable advanced hybrid circuit assembly techniques 
and is packaged in a 40-pin hermetic DIP. 

The antialiasing filter is an active four-pole Butterworth. Cut-off 
frequencies (f c ) are user-selectable (capacitor programmable), 
and operation is specified for f c up to 50kHz. The filter may be 
bypassed entirely if desired. 

The 12-bit sampling A/D converter can convert ±5V full-scale 
signals at sample rates up to 125kHz. The rate is programmable 
by means of a single external clock. The entire converter system 
is specified and tested for signal-to-noise ratio and total harmonic 
distortion. 


The digital interface provides a true asynchronous link between 
the A/D and a high speed microprocessor. Data transfer is con- 
trolled by generating an interrupt signal when data is available. 
Interrupts can be generated when the FIFO is full (32 words), 
half-full (16 words), or when a single word of data is ready 
(FIFO bypassed). In addition, the AD 1332 can generate an 
interrupt signal when the A/D conversion results are overrange. 

The ADI 332 provides a completely specified and tested system 
that bridges the interface and specification gap between A/D 
converters and high speed DSP. 
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(T a = +25°C, V s = ± 15V, V DD = + 5V, unless otherwise noted) 


Parameter 

AD1332BD 

Min Typ Max 

Units 

FILTER (Cl -C4 = 500pF ± 1%) 



Input Impedance 

8 10 

ka 

Voltage Range 

±10 

V 

Output Voltage Range R L ^4k 

±10 

V 

Corner Frequency, Accuracy 

±2 

% 

Drift 

±0.01 

%/°c 

Gain 1 ® dc 

-0.05 +0.05 

dB 

0.8f c 

-1 +1 

dB 

fc 

-3 

dB 

4f c 

-48 -45 

dB 

10f c 

-76 

dB 

SettlingTimetoO.01%, 10V Step 

100 125 

|JLS 

Offset 

±2 ±5 

mV 

Drift 

±20 ±100 

|xV/°C 

Noise 

75 

IxVrms 

SAMPLING A/D CONVERTER 2 



Input Impedance 

4 5 

kO 

Voltage Range 

— 5 to +5 

V 

Output Coding 

Offset Binary 


CLK IN Frequency 

0.5 2.5 

MHz 

High Time 

200 

ns 

Low Time 

200 

ns 

Sampling Rate (f s ) 

125 

kHz 

S/H 



Acquisition Time 

2.8 

fJLS 

Droop Rate 

0.5 1.0 

mV/ms 

Over Temperature 

Doubles Every 10°C 


Aperture Delay Time 

35 

ns 

Static Characteristics 



Integral Nonlinearity 

±1/2 ±1 

LSB 

Over Temperature 

±1 

LSB 

Resolution for No Missing Codes 

12 

Bits 

Over T emperature 

12 

Bits 

- Full-Scale Error 

±1 ±2 

LSB 

Over Temperature 

±2 ±8 

LSB 

4- Full-Scale Error 

±1 ±2 

LSB 

Over Temperature 

±2 ±8 

LSB 

PSRR, ±V S 

±2 ±6 

LSB 

Dynamic Characteristics 1 ,3 



With Filter (f c = 50kHz) 



Signal-to-Noise Ratio, fi N = 38.7kHz 

70 72 

dB 

Total Harmonic Distortion, f IN = 38.7kHz 

-82 -72 

dB 

Intermodulation Distortion, fi N i = 32.8kHz 



&f IN2 = 34.3kHz 

-82 -72 

dB 

Without Filter 



Signal-to-Noise Ratio, f IN = 60.9kHz 

70 72 

dB 

Total Harmonic Distortion, fi N = 60.9kHz 

-78 -68 

dB 

Intermodulation Distortion, f IN1 = 58.7kHz 



& fiN 2 = 60.9kHz 

-78 -68 

dB 

Reference Voltage 

-5.05 -4.95 

V 

Output Current 

±1 ±2 

mA 

Drift 

±5 ±25 

ppm/°C 
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ADI 332 


Parameter 

AD1332BD 

Min Typ Max 

Units 

DIGITAL INPUTS' 



RD, WR, CS, RST, AO, 



DO- D 1 1 , PTC ENB 



Input Voltage, Logic Low 

+ 0.8 

V 

Input Voltage, Logic High 

+ 2.0 

V 

Input Current 

±200 

|xA 

SAMPLE IN, CLK IN 



Input Voltage, Logic Low 

+ 1.5 

V 

Input Voltage, Logic High 

+ 3.5 

V 

Input Current 

±10 

p,A 

Input Capacitance 

5 

pF 

RST LOW Pulse Width 

10 

ns 

DIGITAL OUTPUTS' 



D0-D11, SAMPLE OUT 



Output Voltage, Logic Low, Iql = 4mA 

+ 0.4 

V 

Output Voltage, Logic High 

I 


D0-Dll,I OH =-4mA 

+ 2.4 

V 

SAMPLE OUT, I OH = -0.4mA 

+ 4.0 


High Impedance Leakage Current 

±10 

|xA 

IRQ, PTC ENB 



Output Voltage, Logic Low Iol = 4mA 

+ 0.4 

V 

Off-State Leakage 

±10 

jxA 

Output Capacitance 

5 

pF 

IRQ LOW to D0-D1 1 Valid 4 

0 

ns 

POWER REQUIREMENTS 



Operating Range 



±V S 

±11.4 ±15.75 

V 

Vdd 

+ 4.75 +5.25 

V 

+ Vs Supply Current 

47 66 

mA 

- Vs Supply Current 

46 65 

mA 

+ Vdd Supply Current 

2 5 

mA 

Consumption 



±V S = ± 12V 

1.2 1.4 

W 

> 

+1 

li 

C /5 

> 

+1 

1.5 1.75 

W 

TEMPERATURE RANGE 



Operating and Specified 

-40 +85 

°C 

Storage 

-65 +150 

°C 


NOTES 

'Guaranteed over operating temperature range, tested at 4- 25°C onl^. 

2 f CLK = 2.5MHz, SAMPLE IN connected to SAMPLE OUT, PTC ENB = Low. 
3 THD of harmonics 2-7 of the fund amental. SNR of fundamental less harmonics 2-7. 
4 RD, CS, AO = “Low;” WR, RST = “High. ” 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units. 

All other specifications are guaranteed but not tested. 
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SWITCHING CHARACTERISTICS 


(over operating temperature and power supply voltage range, 
with C QUT = 30pF or IQOpF except where noted) 


Parameter 

Description 

Conditions 

Min Max 

Units 

READ CYCLE 





*RC 

Read Cycle Time 

Gout = 30pF 

25 

ns 



Cout = 100pF 

35 

ns 


Data Access Time 

Cout = 30pF 

15 

ns 



Cout = 100pF 

25 

ns 



Cout = 150pF 

30 

ns 

tLZ 

Output Low Z Time 


2 

ns 

*HZ 

Output High Z Time 

Cout = 30pF 

15 

ns 



Cout = 100pF 

25 

ns 

tOH 

Output Hold Time 


2 

ns 

tAORD 

A0 Valid to RD LOW 


3 

ns 

tRDAO 

RD HIGH to A0 Invalid 


3 

ns 

tAOCS 

A0 Valid to CS LOW 


3 

ns 

tcSAO 

CS HIGH to A0 Invalid 


O 

ns 

WRITE CYCLE 





twc 

Write Cycle Time 


15 

ns 

twp 

Write Pulse Width 


5 

ns 

tsu 

Data Setup Time 


2 

ns 

tlH 

Input Hold Time 


3 

ns 

*AOWR 

A0 Valid to WR LOW 


3 

ns 

tWRAO 

WR HIGH to A0 Invalid 


3 

ns 

Uocs 

A0 Valid to CS LOW 


3 

ns 

tcSAO 

CS HIGH to A0 Invalid 


3 

ns 


NOTE 


Specifications subject to change without notice. 
Specifications are guaranteed but not tested. 


ABSOLUTE MAXIMUM RATINGS* 


+ V s to APWR/ASIG GND + 17V 

- V s to APWR/ASIG GND - 17V 

V DD to DGND +7V 

APWR/ASIG GND to DGND - 0.3V to + 0.3V 

Analog Input to APWR/ASIG GND 

S/H IN, FILTER IN, Clvg-C4vg - V s to + V s 

Digital Input to APWR GND 

SAMPLE IN, CLK IN -0.3V to + 7V 

Digital Inp ut to DGN D 
D0-D1 1 JRD, WR, CS, AO, RST, 

PTCENB -0.3V to V DD + 0.3V 


Output Short Circuit Duration 

FILTER OUT, REF OUT or Clwv-C4wv .... Indefinite 

Digital Output 1 Output for lsec 

Lead Temperature Range, 

Soldering for lOsec + 300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING GUIDE 



Temperature 

Package 

Model 

Range 

Option* 

AD1332BD 

-40°Cto+85°C 

DH-40A 

AD1332TD/883B 

-55°Cto + 125°C 

DH-40A 


*See Section 14 for package outline information. 
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NOTES NOTES 

CS IS VALID BEFORE OR COINCIDENT WITH RDHIGH-TO-LOW TRANSITION. CS IS VALID BEFORE OR COINCIDENT WITH WRHIGH-TO-LOW TRANSITION. 

CS IS INVALID AFTER OR COINCIDENT WITH RD LOW TO-HIGH TRANSITION. CS IS INVALID AFTER OR COINCIDENT WITH WR LOW TO HIGH TRANSITION. 

WR IS NOT ACTIVE DURING READ CYCLE. RD IS NOT ACTIVE DURING WRITE CYCLE. 

Figure la. Timing Waveform for Read Cycle No. 1 (RD Figure 2a. Timing Waveform for Write Cycle No. 7 (WR 

Controlled) Controlled) 



notes 

RD IS VALID BEFORE OR COINCIDENT WITH CS_HIGH-TO-LOW TRANSITION. 
RD IS INVALID AFTER OR COINCIDENT WITH CS LOW-TO-HIGH TRANSITION. 
WR IS NOT ACTIVE DURING READ CYCLE. 


NOTES 

WR IS VALID BEFORE OR COINCIDENT WITH CSHIGH-TO-LOW TRANSITION. mm I 

WR IS INVALID AFTER OR COINCIDENT WITH CS LOW-TO-HIGH TRANSITION. 

RD IS NOT ACTIVE DURING WRITE CYCLE. 


Figure 1b. Timing Waveform for Read Cycle No. 2 (CS Figure 2b. Timing Waveform for Write Cycle No. 2 (CS 


Controlled) 


Controlled) 


AC TEST CONDITIONS 


Input Pulse Levels 

DGNDto + 3.0V 

Input Rise/Fall Times 

<5ns 

Timing Reference Levels 


Inputs 

1.5V 

Outputs 


LOW 

0.4V 

HIGH 

2.4V 

Enabled to LOW 

V T — 0.1V 

Enabled to HIGH 

V T + 0.1V 

Disabled from LOW 

V OL +0.5V 

Disabled from HIGH 

V OH -0.5V 


V T = 1.5V, the voltage to which 3-stated outputs are forced. 
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Typical Characteristics 



Figure 4. Filter Passband Response 
Normalized to the Cutoff Frequency 


Figure 5. Filter Stopband Response 
Normalized to the Cutoff Frequency 


Figure 6. Filter Settling Time to 0.01% 
vs. Cutoff Frequency 



Figure 7. A/D SNR vs. Frequency Figure 8. A/D THD vs. Frequency 


Figure 9. Filter & A/D Spectral 
Response 




-40 0 +25 +70 +85 

TEMPERATURE - °C 



0 25 50 75 100 125 150 


CAPACITANCE - pF 


Figure 10. Normalized Data Access 
Time vs. V DD 


Figure 1 1. Normalized Data Access 
Time vs. Temperature 


Figure 12. Change in Data Access 
Time vs. Loading 
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ADI 332 


PIN CONFIGURATION 


C2 WV 

01 


40 0 

C3 WV 

C2 V q 

O 2 


39 0 

C3 V g 

C1 VG 

03 


38 0 

C4 V g 

Cl wv 

04 


37 0 

C4 WV 

FILTER IN 

O 5 


36 0 

FILTER OUT 

+v s 

O 6 


35 0 

S/H IN 

REF OUT 

0 7 

AD1332 

34 O 

-V s 

ASIGGND 

O 8 

33 0 

SAMPLE IN 

APWRGND 

O 9 

TOP VIEW 
(Not to 

32 O 

SAMPLE OUT 

PTC ENB 

0 10 

Scale) 

31 O 

CLKIN 

IRQ 

0 11 


30 O 

RST 

CS 

0 12 


29 O 

WR 

AO 

O 13 


28 O 

RD 

(MSB) D1 1 

O 14 


27 0 

DO(LSB) 

DIO 

O 15 


26 O 

D1 

D9 

O 16 


25 0 

D2 

D8 

O 17 


24 0 

D3 

D7 

0 18 


23 0 

D4 

D6 

0 19 


22 0 

D5 

DGND 

O 20 


21 0 

Voo 


PIN DESCRIPTIONS 


Pin 

Mnemonic 

Function 

3,4 

Clvg, Clwv 

Pins where 4 equal value capacitors are added to set filter corner. 

2,1 

C2vg, C2wv 

Frequency fc according to: 

39,40 

C3vg, C3wv 


38,37 

C4vg, C4wv 

f c = 25kHz + C,C in nF 

5 

FILTER IN 

Filter input. 

36 

FILTER OUT 

Filter output. 

35 

S/H IN 

Sample and hold analog input. 

8 

ASIGGND 

Analog signal ground. 

7 

REF OUT 

- 5 V reference output. 

6,34 

+ V s ,-Vs 

Analog power supplies. 

9 

APWRGND 

Analog power ground . 

31 

CLKIN 

External clock input to the A/D converter and the Periodic Timing Circuit. 

32 

SAMPLE OUT 

Periodic Timing Circuit output. Connection to SAMPLE IN sets sample rate at Iclk 20. 

33 

SAMPLE IN 

S/H and A/D converter control input. 

10 

PTC ENB 

Input and (open-drain) output used to enable periodic timing externally or through p.P interface. 

11 

IRQ 

Open drain interrupt request. User programmable to become active on any of the following 
conditions: 

One A/D conversion result available; 

FIFO half full or full; 

A/D conversion results overrange. 

12 

CS 

Chip select input. 

13 

AO 

Address bit zero. Selects data path from FIFO/latch (low) or from/to Status/Control 
register (high). 

27-22 

D0-D5 

Bidirectional 3-state data lines. D1 1 is A/D converter MSB when D0-D1 1 are outputs. 

19-14 

D6-D11 

D7 is Status/Control register MSB. 

28 

RD 

Read control input (D0-D1 1). 

29 

WR 

Write control input (D0-D7). 

30 

RST 

Reset. In reset state, FIFO is transparent & overrange detector is disabled. 

20,21 

DGND,V dd 

Digital power supply. 
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COMPONENT LIST 
U1: AD1332 

U2: CONNER-WINFIELD 
HC16R5-2MHZ 
C1-C4: lOOOpF ±5% 

C5-C7: 2.2(xF TANTALUM 
C8-C10. 0.1 jiF CERAMIC 
R1, R2: 2kO 

ANALOG „ 

INPUT 


+• 15V • 


ANALOG _ 
GROUND 


±.C6 

V 


-Ll 

-E 

-E 

-G 

s 1 

n 


I — vw— A — vw 

I R2 R1 


*4 


AD1332 

(U1I 


-ge 

-E 

-E 





-15V 
+ 5V 


RST 

WR 

RD 

DO 


D5 


DIGITAL 

GROUND 


+ 5V 


Figure 13. Typical Interface Circuit (f c = 25kHz, f s = 100kHz ) 


CONTROL AND STATUS REGISTER DESCRIPTIONS 
Control 

Bit-> 7 6 5 4 3 210 

| PTCEnI L/F ] HF/F 1 ORNG [ X | X | X | X | 


Status 

Bit- > 7 6 5 4 3 210 

| FLAG | DATA | ORUN | ORNG | X | X | X | X 


Bit Mnemonic Function 


7 PTCEN 


6 L/F 


5 HF/F 


4 ORNG 


3-0 X 


A “0” in this bit position will disable the 
periodic timing circuit. 

A “ 1” in this bit position will enable the 
periodic timing circuit. 

A “0” in this bit position will reset the FIFO 
and enable the transparent latch. IRQ will 
become active on the co mpletion of an A/D 
conversion cycle. IRQ will become inactive on 
the start of the next A/D conversion cycle. 

A “ 1” in thi s bit p osition will enable the FIFO 
and activate IRQ when the FIFO is half full or 
full (depending on CBIT 5). IRQ will become 
inactive on the start of the next A/D conversion 
cycle or when the FIFO is read from. 

A “0” in this bit position will cause IRQ to 
become active when the 16th word is shifted 
into the FIFO (if the FIFO is enabled). 

A “ 1” in this bit position will cause IRQ to 
become active when the 32nd word is shifted 
into the FIFO (if the FIFO is enabled). 

A “0” in this bit position will disable the 
overrange interrupt capability. 

A “ 1 ” in this bit position will activate IRQ 
if overranged (all “0”s or all “ 1 ”s) data is 
shifted into the FIFO. IRQ will become 
inactive when this bit is reset to “0.” 

Not defined. 


Bit 

7 

6 


5 

4 


3-0 


Mnemonic Function 

FLAG Logical OR of status Bits 4 & 6 . 

DAT A Set if IRQ becomes active because data is 

available. Reset when F IFO i s read from if 
FIFO used. Reset when IRQ becomes inactive 
if latch is used. 

ORUN Set when FIFO has overrun. 

Reset by control Bit 6. 

ORN G Set if IRQ became active because of o verrange 

condition. Reset by control Bit 4. 

X Not defined. 


9-38 DATA ACQUISITION SUBSYSTEMS 


ADI 332 


DISCUSSION 

General 

The AD 1332 is a complete solution for sampling and quantifying 
signals in the audio bandwidth and provides a direct parallel 
interface to a high speed microprocessor for digital signal 
processing (DSP). A block diagram of the AD 1332 is shown on 
page 1. 

DSP is the mathematical manipulation of dynamic signals which 
have been represented in numerical form. To successfully process 
a signal, the signal must be sampled and quantified such that 
accuracy is preserved and aliasing is avoided. The AD 1332 
provides this capability by enabling the user to coordinate its 
antialiasing filter cutoff frequency with the converter sample 
rate, completely independent from the DSP processor speed. 

Sampled Data Systems 

The process of sampling a continuous-time signal x(t) at a sample 
rate f$ causes a periodic replication in the frequency domain of 
the continuous time Fourier transform (CTFT) x(f) of the original 
signal about integer multiples of f s . If the sample rate is selected 
too low for the bandwidth of x(t), the replicated transforms will 
overlap with adjacent transforms as illustrated in Figure 14b. 
This overlap is known as frequency aliasing and will cause dis- 
tortion if the samples are used in an attempt to reconstruct the 
original time signal. 


X(f) 



Figure 14a. Original Continuous-Time Fourier Transform 
(CTFT) or x(t) 



Figure 14b. Sampling Produces Aliased Replications of 
x(f) 


X s (f) 



Figure 14c. Replications of x(f) when x(t) is Band Limited 


x s (f) 



Figure 14d. Replications of x(f) when x(t) is Over 
Sampled 


Aliasing can be avoided by limiting the bandwidth of x(t) to a 
maximum frequency F 0 with an antialiasing filter and sampling 
at f s > 2F 0 , which is known as the Nyquist criteria. In practice, 
for a fixed sample rate, the amount of aliasing that occurs can 


be reduced by attenuating interferences outside of the frequency 
bandwidth of interest as illustrated in Figure 14c. Similarly, for 
a fixed amount of attenuation outside of the frequency bandwidth 
of interest, the amount of aliasing that occurs can be reduced by 
increasing the sampling rate as illustrated in Figure 14d. 

The amount of aliasing that is acceptable in a given application 
should be less than the minimum detectable signal, which is set 
by the A/D converter signal-to-noise ratio. The amount of aliasing 
that will occur is a function of the 

(1) frequency bandwidth of interest 

(2) strength of interferences outside of (1) 

(3) filter order and 

(4) sample rate. 

The user must select (3) and (4) given a converter with a particular 
SNR to correctly sample a signal in (1) given (2). 

Quantization Effects 

For an ideal A/D converter, the noise floor is determined by the 
quantization level used in the digitization process. The signal-to- 
noise ratio (SNR) for an A/D converter is the ratio of the rms 
magnitude of the fundamental frequency to the rms sum of all 
nonharmonically related signals up to half the sampling frequency. 
SNR is therefore a figure of merit associated with a converter 
that defines the minimum detectable signal. The theoretical 
limit on SNR due to quantization noise is 

SNR max (dB) = 6.02N +1.76 

where N is the number of bits in the converter. For a 12-bit 
converter such as the AD 1332, the maximum SNR is 74dB. 

ANTIALIASING FILTER 
Features Description 

The antialiasing filter in the AD 1332 is an active 4th order 
Butterworth approximation of a low pass filter. A key feature of 
the Butterworth approximation is a maximally flat magnitude 
response. For Butterworth filters, attenuation at the cutoff fre- 
quency fc is 3dB and “rolloff’ after fc is 20dB per decade, per 
pole. Actual AD1332 filter frequency responses for 25kHz and 
50kHz cutoff frequencies are shown in Figures 15a and 15b. 

It can be shown that an LC ladder filter designed for maximum 
power transfer from the source exhibits extremely low sensitivity 
to component variations. This property of the LC filter is exploited 


REF .0 dB a MARKER 23 000-0 Hz 

10 dB/DIV RANGE .0 dBft -2-8 dB* 



Figure 15a. Filter Response, f c = 25kHz & 50kHz 
(C1-C4= 1 000 pF & Cl -C4 = 500pF) 
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Figure 15b. Filter Passband Response, f c = 25kHz & 50kHz 
( Cl-C4 = 1 000 pF @ Cl -C4 = 500pF) 


in the design of the AD 1332 antialiasing filter, which is an RC- 
active simulation of an LC “prototype.” The active components 
consist of low noise, high-speed operational amplifiers which 
enable the AD 1332 filter to maintain extremely low distortion 
and consistent response characteristics for cutoff frequencies up 
to 50kHz. The passive components are precisely trimmed thin-film 
resistors and external capacitors supplied by the user. 

Since the circuit configuration is extremely insensitive to com- 
ponent variations, tight (l%-2%) tolerance capacitors are not 
required unless the cutoff frequency must be precisely controlled. 
For example, Figure 16 compares the passband response when 
capacitors C1-C4 are lOOOpF 1% tolerance versus the response 
when one of the capacitors (C3) is 10% high (llOOpF). Note 
that no additional passband “peaking” is observable, although 
the cutoff frequency has changed approximately 5% from Figure 
15’s 25kHz to 23.75kHz. 

In contrast to switched capacitor filters, the AD 1332 filter does 
not require a clock, prefiltering nor post- filtering since it is not 
a sampled data system. 



Figure 16. Filter Passband Response, f c = 25kHz 
(C1-C4= lOOOpF & Cl, C2, C4 = lOOOpF, C3=1100pF) 


Operational Description 

Four equal value capacitors are used to select the cutoff frequency 
f C : according to the equation: 

f c: = 25kHz C 

where C is the capacitor value in nF. Good quality, low dissipation 


factor capacitors such as monolithic ceramic, metallized polycar- 
bonate or polystyrene should be used. If polystyrene capacitors 
are used, the lead connected to the outer foil should be connected 
to the AD 1332 Cwv (working voltage) pins. If the filter is not 
used; Clvg (Pin 3), C2vg (Pin 2), C3vg (Pin 39) and C4vg (Pin 
38) should all be tied to ASIG GND (pin 8). 


SAMPLING A/D CONVERTER 
Features Description 

The AD 1332 provides a complete analog to digital converter 
function that allows the user to select a sample rate up to 125kHz 
while maintaining true 12-bit accuracy. As shown on page 1, the 
AD 1332 includes an on-board sample and hold amplifier and 
low drift voltage reference. The analog input voltage range is 
from — 5V to + 5V and the digital output coding is Offset Binary 
(see Table I). Twos complement coding can be obtained by 
inverting the MSB (Dll). 


Output Code 

000 .. . 000 

Oil . . . Ill 
100 . . . 000 

111 . . . Ill 


Center of Code 
Voltage (V) 

- 5.000000 

-0.002441 

0.000000 

+ 4.997559 


Table I. A/D Conversion Relationship 


Operational Description 

Analog signal information is converted to a 12-bit digital word 
by means of sampling the waveform and digitizing the sample 
using the successive approximation conversion technique. Two 
timing modes are available for sampling and converting the 
analog input. 

Periodic Timing Mode 

The periodic timing mode samples the input signal at equally 
spaced time intervals at a rate that is proportional to the input 
clock frequency. The connections required for the periodic 
timing mode for sample rates between 25kHz and 125kHz are 
shown in Figure 17. In this mode, the clock input is divided 
down internally to generate the SAMPLE OUT signal which is 
connected to the SAMPLE IN pin. The periodic timing circuit 
allots 7 clock periods to sample and hold acquisition and 13 
clock periods to A/D conversion. The sample rate is therefore: 

fs = fcLK 20 

which is 125kHz for a 2.5MHz clock. The timing diagram for 
this mode is shown in Figure 18. 



Figure 17. Periodic Timing Mode Connections 
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CLOCK FREQUENCY - Hz 


ADI 332 


rst mu " H w mu 

h- cp 

clk.n jmnmn^jmjiruiruunnnmjmrm 


SAMPLE 

OUT/IN 


RESET 

PHASE 


ACQUIRE CONVERT ACQUIRE CONVERT 
SAMPLE 1 SAMPLE 1 SAMPLE 2 SAMPLE 2 


ACQUIRE 
SAMPLE 3 


Figure 18a. Timing Diagram for Periodic Timing Mode (PTC ENB = 0) 


tSinnn 


JET 


clkin juuumrijuvvuinnj^ju^ 


SAMPLE 

OUT/IN 


y ./<■ y jy .y -A».— y. J%. ,-y - — /< .y ,./ 

RESET ACQUIRE CONVERT ACQUIRE CONVERT ACQUIRE 

PHASE SAMPLE 1 SAMPLE 1 SAMPLE 2 SAMPLE 2 SAMPLE 3 


Figure 18b. Timing Diagram for Periodic Timing Mode (RST = 1) 


PTC ENB functions as an “on/off” switch for the periodic 
timing circuit and is both an input and an open drain output. 
The periodic timing circuit can therefore be activated either 
through the microprocessor interface (via Control Register Bit 7) 
or externally by an open drain driver (such as the 74HC03). 

The circuit can also be permanently enabled by grounding 
PTC ENB. 

As shown in Figure 19, slowing the clock down below 1MHz 
will result in degraded performance at high temperatures when 
the sampled input “droops” during the A/D conversion. Figure 



-40 0 +25 +70 +85 


TEMPERATURE -°C 

Figure 19. Range of Clock Frequencies vs. Temperature 
for 12-Bit Linearity 


20 shows the modifications required to the circuit shown in 
Figure 17 to maintain 12-bit linearity over temperature. This 
circuit simply divides the SAMPLE OUT signal by an appropriate 
power of two to sample at the correct rate while maintaining a 
500kHz to 2.5MHz A/D converter clock. 



JO 

Ji 

J2 

J3 

J4 


20 

40 

80 

160 

320 


25.00kHz- 125.00kHz 
12.50 62.500 

6.25 31.250 

3.125 15.625 

1.5625 7.8125 


Figure 20. Periodic Timing Mode Connections when 
500kHz<f CL K—2. 5 MHz 


It is important to note that since the clock is used to define the 
amount of time between samples that it should be crystal controlled 
since instability in the clock circuit will appear as additional 
timing uncertainty (“jitter”) in the sample and hold, which will 
result in degraded SNR. 
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Externally Triggered Mode 

If the periodic timing circuit is not used, conversions can be 
triggered externally by connecting the AD 1332 as shown in 
Figure 21. The timing diagram for this mode is shown in Figure 
22. The duty cycle for the CONVERT START command must 
allow a minimum of 2.8p.s for sample and hold acquisition. 

Note that if the CONVERT START command is not synchronized 
to the clock input, up to 15 clock periods will be required to 
complete the conversion cycle so the maximum sampling rate in 
this mode will be 110kHz when a 2.5MHz clock is used. 



Figure 21. Externally Triggered Mode Connections 


Data Transfer 

The data lines D0-D11 are bidirectional I/O that are TTL com- 
patible and have 4mA drive capability. The data lines are used 
to transfer control information into, and A/D conversion results 
with status information out of, the AD 1332. Address line AO is 
an input that is used to select as the data path either A/D conversion 
results (A0 = 0) or the Control/Status Registers (A0= 1) and 
would typically be the least significant address bit in the system 
if the ADI 332 is “mapped” to adjacent memory locations. Chip- 
Select (CS) is used to define a unique location in memory for 
the AD 133 2 and should be f orme d by decoding the upper address 
bits. Read (RD) and Write (WR) define the type of data 
transfer. 

Figures 26-31 illustrate how the AD 1332 interfaces to a number 
of popular single-chip digital signal processors. 

Interrupts 

Interrupt Request (IRQ) is an open drain output that can be 
used to interrupt the processor on any of the conditions pro- 
grammed in the control register. The processor should be pro- 
grammed to interrupt on the falling edge of its Interrupt Request 
input. 


clk.n jirinjuuin^^ 


2.8fxs 

MIN 


■+“ 

JDT 


13-15CP *j 

he 


V. j V. T J 

ACQUIRE CONVERT 

SAMPLE SAMPLE 


Figure 22. Timing Diagram for Externally Triggered Mode 


Since the clock does not define the amount of time between 
samples, it need not be crystal controlled. 


HIGH-SPEED DIGITAL INTERFACE 
Features Description 

The AD 1332 completes the solution for A/D conversion in DSP 
applications by providing the systems designer a direct, high 
speed parallel digital interface. The prime feature of this interface 
architecture is that it operates completely asynchronously from 
the A/D converter and therefore allows the AD 1332 to appear as 
“memory” to a microprocessor. 

The combination of fully asynchronous operation with respect 
to the A/D conversion process and fast data access time allows 
the AD 1332 user to upgrade to faster versions, or even different 
vendors, of DSP hardware without having to add synchronization 
or wait state logic. In addition, by virtue of hybrid circuit tech- 
nology, the user is not required to add external circuitry to 
prevent digital feedthrough into the analog section. 

The AD 1332 data transfer is accomplished by employing an 
interrupt driven architecture. Interrupts can be programmed by 
the microprocessor to be generated when the FIFO is full (32 
conversion results), half-full (16 conversion results) or after 
every conversion (FIFO is bypassed). The AD 1332 digital interface 
also includes an overrange detect circuit, which can generate an 
interrupt if the sampled analog input signal exceeds positive or 
negative full scale, to alert the system that a conversion result 
has been generated that will result in a nonlinearity in the sub- 
sequent signal processing. 

Operational Description 

The AD 1332 can interface directly to a micropro cesso r via s tandard 
data (D0- D11) , address (AO) and control lines (RD, WR, CS, 
IRQ and RST). 


FIFO Half-Full Interrupt 

The timing for interrupts that are generated when the FIF O is 
half full is shown in Figures 23a and 23b. In both figures, IRQ 
becomes active when the 16th A/D conversion result is shifted 
into the FIFO. In Figure 23a, the processor responds immediately 
and a read cycle takes place before the next conversion cycle 
begins. Here, the completion of the read cycle shifts the first 
conversion result (which was just read by the processor) out of 
the FI FO, replaces it with the second conversion result and 
causes IRQ to become inactive since there are now 15 conversion 
results in the FIFO. 

In Figure 23b, the processo r doe s not respond before the next 
conversion cycle begins and IRQ becomes inactive. The FIFO 
continues to accept conversion results and the processor can 
read from the FIFO at any time so long as the FIFO has not 
overrun. 

This mode allows the AD 1332 to have a low interrupting priority 
since the processor has 340 A/D converter clock periods (17 
conversions x 20 clock periods per conversion) in the periodic 
timing mode before the FIFO overruns. Therefore, the processor 
will have up to 136jxs to respond at the maximum sample rate 
of 125kHz (since f CL K = 2.5MHz). 

FIFO Full Interrupt 

The timing for interrupts that are generated when the FIFO is 
full is shown in Figures 24a and 24b. In both figures, IRQ 
becomes active when the 32nd A/D conversion result is shifted 
into the FIFO. In Figure 24a, the processor responds immediately 
and a read cycle takes place before the next conversion cycle 
begins. Here, the completion of the read cycle shifts the first 
conversion result (which was just read by the processor) out of 
the FIFO, replaces it with the second conversion result and 
causes IRQ to become inactive because there are now 31 conversion 
results in the FIFO. 

In Figure 24b, the processo r doe s not respond before the next 
conversion cycle begins and IRQ becomes inactive. The processor 
must read from the FIFO before the completion of the current 
conversion cycle or the FIFO will overrun. 

This mode maximizes the memory capability of the AD 1332 but 
requires a fairly high interrupting priority in the processor since 
the processor has only 20 A/D converter clock periods ( 1 conversion 
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Figure 23a. Timing Diagram for Half-Full Interrupt 
(Read before 17th Conversion Started) 
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Figure 23b. Timing Diagram for Half-Full Interrupt 
(Read after 17th Conversion Started ) 
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Figure 24a. Timing Diagram for Full Interrupt 
(Read before 33rd Conversion Started) 
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RD 
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Figure 24b. Timing Diagram for Full Interrupt 
(Read after 33rd Conversion Started) 


x 20 clock periods per conversion) in the periodic timing mode 
before the FIFO overruns. Therefore, the processor will have 
only 8jxs to respond at the maximum sample rate of 125kHz 
(since f C L K = 2.5MHz). 

Conversion Results Overrange Interrupt 

If the FIFO is used, the ADI 332 can be programmed to generate 
interrupts when overranged conversion results are shifted into 
the FIFO. If IRQ became active as a result of an overrange 


condition, the only way it can become inactive is to clear Bit 4 
of the control register. Typically, the user should clear the 
entire control register which will, in effect, remove the interrupt, 
reset the FIFO and reset the periodic timing circuit. 

Should the overrange interrupt capability be used, Status Register 
Bits 4 and 6 can be used to identify whether the interrupt occurred 
as a result of an overrange condition or FIFO half full (or full). 
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Figure 25. Timing Diagram for Single Conversion Interrupt 


Single Conversion Interrupt (FIFO Bypassed) 

The timing for interrupts that are generated when the FIFO is 
bypassed is shown in Figure 25. Here, IRQ becomes active at 
the completion of a single A/D conversion cycle, which may be 
up to two A/D converter clock periods after the sample and 
hold starts acquiring the next sample. IRQ remains active, 
independent of the read cycle, until the next conversion cycle 
begins. Data is valid so long as IRQ remains active. 

This mode makes data available immediately after the conversion 
process has been completed, and is therefore very similar to the 
operation of a conventional A/D converter if IRQ is taken to 
mean conversion STATUS. This mode is most useful when a 
single conversion result is necessary to adjust a system parameter, 
such as the gain of a PGA that may be in front of an AD 1332. 


+ 5V 



RESET 


Since IRQ will only be valid for six A/D converter clock periods 
in periodic timing mode (2.4p.s with a 2.5MHz clock), a high 
interrupting priority should be assigned by the processor. Should 
the single conversion result be necessary to adjust a system 
parameter as described above, it may be more efficient to “poll” 
the Status Register to determine when the conversion result is 
available. 

Operation Other than with a Microprocessor 

The AD 1332 can be used in other microproce ssor environments 
by grou ndin g Pins 12, 13 and 28 (CS, AO and RD), connecting 
Pin 29 (WR) to V DD and pulsing RST low. This will permanently 
enable the AD 1332 3-state outputs and clear the control register, 
causing the FIFO to be bypassed. 



RESET 


Figure 26. ADSP-2100A to AD 1332 Interface 


Figure 27. DSP56000 to ADI 332 Interface 
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Figure 28. TMS320C25 to AD 1332 Interface 


Figure 29. f±PD77230 to ADI 332 Interface 



Figure 30. DSP 16 to AD 1332 Interface 



Figure 31. ZR34161 to AD1332 Interface 
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Multiple AD 1332s 

The architecture of the AD 1332 allows multiple devices to be 
used in a microprocessor based system. Figure 32 illustrates 
how four AD 1332s can be configured to simultaneously sample 
their analog inputs and reside in eight sequential locations in a 
microprocessor’s memory address space. Since the AD 1332s are 
sampling at the same rate, one AD 1332 functions as the “master” 
and drives its own SAMPLE IN pin as well as those of the 
remaining devices (“slaves”). The Control Register of each 
device should be programmed to interrupt on the same condition 
so that the same number of conversion results are available from 
all devices. 



Figure 32. 4-Channel Simultaneous Sampling System 


Sequential Sampling 

Figure 33 illustrates how an AD 1332 can be configured to se- 
quentially sample sixteen channels of analog inputs. The circuit 
works as follows. The HC161 outputs Q0-Q3 form the address 
bits for the AD7506 muliplexer. Through the microprocessor 
interface, the periodic timing circuit is enabled and the HC161 
is taken out of reset by setting Control Register Bit 7. Since the 
HC161 was reset, Channel 0 is initially selected. Following an 
AD1332 reset cycle (15-16 clock periods), 7 clock periods are 
used to acquire the Channel 0 input. Once acquired, the rising 
edge of SAMPLE OUT puts the AD 1332 sample and hold into 
hold mode, starts the A/D conversion and advances the HC161 
one count. Therefore, while Channel 0 is being converted, the 
multiplexer switches to Channel 1 and settles during the 13 
clock periods required for A/D conversion. 

The above continues until Channel 15 has been sampled, at 
which point the HC161 returns to an all zero count and commences 
another pass through the 16 channels. The process can be ter- 
minated by clearing Control Register Bit 7. 


Since each channel is sampled on every 16th rising edge of the 
SAMPLE OUT signal, the effective sampling rate is: 

fs = (fcLK 20) -f- (Number of Channels) 

= fcLK 320 

Any number of channels can be sequentially sampled with slight 
modifications to the circuit shown in Figure 33. 



Figure 33. 16-Channel Sequential Sampling System 


SUCCESSFULLY APPLYING THE AD1332 
Grounding 

In order to obtain the specified performance of the AD 1332, 
proper grounding and power supply decoupling techniques must 
be observed. First, it is imperative that a ground plane be used. 
A ground plane provides a low resistance, low inductance path 
for currents to flow back to their source. Without a ground 
plane, currents will return to the source in such a way as to 
minimize the energy of the system and therefore parasitic induc- 
tances will exist in such undesirable locations as power supply 
lines and signal grounds. 

Second, all three ground connections on the AD 1332 must be 
tied together to the ground plane. The AD 1332 APWR GND 
(Pin 9) carries the imbalance current from the analog power 
supplies ( ± Vs). APWR GND is also connected to the package 
seal ring/lid and therefore can cause coupling between the analog 
and digital sections if it is not tied directly to the ground plane. 

ASIG GND (Pin 8) is the signal ground internal to the AD 1332 
and is “common” for the filter, — 5V reference, sample and 
hold, and A/D converter. The current that flows through this 
pin from the A/D converter is a dynamic current that changes 
on every clock cycle. Inductance in this trace will therefore 
cause a reduction in performance in the entire analog section. 

DGND (Pin 20) is a separate ground connection for the digital 
interface chip. It carries a dynamic current every time a digital 
output changes state, and inductance in the trace that connects 
to this pin will reduce the noise margin between the A/D converter 
and the digital interface chip. 

Power Supply Decoupling 

The power supply decoupling capacitors supply the instantaneous 
current to the AD 1332 and also provide some high frequency 
filtering. The filtering aspect of the capacitors should not be 
counted on however, and the user should make every effort to 
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supply quiet, well regulated power supplies to the AD 1332. 
Switching mode power supplies are not recommended for the 
analog power supplies ± Vs- 

Decoupling capacitors should be placed as close to the device as 
possible to minimize inductances in power supply traces. A 
2.2|jlF (or greater) solid tantalum capacitor in parallel with a 

0.1 pF ceramic capacitor should be used for decoupling each 
4 - V s and - Vs- A l.OpF (or greater) solid tantalum capacitor 
should be used for decoupling V DD . 

Transmission Line Effects 

The digital interface has 10K ECL speed and with 15pF loading 
exhibits a typical edge rate of 1.4ns. High speed CMOS systems 
that incorporate the AD 1332 must use careful PCB layout and 
impedance matching techniques to reduce crosstalk and voltage 
reflections. 

Crosstalk 

The fast edge rates with large voltage swings of CMOS systems 
can result in capacitive and inductive coupling (crosstalk) between 
adjacent PCB signal traces and may compromise signal integrity 
and reduce noise margins. The effect can be most severe on 
data lines that are near “clocked” control lines, such as Read, 
Write and Chip Select lines, when they actually change their 
logic state as a result of crosstalk. 

To reduce crosstalk, the PCB layout should minimize long 
parallel traces. If this can not be avoided, clock lines should be 
shielded from data and address lines by running ground traces 
along side them. 

Voltage Reflections 

The gross impedance mismatch between high impedance CMOS 
inputs and low impedance CMOS outputs invites unwanted 
voltage reflections and “ringing” that can also compromise 
signal integrity and reduce noise margins. This level of mismatch 
causes a nearly equal and opposite negative pulse to be reflected 
back from the load to the source when the round trip delay of 
the line exceeds the rise or fall time of the driving signal. For a 
typical line delay of 0.055ns/cm with a 1.4ns edge rate, this 
translates to only 13cm (5 inches) for the AD 1332. Provided the 
signal lines are over a ground plane, this may never be a problem 
since the added capacitance will reduce the edge rate. 


The effect will be most severe on “clock” lines in synchronous 
systems such as Read, Write and Chip S elect lines. For example, 
should the AD 1332 Read control input (RD) be double clocked 
as a result of a reflection while in a read cycle, in most cases the 
digital interface chip will be fast enough to respond. If the 
FIFO is being read from, a second shift out will occur and A/D 
conversion results will be lost. 

Since CMOS output stages are not capable of delivering enough 
current to the load when a transmission line (PCB trace) is 
terminated in its characteristic impedance, a series damping is 
recommended when reflections must be reduced or eliminated. 
Here, a small resistor (typically 100 to 75fl) is inserted in series 
with the transmission line as close to the source as possible. The 
goal is to match the series resistance plus driver output impedance 
to the transmission line impedance. This will keep the wave that 
is reflected back from the load to source from reflecting back to 
the load. 

The primary disadvantage of series termination is that due to 
the voltage divider formed by the source resistance and line 
impedance, the voltage at the input to the line is midway between 
logic levels during the two way propagation delay time. This 
means that although any number of device inputs may be attached 
at the load end, other device inputs cannot be distributed along 
the transmission line. 

REFERENCES 

1. Oppenheim, Alan V. and Schafer, Ronald W., Digital Signal 
Processing , Prentice Hall, 1975. 

2 . Marple, S . Lawrence, Digital Spectral Analysis with Applications , 
Prentice, Hall 1987. 

3. Cypress Semiconductor, CMOS Data Book, Cypress 
Semiconductor, 1987. 
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ANALOG Four-Channel 12-Bit Sampling A/D Converter 
DEVICES for Digital Signal Processing 


ADI 334 


FEATURES 

Four-Channel A/D Converter for DSP Includes: 
Simultaneous or Independent Sampling 
Capability 

12-Bit Accurate A/D Converter 

2-Bit Channel ID Tags Each Conversion Result 

32-Word FIFO Memory 

Fully Asynchronous, High Speed Digital Interface 
Single-Channel Sample Rate Up to 67kHz 
Four-Channel Simultaneous Sample 
Rate Up to 28kHz 

Entire System Dynamically Characterized 
Minimal Effective Aperture Delay Mismatch from 
Channel-to-Channel & Device-to-Device 
15ns Data Access Time Allows "No Wait State" 

Interface to: ADSP-2100 (A), TMS320C25 
DSP56000, NECpPD77230 
Low Power, 250mW/Channel 

APPLICATIONS 
Sonar Signal Processing 
Robotics/Machine Control 
Disk-Drive Head Positioning 
Vibration Analysis 

PRODUCT DESCRIPTION 

The AD1334 is a four-channel, 12-bit, sampling A/D converter 
system optimized for use in multichannel digital signal processing 
(DSP) applications. The device consists of four independent 
sample-and-hold amplifiers, a multiplexer, an A/D converter, a 
controller, a 32-word FIFO memory and a fully asynchronous 
high speed digital interface. The product is packaged in a 40-pin 
hermetic DIP. 

The channel controller enables the AD 1334 to appear as four 
independent channels of analog input by generating all of the 
timing necessary to ensure that the sampled channel is digitized 
to 12-bit accuracy. Upon receipt of a sample command, the 
controller will immediately place the sample-and-hold amplifier 
into hold mode and then prioritize and schedule the held value 
for A/D conversion. At the appropriate time, the sampled input 
is gated through the multiplexer and, after settling, is digitized 
by the A/D converter. The sample-and-hold amplifier is then 
returned to sample mode so that it can acquire the next sample. 


AD1334 FUNCTIONAL BLOCK DIAGRAM 


REF OUT 



SAMPLE IN ENB 


For effective use in simultaneous sampling applications, the 
sample-and-hold amplifiers are designed to provide a minimum 
amount of aperture delay time mismatch from channel-to-channel 
and device-to-device. 

The 12-bit A/D converter can convert ±5V full scale signals at 
sample rates up to 67kHz for single-channel operation. In the 
simultaneous mode, the AD 1334 has a four-channel sample rate 
up to 28kHz. The entire converter system is specified and tested 
for signal-to-noise ratio, total harmonic distortion and channel-to- 
channel isolation. 

The digital interface provides a true asynchronous link between 
the A/D and a high speed microprocessor. Data transfer is con- 
trolled by generating an interrupt signal when data is available. 
Interrupts can be generated when the FIFO is full (32 words), 
half-full (16 words), or when a single word of data is ready 
(FIFO bypassed). The AD 1334 can also generate an interrupt 
when the A/D conversion results are overrange. 

The AD 1334 provides a completely specified and tested system 
that bridges the interface and specification gap between A/D 
converters and high speed DSP. 
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SPECIFICATIONS (T a = +25°C, V s = ± 1 5V, V D0 = +5V and f CU( =2.5MHz unless noted) 


Parameter 

AD1334BD 
Min Typ 

Max 

Units 

S/H, Mux & A/D Converter 1 

Input Impedance 

2 2.5 


kO 

Voltage Range 

- 5 to +5 


V 

Output Coding 

CLK IN Frequency, (ficLic) 

Offset Binary 

1.0 

2.5 

MHz 

High Time 

200 


ns 

Low Time 

200 


ns 

Sampling Rate Per Channel (f s ) 

Simultaneous Mode (SIMULT = LOW) 

1 Channel 


67 

kHz 

2 Channels 


46 

kHz 

3 Channels 


35 

kHz 

4 Channels 


28 

kHz 

Independent Mode (SIMULT = HIGH) 

1 Channel 


67 

kHz 

2 Channels 


67 

kHz 

3 Channels 


44 

kHz 

4 Channels 


33 

kHz 

S/H 

Acquisition Time to 0.01% 

6.5 

7.5 

(ULS 

Droop Rate 

0.2 

1.0 

mV/ms 

Over T emperature 

Doubles Every 10°C 


- 3dB Small Signal Bandwidth 

200 


kHz 

Group Delay 2 (fi N < 10kHz) 

785 


ns 

Aperture Delay 3 

0 10 

15 

ns 

Effective Aperture Delay 4 (fi N < 10kHz) 

- 700 - 775 

-850 

ns 

Static Characteristics 

Integral Nonlinearity 

±1/2 

±1 

LSB 

Over Temperature 


±1 

LSB 

Resolution for No Missing Codes 

12 


Bits 

Over T emperature 

12 


Bits 

- Full-Scale Error 

±2 

±4 

LSB 

Over Temperature 

±4 

±8 

LSB 

+ Full-Scale Error 

±2 

±4 

LSB 

Over Temperature 

±4 

±8 

LSB 

PSRR, ±V S 

±1/2 


LSB /V 

Dynamic Characteristics 5,6 

Signal-to-Noise Ratio, fiN = 13.6kHz 

70 72 


dB 

T otal Harmonic Distortion , f IN = 1 3 . 6kHz 

-86 

-76 

dB 

Intermodulation Distortion , f IN i = 1 3 . 1 kHz 
&f IN2 = 13.6kHz 

-86 

-76 

dB 

Channel-to-Channel Isolation 7 , f IN = 8.009kHz 
SIMULT = LOW 

70 78 


dB 

SIMULT = HIGH 

74 


dB 

Reference Voltage 

-5.05 

-4.95 

V 

Output Current 

±1 ±2 


mA 

Drift 

±5 

±25 

1 

ppm/°C 
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Parameter 

AD1334BD 

Min Typ Max 

Units 

DIGITAL INPUTS 6 



Voltage Input, LOW 

+ 0.8 

V 

HIGH 

+ 2.0 

V 

Input Current 

±250 

|xA 

Input Capacitance 

5 

pF 

RST LOW Pulse Width 

10 

ns 

DIGITAL OUTPUTS 6 



D0-D13, READY 



Output Voltage, Logic LOW, Iql = 4mA 

+ 0.4 

V 

Output Voltage, Logic HIGH, I 0 h = ~ 4mA 

+ 2.4 

V 

3-State Leakage Current 

±10 

|xA 

IRQ, CONTROL ENB 



Output Voltage, Logic LOW, I 0 l = 4mA 

+ 0.4 

V 

IRQ Off- State Leakage 

±10 

|jlA 

Output Capacitance 

5 

pF 

FIFO Fall-Thru Time 

400 800 

ns 

IRQ LOW to DO-D 1 3 Valid 8 

0 

ns 

POWER REQUIREMENTS 



Operating Range 



±V S 

±11.4 ±15.75 

V 

Vdd 

+ 4.75 +5.25 

V 

Supply Current 



+ V S 

42 60 

mA 

-V s 

40 57 

mA 

+ Vdd 

2 5 

mA 

Consumption 



±V S = ± 12V 

1.0 1.2 

W 

±V S = ± 15 V 

1.2 1.5 

W 

TEMPERATURE RANGE 



Operating and Specified 

-40 +85 

°c 

Storage 

-65 +150 

°c 


NOTES 

1 Specifications are per channel in 4 Channel Simultaneous Mode (SAMPLE 0-3 connected together and SIMULT & CONTROL ENB = LOW), 
at f s = 28kHz, and with SAMPLE 0-3 having an 80% duty cycle unless noted . 

2 Group delay is the negative of the 1st derivative of phase with respect to frequency and is a measure of the analog time delay through the S/H. 

3 Aperture delay is the time delay from the SAMPLE input to S/H switch opening and is a measure of the digital time delay through the S/H. 
4 Effective aperture delay is the difference between analog and digital time delays described in (2) and (3). 

5 THD of harmonics 2-7 of the fundamental. 

SNR of fundamental less harmonics 2-7. 

Guaranteed over operating temperature and power supply voltage range tested at + 25°C only. 

isol ation of any one ch anne l from remaining three channels which have near maximum amplitude ac signals at their inputs. 

8 RD, CS, AO - LOW; WR, RST = HIGH. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units. All other specifications are guaranteed but not tested. 
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SWITCHING CHARACTERISTICS 


(over operating temperature and power supply voltage range, 
with Cqut = 30pF or lOOpF except where noted) 


Parameter 

Description 

Conditions 

Min Max 

Units 

READ CYCLE 





tRC 

Read Cycle Time 

Cout = 30pF 

25 

ns 



Cout — lOOpF 

35 

ns 

t A 

Data Access Time 

Gout = 30pF 

15 

ns 



Cout = lOOpF 

25 

ns 

tLZ 

Output Low Z Time 


2 

ns 

*HZ 

Output High Z Time 

Cout == 30pF 

15 

ns 



Cout = lOOpF 

25 

ns 

tOH 

Output Hold Time 


2 

ns 

tAORD 

AO Valid to RD LOW 


3 

ns 

tRDAO 

RD HIGH to AO Invalid 


3 

ns 

Uocs 

AO Valid to CS LOW 


3 

ns 

tcSAO 

CS HIGH to AO Invalid 


3 

ns 

WRITE CYCLE 





twc 

Write Cycle Time 


15 

ns 

twp 

Write Pulse Width 


5 

ns 

tsu 

Data Setup Time 


2 

ns 

tlH 

Input Hold Time 


3 

ns 

fAOWR 

AO Valid to WR LOW 


3 

ns 

tWRAO 

WR HIGH to AO Invalid 


3 

ns 

tAOCS 

AO Valid to CS LOW 


3 

ns 

tcSAO 

CS HIGH to AO Invalid 


3 

ns 


Specifications subject to change without notice. 
All specifications are guaranteed but not tested. 


ABSOLUTE MAXIMUM RATINGS* 


+ V s to APWR/ASIG GND + 17V 

-V s to APWR/ASIG GND - 17V 

V DD to DGND +7V 

APWR/ASIG GND to DGND -0.3Vto+0.3V 

Analog Input to APWR/ASIG GND - V s to + V s 

Digital Input to APWR GND 

SAMPLE0-SAMPLE3, CLK IN, 

SIMULT, CONTROL ENB -0.3V to + 7V 

Digital Input to D GND 

D0-D13, RD, WR, CS, AO, RST . . -0.3V to V DD + 0.3V 


Output Short Circuit Duration 

REF OUT, TP Indefinite 

Digital Output 1 Output for lsec 

Lead Temperature Range, 

Soldering for lOsec + 300°C 

NOTES 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability . 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ORDERING GUIDE 



Temperature 

Package 

Model 

Range 

Options* 

AD1334BD 

-40°Cto+85°C 

DH-40A 

AD1334TD883B 

-55°Cto + 125°C 

DH-40A 


*See Section 14 for package outline information. 
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notes 

CS IS VALID BEFORE OR COINCIDENT WITH RDHIGH-TO-LOW TRANSITION. 
CS I S INVALID AFTER OR COINCIDENT WITH RD LOW-TO-HIGH TRANSITION. 
WR IS NOT ACTIVE DURING READ CYCLE. 

Timing Waveform for Read Cycle No. 1 (RD Controlled) 



notes 

CS IS VALID BEFORE OR COINCIDENT WITH WR HIGH-TO-LOW TRANSITION. 
CS IS INVALID AFTER OR COINCIDENT WITH WR LOW-TO-HIGH TRANSITION. 
RD IS NOT ACTIVE DURING WRITE CYCLE. 


Timing Waveform for Write Cycle No. 1 (WR Controlled) 


Figure 7. 



notes 

RD IS VALID BEFORE OR COINCIDENT WITH CS_HIGH-TO-LOW TRANSITION. 
RD IS INVALID AFTER OR COINCIDENT WITH CS LOW-TO-HIGH TRANSITION. 
WR IS NOT ACTIVE DURING READ CYCLE. 



NOTES 

WR IS VALID BEFORE OR COINCIDENT WITH CSHIGH-TO-LOW TRANSITION. 
WR IS INVALID AFTER OR COINCIDENT WITH CS LOW-TO-HIGH TRANSITION. 
RD IS NOT ACTIVE DURING WRITE CYCLE. 


Timing Waveform for Read Cycle No. 2 (CS Controlled) Timing Waveform for Write Cycle No. 2 (CS Controlled) 


Figure 2. 


AC TEST CONDITIONS 


Input Pulse Levels 

DGNDto + 3.0 V 

Input Rise/Fall Times 

<5ns 

Timing Reference Levels 


Inputs 

1.5V 

Outputs 


LOW 

0.4 V 

HIGH 

2.4 V 

Enabled to LOW 

V T -0.1V 

Enabled to HIGH 

V T +0.1V 

Disabled from LOW 

Voi +0.5V 

Disabled from HIGH 

Vqh -0.5V 



Figure 3. Output Load 


V T = 1.5V, the voltage to which 3-stated outputs are forced. 
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Typical Characteristics 



Figure 4. Maximum Sample Rate vs. 
Clock Frequency (Simultaneous Mode ) 


Figure 5. Maximum Sample Rate vs. 
Clock Frequency (Independent Mode) 


Figure 6. Effective Aperture Delay 
vs. Frequency 



fiN - kHz 


Figure 7. A/D SNR vs. Frequency 
(Average of Four Channels, 
Simultaneous Mode) 



f,N - kHz 

Figure 8. A/D THD vs. Frequency 
(Average of Four Channels, 
Simultaneous Mode) 



0 2 4 6 8 10 12 14 

fiN - kHz 

Figure 9. Channel-to-Channel 
Isolation vs. Frequency 



4.5 4.75 5.0 5.25 5.5 

Vdo- V 



-40 0 +25 +70 +85 

TEMPERATURE - °C 



0 25 50 75 100 125 150 

CAPACITANCE - pF 


Figure 10. Normalized Data 
Access Time vs. V DD 


Figure 1 1. Normalized Data 
Access Time vs. Temperature 


Figure 12. Change in Data 
Access Time vs. Loading 
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PIN CONFIGURATION 

CHAN1 IN 
CHANO IN 
+ V S 
SAMPLE 0 
SAMPLE 1 
TP 

REF OUT 
ASIG GND 
APWR GND 
IRQ 
CS 
AO 

(CHID MSB) D13 
(CHID LSB) D12 
(A/D MSB) Dll 
DIO 
D9 
D8 
D7 
DGND 


PIN DESCRIPTIONS 


Pin 

Mnemonic 

Function 

2 

CHANO IN 

Channel 0 analog input. 

1 

CHAN 1 IN 

Channel 1 analog input. 

40 

CHAN 2 IN 

Channel 2 analog input. 

39 

CHAN 3 IN 

Channel 3 analog input. 

6 

TP 

Test Point (no connect). 

32 

CONTROL ENB 

Input and (open drain) output used to enable controller externally or through |jlP interface. 

34 

READY 

Output that, in simultaneous mode, indicates all channels have been successfully converted 
and device is ready to sample . 

35 

SIMULT 

Input that when LOW sets controller to simultaneous mode which keeps S/Hs in hold mode until 
all channels have been converted. 

8 

ASIG GND 

Analog signal ground. 

7 

REF OUT 

- 5V reference output. 

3,38 

+ V S ,-V S 

Analog power supplies. 

9 

APWR GND 

Analog power ground. 

33 

CLKIN 

External clock input to the A/D converter and channel controller. 

4 

SAMPLE 0 

Channel 0 S/H control input. 

5 

SAMPLE 1 

Channel 1 S/H control input. 

36 

SAMPLE 2 

Channel 2 S/H control input. 

37 

SAMPLE 3 

Channel 3 S/H control input. 

10 

IRQ 

Open drain interrupt request. User programmable to become active on any of the following 
conditions: 

One A/D Conversion Result Available; 

FIFO Half Full or Full; 

A/D Conversion Results Over range. 

11 

CS 

Chip select input. 

12 

AO 

Address bit zero. Selects data path from FIFO/latch (low) or from/to Status/Control register (high). 

28-22 

D0-D6 

Bidirectional 3-state data lines. D1 1 is A/D converter MSB when D0-D13 are outputs. D7 is Status/ 

19-13 

D7-D13 

Control register MSB. D12 and D13 carry channel ID number. 

29 

RD 

Read control input (DO-D 1 3). 

30 

WR 

Write control input (DQ-D7). 

31 

RST 

Reset. In reset state, FIFO is transparent & overrange detector is disabled. 

20,21 

DGND,V dd 

Digital power supply. 


Ol 


40 O 

CHAN2 IN 

02 


39 0 

CHAN3 IN 

03 


38 0 

-V s 

04 


37 0 

SAMPLE 3 

O 5 


36 0 

SAMPLE 2 

06 


35 0 

SIMULT 

0 7 

AD1334 

34 O 

READY 

O 8 

33 O 

CLK IN 

O 9 

TOP VIEW 
(Not to 

32 O 

CONTROL ENB 

0 10 

Scale) 

31 0 

RST 

0 11 


30 O 

WR 

0 12 


29 O 

RD 

O 13 


28 0 

DO (A/D LSB) 

0 14 


27 0 

D1 

0 15 


26 0 

D2 

0 16 


25 0 

D3 

0 17 


24 O 

D4 

O 18 


23 0 

D5 

0 19 


22 O 

D6 

O 20 


21 O 

Vdd 
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COMPONENT LIST CHANNEL 0 CHANNEL 1 CHANNEL 2 CHANNEL 3 

U1:AD1334 INPUT INPUT INPUT INPUT 



Figure 13. Typical Interface Circuit (Simultaneous Mode) 


CONTROL AND STATUS REGISTER DESCRIPTIONS 
Control 


Bit— ► 

7 

6 

5 

4 

3 

2 

1 

0 


CTLEN 

L/F 

HF/F 

ORNG 

X 

1 X 

X 

rz 


Status 


Bit-> 

7 

6 

5 

4 

3 

2 

1 

0 


FLAG 

DATA 

ORUN 

ORNG 

X 

E 

E 

S 


Bit 

7 


6 


5 


4 


3-0 


Mnemonic Function 

CTLEN A “0” in this bit position will disable the 
controller. 

A “ 1” in this bit position will enable the 
controller. 

L/F A “0” in this bit position will reset the FIFO 

and enable the transparent latch. IRQ will 
become active on the completion of an A/D 
conversion cycle. IRQ will become inactive on 
the start of the next A/D conversion cycle. 

A “ 1 ” in this bit position will enable the FIFO 
and activate IRQ when the FIFO is half full or 
full (depending on CBIT 5). IRQ will become 
inactive on the start of the next A/D conversion 

__ cycle or when the FIFO is read from . 

HF/F A “0” in this bit position will cause IRQ to 

become active when the 16th word is shifted 
into the FIFO (if the FIFO is enabl ed). 

A “ 1” in this bit position will cause IRQ to 
become active when the 32nd word is shifted 
into the FIFO (if the FIFO is enabled). 

ORNG A “0” in this bit position will disable the 

overrange interrupt capability . 

A “ 1” in this bit position will activate IRQ 
if overranged (all “0”s or all “ 1 ”s) data is 
shifted into the FIFO. IRQ will become 
inactive when this bit is reset to “0.” 

X Not defined. 


Bit Mnemonic Function 


7 FLAG 
6 DATA 

5 ORUN 
4 ORNG 
3-0 X 


Logi cal OR of status Bits 4 & 6. 

Set if IRQ becomes active because data is 
available. Reset when FIFO is read from if 
FIFO used. Reset when IRQ becomes inactive 
if latch is used. 

Set when FIFO has overrun. 

Rese t by c ontrol Bit 6. 

Set if IRQ becomes active because of overrange 
condition. Reset by control Bit 4. 

Not defined. 
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SAMPLE-AND-HOLD AMPLIFIERS 

The four sample and hold amplifiers internal to the AD 1334 
combine precision high speed amplifiers and switches together 
with laser trimmed thin-film resistors to offer a performance 
and power efficient front end for multichannel applications. 

Each sample-and-hold amplifier is designed to minimize the 
effects of dc and ac error sources in simultaneous as well as 
independent sampling applications. 

Operational Description 

The sample and hold amplifier architecture is based on an inte- 
grator which results in a relatively low input impedance (2.5kD) 
and an acquisition time of 7.5p,s (maximum). DC error sources 
are specified and controlled through the use of precision amplifiers, 
low leakage switches and package-level laser trimming of thin-film 
resistors. 

Group delay is specified and controlled through the use of trimmed 
thin-film resistors, tight-tolerance hold capacitors and high 
speed amplifiers. Aperture delay is specified and controlled 
through the use of high speed CMOS logic and DMOS switches. 
The effective aperture delay, which is the delay seen by the 
user, is therefore controlled from channel to channel and from 
device to device. The effective aperture delay is negative because 
the held value corresponds to a value of input voltage that occurred 
before the amplifier was put into hold mode. 

In applications where endpoint ( + FS and - FS) accuracy is 
critical, the source impedance should be minimized because 
each ohm will typically change the gain of the sample and hold 
amplifier by 0.04%. This should not be a problem in most cases 
because the low impedance output of either a programmable 
gain amplifier or antialiasing filter will be connected to each of 
the AD1334’s analog inputs. 

CHANNEL CONTROLLER 

The AD 1334 Channel Controller enables the AD 1334 to appear 
as four independent channels of analog input by generating all 
of the timing necessary to ensure that the sampled channel is 
digitized to 12-bit accuracy. Upon receipt of a sample command, 
the controller will immediately place the sample-and-hold amplifier 
into hold mode and then prioritize and schedule the held value 
for A/D conversion. At the appropriate time, the sampled input 
is gated through the multiplexer and, after settling, is digitized 
by the A/D converter. The sample-and-hold amplifier is then 
returned to sample mode so that it can acquire the next sample. 

Operational Description 

Timing is initiated on the rising edge of SAMPLE 0-3 control 
inputs. To minimize the effects of digital feedthrough from the 
control inputs, it is recommended that the falling edge occur 
before sample-and-hold acquisition (sample-and-holds have a 
maximum 7.5|ms acquisition time) and after the A/D conversion 
is complete. 

CONTROL ENB functions as an “on/off’ switch for the controller 
and is both an input and an open drain output. The controller 
can therefore be activated either through the microprocessor 
interface (via control register Bit 7) or externally by an open 
drain driver (such as the 74HC03). The controll er can also be 
permanently enabled by grounding CONTROL ENB. The 
timing for enabling and disabling the controller as described 
above is shown in Figure 14. 
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RESET PHASE 


Figure 14a. Tim ing Diagram for Resetting Controller 
(CONTROL ENB = 0) 
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RESET PHASE 


Figur e 14b. Timing Diagram for Enabling Controller 
( RST= 1) 

The channel controller also adds 2 bits (D12 and D13) of data 
to each A/D conversion result for channel identification. Table I 
summarizes this relationship. 



Two timing modes are available for sampling and converting 
each or all of the analog inputs. (Note - The timing diagrams 
shown refer to Channels “A,B,C,D” rather than “0,1, 2, 3.” 
This was done because each channel is completely independent 
of the other three channels and, in fact, Channel A can be any 
of Channels 0, 1, 2 or 3, Channel B can be any of Channels 0, 
1, 2 or 3, etc.) 


Simultaneous Mode 

Simultaneous mode is selected by connecting the SIMULT pin 
to logic low. This mode should be used when any 2, 3 or all 4 
channels are to be sampled simultaneously (i.e., at the same 
instant in time). This mode keeps the sample-and-hold amplifiers 
on the sampled channels in hold mode until the sampled inputs 
have been digitized and will normally result in better channel-to- 
channel isolation relative to independent mode. The tim ing 
diagram for this mode is shown in Figure 15. Note that IRQ 
becomes active on the completion of every A/D conversion since 
the FIFO is not being used. 

Prioritizing logic internal to the channel controller can be used 
to ensure that the channels are converted in a predetermined 
sequence. Synchronizing the sample control signal (rising edge 
of SAMPLE 0-3) to either the rising or falling edge of the clock 
will result in Channel 0 being converted before Channel 1, 
Channel 1 before Channel 2, and Channel 2 before Channel 3. 
An obvious advantage to this is that the user can choose to 
ignore data Bits 12 and 13 (D12 and D13) which carry the 
channel identification. 
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Figure 15. Timing for Simultaneous Sampling (SIMULT= Low, FIFO Not Used) 
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Figure 16. Timing for Independent Sampling (SIMULT= High, FIFO Not Used) 
w/Worst Case Skew of SAMPLE Control Inputs 
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If the FIFO is used, the falling edge of the READY signal, can 
be used as an interrupt signal to notify a processor that the 1, 2, 
3 or 4 channels have been successfully converted and have been 
shifted into the FIFO. All conversion results can be read from 
the FIFO with the exception of the last one, which must fall 
through to the output (fall-through time is typically 400ns). 
READY can also be used as a signal to the device generating 
the sample command that the previous group of samples have 
been converted and that the next group of samples are being 
acquired. 

Independent Mode 

Independent mode is selected by connecting the SIMULT pin 
to logic high. This mode should be used when any number of 
channels are sampled independently. In contrast to simultaneous 
mode, this mode returns the sample-and-hold amplifier on the 
sampled channel to sample mode when the channel input has 
been digitized. This mode allows the AD1334 to emulate up to 
four independent sampling A/D converters, each of which can 
accommodate different sample rates and hence different signal 
bandwidths. The timing diagram for this mode is shown in 
Figure 16. Note that IRQ becomes active on the completion of 
every A/D conversion since the FIFO is not being used. 

The READY signal has no implicit definition in this mode, 
other than the falling edge indicating that the controller has no 
conversions pending. 

A/D CONVERTER 

The analog input voltage range goes from - 5V to 4- 5V and the 
digital output coding is Offset Binary (see Table II). Twos 
complement coding can be obtained by inverting the MSB 
(Dll). 


Center of Code 
Voltage (V) 

Output Code 

-5.000000 

000 . . 

. 000 

-0.002441 

Oil . . 

. Ill 

0.000000 

100 . . 

. 000 

+ 4.997559 

Ill . . 

. Ill 


Table II. A/D Conversion Relationship 


Operational Description 

Analog signal information is converted to a 12-bit digital word 
by sampling the waveform and digitizing it using the successive- 
approximation conversion technique. Since the clock does not 
define the amount of time between samples, it need not be 
crystal controlled. Best performance will be obtained by operating 
the clock at the maximum 2.5MHz clock frequency. 


HIGH SPEED DIGITAL INTERFACE 

The AD 1334 completes the solution for A/D conversion in DSP 
applications by providing the system’s designer a direct, high 
speed parallel digital interface. The prime feature of this interface 
architecture is that it operates completely asynchronously from 
the A/D converter and therefore allows the AD 1334 to appear as 
“memory” to a microprocessor. 

The combination of fully asynchronous operation with respect 
to the A/D conversion process and fast data access time allows 
the AD 1334 user to upgrade to faster versions, or even different 
vendors, of DSP hardware without having to add synchronization 
or wait state logic. In addition, by virtue of hybrid circuit tech- 
nology, the user is not required to add external circuitry to 
prevent digital feedthrough into the analog section. 

The AD 1334 data transfer is accomplished by employing an 
interrupt driven architecture. Interrupts can be programmed by 
the microprocessor to be generated when the FIFO is full (32 
conversion results), half-full (16 conversion results) or after 
every conversion (FIFO is bypassed). The AD 1334 digital interface 
also includes an overrange detect circuit, which can generate an 
interrupt if the sampled analog input signal exceeds positive or 
negative full scale, to alert the system that a conversion result 
has been generated that will result in a nonlinearity in the sub- 
sequent signal processing. 

Operational Description 

The ADI 334 can interface directly to a microprocessor via standard 
data (DO - D13), address (AO) and control lines read (RD, WR, 
CS, IRQ and RST). 

Data Transfer 

The data lines DO - D13 are bidirectional I/O that are TTL 
compatible and have 4mA drive capability. The data lines are 
used to transfer control information into, and A/D conversion 
results with status information and channel identification out of 
the AD 1334. Address line AO is an input that is used to select 
as the data path either A/D conversion results with channel ID 
(A0 = 0) or the Control/Status Registers (A0= 1) and would 
typically be the least significant address bit in the system if the 
AD 1334 is “mapped” to adjacent memory locations. Chip Select 
(CS) is used to define a unique location in memory for the AD 1334 
and should be formed by decoding the upper address bits. Read 
(RD) and Write (WR) define the type of data transfer. 

Figures 17-22 illustrate how the AD 1334 interfaces to a number 
of popular single chip digital signal processors. 

Interrupts 

Interrupt Request (IRQ) is an open drain output that can be 
used to interrupt the processor o n any of the conditions pro- 
grammed in the control register. READY can be used in simul- 
taneous applications as an alternative processor interrupt signal 
as described above. In either case, the processor should be 
programmed to interrupt on the falling edge of its Interrupt 
Request input. 
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ADI 334 


+ 5V 



RESET 


Figure 17. ADSP-2100A to AD1334 Interface 


+ 5 V 



Figure 18. TMS320C25 to ADI 334 Interface 



Figure 19. DSP56000 to ADI 334 Interface 


Figure 20. DSP16 to ADI 334 Interface 


+ 5V 



RESET 


Figure 21. iiPD77230 to AD 1334 Interface 


+ 5V 



Figure 22. ZR34161 to ADI 334 Interface 
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FIFO Half-Full Interrupt 

The timing for interrupts that are generated when the FIF O is 
half-full is shown in Figures 23a and 23b. In both figures, IRQ 
becomes active when the 16th A/D conversion result is shifted 
into the FIFO. In Figure 23a, the processor responds immediately 
and a read cycle takes place before the next conversion cycle 
begins. Here, the completion of the read cycle shifts the 1st 
conversion result (which was just read by the processor) out of 
the FI FO, r eplaces it with the second conversion result and 
causes IRQ to become inactive since there are now 15 conversion 
results in the FIFO. 

In Figure 23b, the processo r doe s not respond before the next 
conversion cycle begins and IRQ becomes inactive. The FIFO 
continues to accept conversion results and the processor can 
read from the FIFO at any time so long as the FIFO has not 
overrun. 

This mode allows the AD 1334 to have a low interrupting priority 
since the processor has up to 17 additional A/D conversions 
before the FIFO overruns. Therefore, the processor will have 
up to 260 |xs to respond at the maximum sample rate of 65 kHz. 

16TH CONVERSION RESULT NEXT CONVERSION 
SHIFTED IN | | BEGINS 

cp-H kj J 

clkin JTJ _ LnJTJTJTJTJnj _ UTJTJnTlJTjnj _ lJT_ 



Figure 23a. Timing Diagram for Half-Full Interrupt (Read 
Before 17th Conversion Started) 


FIFO Full Interrupt 

The timing for interrupts that are generated when the FIFO is 
full is shown in Figures 24a and 24b. In both figures, IRQ 
becomes active when the 32nd A/D conversion result is shifted 
into the FIFO. In Figure 24a, the processor responds immediately 
and a read cycle takes place before the next conversion cycle 
begins. Here, the completion of the read cycle shifts the first 
conversion result (which was just read by the processor) out of 
the FI FO, replaces it with the second conversion result and 
causes IRQ to become inactive because there are now 31 conversion 
results in the FIFO. 

In Figure 24b, the processo r doe s not respond before the next 
conversion cycle begins and IRQ becomes inactive. The processor 
must read from the FIFO before the completion of the current 
conversion cycle or the FIFO will overrun. This mode maximizes 
the memory capability of the AD 1334 but requires a fairly high 
interrupting priority in the processor since the processor has 
only one A/D conversion before the FIFO overruns. Therefore, 
the processor will have only 15|xs to respond at the maximum 
sample rate of 65kHz. 

32ND CONVERSION RESULT NEXT CONVERSION 
SHIFTED IN . | BEGINS 

cp-H K-? I 

CLKIN 



(CS = 0, AO = 1) 

Figure 24a. Timing Diagram for Full Interrupt (Read 
Before 33rd Conversion Started) 


16TH CONVERSION RESULT NEXT CONVERSION CONVERSION RESULT 32ND CONVERSION RESULT NEXT CONVERSION CONVERSION RESULT 
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Figure 23b. Timing Diagram for Half-Full Interrupt (Read 
After 17th Conversion Started) 

Conversion Results Overrange Interrupt 
If the FIFO is used, the AD 1334 can be programmed to generate 
interrupts wh en ov erranged conversion results are shifted into 
the FIFO. If IRQ became active as a result of an overrange 
condition, the only way it can become inactive is to clear Bit 4 
of the control register. Typically, the user should clear the 
entire control register which will, in effect, remove the interrupt, 
reset the FIFO and disable the controller. 

Should the overrange interrupt capability be used, Status Register 
Bits 4 and 6 can be used to identify whether the interrupt occurred 
as a result of an overrange condition or FIFO half-full (or full). 

Single Conversion Interrupt (FIFO Bypassed) 

The timing for interrupts that are generated when the FIFO is 
bypassed is shown in Figures 15 and 16. Here, IRQ be come s 
active at the completion of each A/D conversion cycle. IRQ 
remains active, independent of the read cycle, until the next 
conversion cycle begins, which is a minimum of three clock 
perio ds (1.2ps with 2.5MHz clock). Data is valid so long as 
IRQ remains active. 


Figure 24b. Timing Diagram for Full Interrupt (Read 
After 33rd Conversion Started) 


This mode makes data available immediately after the conversion 
process has been completed and is therefore very similar to the 
operation of a conventional A/D converter if IRQ is taken to 
mean conversion STATUS. This mode is most useful when a 
single conversion result is necessary to adjust a system parameter, 
such as the gain of a PGA that may be in front of an AD 1334. 

Since IRQ will only be valid for only three A/D clock periods 
(1.2|as with a 2. 5 MHz clock), a high interrupting priority should 
be assigned by the processor. Should the single conversion 
result be necessary to adjust a system parameter as described 
above, it may be more efficient to “poll” the Status Register to 
determine when the conversion result is available. 

Operation Other Than with a Microprocessor 
The AD 1334 can be used in other than microprocessor environ- 
ments by groun ding pins 11, 12 and 29 ( CS, A O and RD), con- 
necting Pin 30 (WR) to Vdd and pulsing RST low. This will 
permanently enable the AD 1334 three-state outputs and clear 
the control register, causing the FIFO to be bypassed. 
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Multiple AD 1334s 

The architecture of the AD 1334 allows multiple devices to be 
used in a microprocessor based system. Figure 25 illustrates 
how four AD 1334s can be configured to simultaneously sample 
their analog inputs and reside in eight sequential locations in a 
microprocessor’s memory address space. The control register of 
each device should be programmed to interrupt on the same 
condition so that the same number of conversion results are 
available from all devices. 


CHAN 0 IN 
CHAN 1 1N 
CHAN 2 IN 
CHAN 3 IN 


CHAN 4 IN 
CHAN SIN 
CHAN 6 IN 
CHAN 7 IN 


CHAN 8 IN 
CHAN 9 IN 
CHAN 10 IN 
CHAN 11 IN 


CHAN 12 IN 
CHAN 13 IN 
CHAN 14 IN 
CHAN 15 IN 


2.5MHz 



Figure 25. Sixteen-Channel Simultaneous Sampling Sys- 
tem 

Floating Point Converter 

Figure 26 illustrates how to boost the dynamic range of the 
ADI 334 by including it in a floating point A/D converter ar- 
chitecture; The AD526 is a single-ended programmable gain 
amplifier with gains of 1,2, 4, 8 and 16. Here, four AD526s are 
“hardwired” into gains of 1,2,4 and 8 to extend the dynamic 
range of the AD 1334 to 15 bits. Fully differential inputs with 
gains up to 500 can be obtained by substituting the AD365 for 
the AD526. 

The AD 1334 is operated in simultaneous mode, with one AD526 
per channel. Upon receipt of a sample command, the four channels 
are sampled and converted. Table III summarizes the input 
voltage range for each channel. 


Channel 

Input 

Voltage Range 

0 

— 5Vto+5V 

1 

-2.5V to + 2.5V 

2 

-1.25Vto + 1.25 V 

3 

- 625mV to + 625mV 


Table III. 


For each group of four samples, a processor can be used to 
discard the three A/D conversion results that were not converted 
on the optimum range. The system shown can provide results at 
sample rates up to 28kHz. 



Figure 26. Fifteen-Bit Floating Point A/D Converter 

SUCCESSFULLY APPLYING THE AD1334 
Grounding 

In order to obtain the specified performance of the AD 1334, 
proper grounding and power supply decoupling techniques must 
be observed. First, it is imperative that a ground plane be used. 
A ground plane provides a low resistance, low inductance path 
for currents to flow back to their source. Without a ground 
plane, currents will return to the source in such a way as to 
minimize the energy of the system and therefore parasitic induc- 
tances will exist in such undesirable locations as power supply 
lines and signal grounds. 

Second, all three ground connections on the AD 1334 must be 
tied together to the ground plane. The AD 1334 APWR GND 
(Pin 9) carries the imbalance current from the analog power 
supplies (±Vs). APWR GND is also connected to the package 
seal ring/lid and therefore can cause coupling between the analog 
and digital sections if it is not tied directly to the ground plane. 

ASIG GND (Pin 8) is the signal ground internal to the AD 1334 
and is “common” for the — 5V reference, sample-and-hold 
amplifiers, multiplexer and A/D converter. The current that 
flows through this pin from the A/D converter is a dynamic 
current that changes on every clock cycle. Inductance in this 
trace will therefore cause a reduction in performance in the 
entire analog section. 

DGND (Pin 20) is a separate ground connection for the digital 
interface chip. It carries a dynamic current every time a digital 
output changes state, and inductance in the trace that connects 
to this pin will reduce the noise margin between the A/D converter 
and the digital interface chip. 
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Power Supply Decoupling 

The power supply decoupling capacitors supply the instantaneous 
current to the AD 1334 and also provide some high frequency 
filtering. The filtering aspect of the capacitors should not be 
counted on however, and the user should make every effort to 
supply quiet, well regulated power supplies to the AD 1334. 
Switching mode power supplies are not recommended for the 
analog power supplies ±Vs- 

Decoupling capacitors should be placed as close to the device as 
possible to minimize inductances in power supply traces. A 
2.2|xF (or greater) solid tantalum capacitor in parallel with a 
0.1 p,F ceramic capacitor should be used for decoupling each 
+ V S and - Vs- A 1.0|xF (or greater) solid tantalum capacitor 
should be used for decoupling V D d- 

Transmission Line Effects 

The digital interface has 10K ECL speed and with 15pF loading 
exhibits a typical edge rate of 1.4ns. High speed CMOS systems 
that incorporate the AD 1334 must use careful PCB layout and 
impedance matching techniques to reduce crosstalk and voltage 
reflections. 

Crosstalk 

The fast edge rates with large voltage swings of CMOS systems 
can result in capacitive and inductive coupling (crosstalk) between 
adjacent PCB signal traces and may compromise signal integrity 
and reduce noise margins. The effect can be most severe on 
data lines that are near “clocked” control lines, such as Read, 
Write and Chip Select lines, when they actually change their 
logic state as a result of crosstalk. 

To reduce crosstalk, the PCB layout should minimize long 
parallel traces. If this can not be avoided, clock lines should be 
shielded from data and address lines by running ground traces 
along side them. 

Voltage Reflections 

The gross impedance mismatch between high impedance CMOS 
inputs and low impedance CMOS outputs invites unwanted 


voltage reflections and “ringing” that can also compromise 
signal integrity and reduce noise margins. This level of mismatch 
causes a nearly equal and opposite negative pulse to be reflected 
back from the load to the source when the round trip delay of 
the line exceeds the rise or fall time of the driving signal. For a 
typical line delay of 0.055ns/cm with a 1.4ns edge rate, this 
translates to only 13cm (5 inches) for the AD 1334. Provided the 
signal lines are over a ground plane, this may never be a problem 
since the added capacitance will reduce the edge rate. 

The effect will be most severe on “clock” lines in synchronous 
systems such as Read, Write and Chip Select lines. For example, 
should the AD 13 34 Read control input (RD) be double clocked 
as a result of a reflection while in a read cycle, in most cases the 
digital interface chip will be fast enough to respond. If the 
FIFO is being read from, a second shift out will occur and A/D 
conversion results will be lost. 

Since CMOS output stages are not capable of delivering enough 
current to the load when a transmission line (PCB trace) is 
terminated in its characteristic impedance, series damping is 
recommended when reflections must be reduced or eliminated. 
Here, a small resistor (typically 100 to 750) is inserted in series 
with the transmission line as close to the source as possible. The 
goal is to match the series resistance plus driver output impedance 
to the transmission line impedance. This will keep the wave that 
is reflected back from the load to source from reflecting back to 
the load. 

The primary disadvantage of series termination is that due to 
the voltage divider formed by the source resistance and line 
impedance, the voltage at the input to the line is midway between 
logic levels during the two-way propagation delay time. This 
means that although any number of device inputs may be attached 
at the load end, other device inputs cannot be distributed along 
the transmission line. 

REFERENCES 

Cypress Semiconductor, CMOS Data Book, Cypress Semiconductor, 1987. 
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ANALOG 

DEVICES 


16-Channel, 12-Bit 
Data Acquisition System 


ADI 362 


FEATURES 

Pin and Functional Replacement for AD362: 

Lower Power Dissipation 

Lower Noise 

Internal Hold Capacitor 

16 Single-Ended or 8 Differential Channels with 
Switchable Mode Control 
True 12-Bit Precision: Nonlinearity <0.005% 

High Speed: IOjjis Acquisition Time to 0.01% 

Complete and Calibrated: No Additional Parts 
Required 

Versatile: Simple Interface to Popular Analog-to-Digital 
Converters 

High Differential Input Impedance (10 1o il) and 
Common Mode Rejection (80dB) 

Fully Protected Multiplexer Inputs 


AD1362 FUNCTIONAL BLOCK DIAGRAM 


DGND +5V + 15V -1SV AGND 


ANALOG 

INPUTS 
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CHI 

CH2 
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CHS 
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CHS 
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CH10 

CH11 

CH12 

CH13 

CH14 

CH15 



PRODUCT DESCRIPTION 

The AD 1362 is a complete, precision 16-channel data acquisition 
system. The device contains two 8-channel multiplexers, a dif- 
ferential amplifier, a sample-and-hold with high-speed output 
amplifier, a channel address latch and control logic. The multi- 
plexers may be connected to the differential amplifier in either 
an 8-channel differential or 16-channel single-ended configura- 
tion. A unique feature of the AD 1362 is an internal user- 
controllable analog switch that connects the multiplexers in 
either a single-ended or differential mode. This allows a single 
device to perform in either mode without hard-wire program- 
ming and permits a mixture of single-ended and differential 
sources to be interfaced by dynamically switching the input 
mode control. 

The sample-and-hold mode control is designed to connect 
directly to the “Status” output of an analog-to-digital converter 
so that a convert command to the ADC will automatically put 
the sample-and-hold into the “Hold” mode. An internal preci- 
sion hold capacitor is included with each AD 1362. The AD 1362 
output amplifier is capable of driving the unbuffered analog 
input of most high speed, 12-bit successive-approximation 
ADCs. The interface is thereby reduced to two simple connec- 
tions with no additional components required. 

The ADI 362 KD is specified for operation over a 0 to +70°C 
temperature range while the AD1362SD operates to specification 
from -55°C to + 125°C. Processing to MIL-STD-883, Class B 
is available for the AD1362SD. Both grades are packaged in a 
hermetic 32 -pin ceramic dual-in-line package. 


PRODUCT HIGHLIGHTS 

1. The AD 1362, when used with a precision analog to digital 
converter, forms a complete, accurate, high-speed data 
acquisition system. 

2. The 16-input channels may be configured in single-ended, 
differential or a mixture of both modes. Mode switching is 
provided by a user controllable internal analog switch. 

3. Multiplexers, differential amplifier, sample-and-hold and 
high-speed output buffer provide complete analog interfacing 
capabilities. 

4. Internal channel address latches are provided to facilitate 
interfacing the AD 1362 to data, address or control buses. 

5. The AD 1362 is specified over the entire military temperature 
range, -55°C to + 125°C. Processing to MIL-STD-883, Class 
B is available. 
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SPECIFICATIONS 


(typical @ +25°C, ±15V and +5V unless otherwise noted) 




AD1362KD 

AD1362SD 


Parameter 

Test Condition 

Min Typ Max 

Min Typ Max 

Units 

ANALOG INPUTS 





Input Voltage Range 

T mln to T max 

-10 +10 

★ ★ 

V 

Input Bias Current 

Per Channel 

±50 

★ 

nA 

Input Impedance 

On Channel 

10 

★ 

GO 



100 

★ 

pF 


Off Channel 

10 

★ 

GO 



10 

★ 

pF 

Input Fault Current 

Power Off or On 

20 

★ 

mA 

Common Mode Rejection 

Diff Mode, 1kHz, 20V p-p 

70 80 

★ ★ 

dB 

Mux Crosstalk, Any Off Ch 





to Any On Ch 

1kHz, 20V p-p 

-80 -90 

★ ★ 

dB 

Ch to Ch Offset 


±2.5 

★ 

mV 

ACCURACY 





Gain Error 

T min toT max 

±0.02 

★ 

% FSR 

Offset Error 

T„i„ to T max 

±4 

★ 

mV 

Linearity Error 

@ 25°C 

-h o.005 

* 

% 


T mi „ to T max 

±0.01 

★ 

% 

Noise Error 

25°C, 0.1 to 1MHz 

0.5 

★ 

mV p-p 


T mi „ to T max , 0.1 to 1MHz 

1.0 

★ 

mV p-p 

TEMPERATURE COEFFICIENTS 





Gain 

T mi „ to T max 

±4 

±2 

ppm/°C 

Offset 

± 10V Range, T nl ,„ to T max 

±2 

±1.5 

ppm/°C 

SAMPLE AND HOLD DYNAMICS 





Aperture Delay 


150 200 

★ ★ 

ns 

Aperture Uncertainty 


100 500 

★ ★ 

ps 

Acquisition Time 

20V Step to ±0.01% 

10 18 

★ ★ 

|XS 

Feedthrough 

1kHz 

-80 -70 

★ ★ 

dB 

Droop Rate 


1 2 

★ ★ 

mV/ms 

Pedestal Voltage 


-15 11 +15 

★ ★ ★ 

mV 

POWER SUPPLY REQUIREMENTS 





+ V, Analog Voltage 


+ 14.25 +15.75 

★ ★ 

V 

-V, Analog Voltage 


-14.25 -14.75 

★ ★ 

V 

+V, Digital Voltage 


+4.75 +5.25 

★ ★ 

V 

+ V, Analog Current 


30 

★ 

mA 

-V, Analog Current 


30 

★ 

mA 

+V, Digital Current 


40 

★ 

mA 

Total Power Dissipation 


0.5 1.1 

★ 

W 

TEMPERATURE RANGE 





Specification 


0- +70 

-55 +125 

°C 

Storage 


-55 +85 

-55 +150 

°C 


DIGITAL INPUT SIGNALS 


Signal 

Pins 

TTL 1 

Loads 

Logic High 

Logic Low 

Input Channel Select 

28-31 

1LS 

(4-Bit Binary Address) 

Channel Select Latch 

32 

8LS 

Transparent 

Latched 

Single Ended/Diff Mode Select 

1 

3LS 

Differential 

Single Ended 

Sample-and-Hold Command 

13 

2LS 

Hold 

Sample 


NOTE 

'One TTL Load is defined as I IL =- 1.6mA max @ V IL =0.4V, I IH =40|xA max @ V 1H =2.4V. One LSTTL Load is defined as I 1L = -0.36mA @ V 1L =0.4V, 
I m =20|xA max @ V IH =2.7V. 

^Specifications same as AD1362KD. 
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ABSOLUTE MAXIMUM RATINGS 

+V, Digital Supply 

+V, Analog Supply 

-V, Analog Supply 


AD1362 PIN ASSIGNMENT 


+5.5V V IN , Signal . . . ±V Analog Supply 

. + 17V V IN , Digital 0 to +V, Digital Supply 

.-17V AGND to DGND ±1V 


SINGLE/DIFF CONTROL 
DGND 
+ 5V 
CH7 
CH6 
CH5 
CH4 
CH3 
CH2 
CHI 
CHO 

NO CONNECT 
SHA CMD 
OFFSET ADJUST 
OFFSET ADJUST 
ANALOG OUTPUT 


[I 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 


LATCH SELECT 


3 

!7| A2 

*30*[ A1 
17] AO 
IT) AE 
17] CH8 (0) 
17] CHS (1) 
17] CH10 (2) 
17] CH11 (3) 

17] CH12 (4) 
17] CH13 (5) 

B 
3 - 
3 

17~1 CH15 (7) 
17] AGND 


[ + 15V 
-15V 
I CH14 (6 


! 

Function 

Number 

Description 

Single/Diff Control 

1 

Mode Select, Differential or Single Ended 

DGND 

2 

Digital Ground 

+ 5V 

3 

Digital Power Supply, +5V dc 

Ch 7 

4 

“High” Analog Input Channel 7 

Ch 6 

5 

“High” Analog Input Channel 6 

Ch 5 

6 

“High” Analog Input Channel 5 

Ch 4 

7 

“High” Analog Input Channel 4 

Ch 3 

8 

“High” Analog Input Channel 3 

Ch 2 

9 

“High” Analog Input Channel 2 

Ch 1 

10 

“High” Analog Input Channel 1 

ChO 

11 

“High” Analog Input Channel 0 

NC 

12 

No Connect 

SHA Cmd 

13 

Sample/Hold Control Input to SHA 

Offset Adjust 

14 

Offset Adjustment Input #1 

Offset Adjust 

15 

Offset Adjustment Input #2 

Analog Output 

16 

Analog Output to ADC 

AGND 

17 

Analog Ground 

Ch 15 

18 

“High” (“Low”) Analog Input Channel 15 (7) 

Ch 14 

19 

“High” (“Low”) Analog Input Channel 14 (6) 

-15V 

20 

Negative Analog Power Supply -15V dc 

+ 15V 

21 

Positive Analog Power Supply +15V dc 

Ch 13 

22 

“High” (“Low”) Analog Input Channel 15 (5) 

Ch 12 

23 

“High” (“Low”) Analog Input Channel 14 (4) 

Ch 11 

24 

“High” (“Low”) Analog Input Channel 13 (3) 

Ch 10 

25 

“High” (“Low”) Analog Input Channel 12 (2) 

Ch 9 

26 

“High” (“Low”) Analog Input Channel 11 (1) 

Ch 8 

27 

“High” (“Low”) Analog Input Channel 10 (0) 

AE 

28 

Input Channel Address MSB 

AO 

29 

Input Channel Address Bit 0 

A1 

30 

Input Channel Address Bit 1 

A2 

31 

Input Channel Address Bit 2 

Latch Select 

32 

Channel Select Latch Control Input 
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FUNCTIONAL DESCRIPTION 

The AD 1362 consists of two 8-channel multiplexers, a differen- 
tial amplifier, a sample-and-hold with high speed output buffer, 
channel address latches and control logic as shown in the block 
diagram. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel single- 
ended configuration. A unique feature of the AD 1362 is an 
internal analog switch controlled by a digital input that performs 
switching between single-ended and differential modes. This 
feature allows a single AD 1362 to perform in either mode with- 
out external hard- wire interconnections. Of more significance is 
the ability to serve a mixture of both single-ended and differen- 
tial sources with a single AD 1362 by dynamically switching the 
input mode control. 


DGND +5V + 15V -15V AGND 



Multiplexer channel address inputs are interfaced through a 
level-triggered (“transparent”) input register. With a Logic “1” 
at the Latch Select input, the address signals feed through the 
register to directly select the appropriate input channel. This 
address information can be held in the register by placing a 
Logic “0” on the Latch Select input. Internal logic monitors the 
status of the Single-Ended/Differential Mode input and 
addresses the multiplexers accordingly. 

A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and single- 
ended modes. 

The sample-and-hold is a high speed device that can also func- 
tion as a gated operational amplifier. Its uncommitted differen- 
tial inputs allow it to serve a second role as the output subtrac- 
tor in the differential amplifier. A Logic “1” on the Sample- 
and-Hold Command input will cause the sample-and-hold to 
“freeze” the analog signal while the ADC performs the conver- 
sion. Normally the Sample-and-Hold Command is connected to 
the ADC Status output which is at Logic “1” during conversion 
and Logic “0” between conversions. For slowly changing 
inputs, throughput speed may be increased by grounding the 
Sample-and-Hold Command input instead of connecting it to 
the ADC status. 

The output buffer is a high speed amplifier whose output 
impedance remains low and constant at high frequencies. There- 
fore, the AD 1362 may drive a fast, unbuffered, precision ADC 
without loss of accuracy. 


THEORY OF OPERATION 
Concept 

The AD 1362 is intended to be used in conjunction with a high 
speed, precision analog-to-digital converter to form a complete 
data acquisition system (DAS). Figure 1 shows a general 
AD 1362 with ADC DAS application. 


By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design is 
optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard con- 
figuration packages plug into standard sockets and are easier to 
handle than larger packages with higher pin counts. 


DC POWER 


o 

O 

< 

z 

< 



SELECT 


\ 

B1 MSB 

B2 

B3 


B4 


B7 

B8 

B9 


BIO < 
B11 t 
B12 LSB 5 


STATUS 




Figure 1. ADI 362 with ADC as a Complete Data Acquisition System 
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System Timing 

Figure 2 is a timing diagram for the AD 1362 connected as 
shown in Figure 1 and operating at maximum conversion rate. 
The ADC is assumed to be a conventional 12-bit type such as 
the AD573 or AD ADC80. 


NOTE 

Valid Output Data 

Not all ADCs have all data bits available when Status indicates 
that the conversion is complete. Some successive approximation 
ADCs must have a Status delay built in or the final data bit will 
lag Status. This will result in two problems: 


ADDRESS MAY BE CHANGED 


ADDRESS 


ADDRESS 

LATCH 


CONVERT 

COMMAND 


STATUS 

(SAMPLE-HOLD) 


GATED CLOCK 



1 . The sample-and-hold will return to Sample, disturbing the 
analog input to the ADC as it is attempting to convert the 
least significant bit. This may result in an error. 

2. If the falling edge of Status is being used to load the data 
into a register, the least significant bit will not be valid when 
loaded. 

An external delay or use of an ADC with a valid Status output 
is necessary to prevent this problem. 

Single-Ended/Differential Mode Control 
The AD 1362 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended or 
8-channel differential mode. This switch is controlled by a TTL 
logic input applied to Pin 1: 


Figure 2. DAS Timing Diagram 

The normal sequence of events is as follows: 

1 . The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is “busy” by placing a Logic “1” 
on its Status Line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is “busy,” the sample-and-hold is in the Hold mode. 

4. The ADC goes into its conversion routine. Since the sample- 
and-hold is holding the proper analog value, the address may 
be updated during conversion. Thus multiplexer settling time 
can coincide with conversion and need not affect throughput 
rate. 


“0”: Single-Ended (16 channels) 

“1”: Differential (8 channels) 

When in the differential mode, a differential source may be 
applied between corresponding “High” and “Low” analog input 
channels. 


It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output to settle to within 
±0.01% of its final value, but if the mode is switched concur- 
rent with changing the channel address, no significant additional 
delay is introduced. The effect of this delay may be eliminated 
by changing modes while a conversion is in progress (with the 
sample-and-hold in the “Hold” mode). When SE and DIFF 
signals are being processed concurrently, the DIFF signals must 
be applied between corresponding “High” and “Low” analog 
input channels. Another application of this feature is the capa- 
bility of measuring 16 sources individually and/or measuring 
differences between pairs of those sources. 



5. The ADC indicates completion of its conversion by returning 
Status to Logic “0.” The sample-and-hold returns to the 
Sample mode. 

6. If the input signal has changed full scale (different channels 
may have widely- varying data), the sample-and-hold will typ- 
ically require 10 microseconds to “acquire” the next input to 
sufficient accuracy for 12-bit conversion. 

After allowing a suitable interval for the sample-and-hold to sta- 
bilize at its new value, another Convert Start command may be 
issued to the ADC. 


Input Channel Addressing 

Table I is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding digi- 
tal number to the four Channel Select address bits, AE, A0, Al, 
A 2 (Pins 28-31). In the differential mode, the eight channels are 
addressed by applying the appropriate digital code to A0, Al, 
and A2; AE must be enabled with a Logic “1.” Internal logic 
monitors the status of the SE/DIFF Mode input and addresses 
the multiplexers singularly or in pairs as required. 
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ADDRESS 

AE A2 A1 

A0 

ON CHANNEL 

Single Ended ‘ 

Differential 
‘Hi” “Lo” 

0 

0 

0 

0 

0 

None 

0 

0 

0 

1 

1 

None 

0 

0 

1 

0 

2 

None 

0 

0 

1 

1 

3 

None 

0 

1 

0 

0 

4 

None 

0 

1 

0 

1 

5 

None 

0 

1 

1 

0 

.6 

None 

0 

1 

1 

1 

7 

None 

1 

0 

0 

0 

8 

0 0 

1 

0 

0 

1 

9 

1 1 

1 

0 

1 

0 

10 

2 2 

1 

0 

1 

1 

11 

3 3 

1 

1 

0 

0 

12 

4 5 

1 

1 

0 

1 

13 

5 5 

1 

1 

1 

0 

14 

6 6 

1 

1 

1 

1 

15 

7 7 


Table I. Input Channel Addressing Truth Table 

When the channel address is changed, six microseconds must be 
allowed for the AD 1362 to settle to within ±0.01% of its final 
output (including settling times of all elements in the signal 
path). The effect of this delay may be eliminated by performing 
the address change while a conversion is in progress (with the 
sample-and-hold in the “Hold” mode). 

Input Channel Address Latch 

The AD 1362 is equipped with a latch for the input Channel 
Select address bits. If the Latch Select pin is at Logic “1,” 
input channel select address information is passed through to 
the multiplexers. A Logic “0” “freezes” the input channel 
address present at the inputs at the “l”-to-“0” transition (level- 
triggered). 

This feature is useful when input channel address information is 
provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an address 
is helpful whenever the user has no control of when address 
information may change. 

Sample-and-Hold Mode Control 

The Sample-and-Hold Mode Control input is normally 
connected to the Status output from an analog to digital con- 
verter. When a conversion is initiated by applying a Convert 
Start command to the ADC, Status goes to Logic “1” putting 
the sample-and-hold into the “Hold” mode. This “freezes” the 
information to be digitized for the period of conversion. When 
the conversion is complete, Status returns to Logic “0” and the 
sample-and-hold returns to the “Sample” mode. Eighteen 
microseconds must be allowed for the sample-and-hold to 
acquire (“catch up” to) the analog input to within ±0.01% of 
the final value before a new Convert Start command is issued. 

The purpose of a sample-and-hold is to “stop” fast changing 
input signals long enough to be converted. In this applicataion, 
it also allows the user to change channels and/or SE/DIFF mode 
while a conversion is in progress thus eliminating the effects of 
multiplexer, analog switch and differential amplifier settling 
times. If maximum throughput rate is required for slowly 
changing signals, the Sample-and-Hold Mode Control may be 
wired to ground (Logic “0”) rather than to ADC Status thus 
leaving the sample-and-hold in a continuous Sample mode. 


Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AD 1362 may be adjusted, 
that adjustment is normally performed at the ADC. In some 
special applications, however, it may be helpful to adjust the 
offset of the Data Acquisition System. An example of such a 
case would be if the input signals were small (<10mV) relative 
to AD 1362 offset and gain errors. To adjust the offset of the 
AD 1362, the circuit shown in Figure 3 is recommended. 



Figure 3. ADI 362 Offset Voltage Adjustment 

Under normal conditions, all calibration is performed at the 
ADC Section. 

Other Considerations 

Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing in 
the analog ground circuit and inducing spurious analog signal 
noise. Analog Ground and Digital Ground are not connected 
internally; these pins must be connected externally for the sys- 
tem to operate properly. Preferably, this connection is made at 
only one point, as close to the AD 1362 as possible. The case is 
connected internally to Digital Ground to provide good electro- 
static shielding. If the grounds are not tied common on the same 
card with the AD 1362, the digital and analog grounds should be 
connected locally with back-to-back general-purpose diodes as 
shown in Figure 4. This will protect the AD 1362 from possible 
damage caused by voltages in excess of ± 1 volt between the 
ground systems which could occur if the key grounding card 
should be removed from the overall system. The device will 
operate properly with as much as ±200mV between grounds; 
however, this difference will be reflected directly as an input 
offset voltage. 



AD1362 


ADC 


DGND 

AGND 



DGND 

AGND 

TO 

CARD 

CONNECTOR 

1 

1 

IN914 
l OR 

EQUIVALENT 


Figure 4. Ground-Fault Protection Diodes 
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Power Supply Bypassing: The ±15V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. One 
microfarad tantalum types are recommended; these capacitors 
should be located close to the system. It is not necessary to 
shunt these capacitors with disk capacitors to provide additional 
high frequency power supply decoupling since each power lead 
is bypassed internally with a 0.039/xF ceramic capacitor. 

Interfacing to Popular Analog to Digital Converters 

The AD 1362 has been designed to interface directly to most 
analog to digital converters; often no additional components are 
required and only two interconnections must be made. The 
direct interface requirements for the ADC are as follows: 

1. The ADC Status output must be positive-true Logic (“1” 
during conversion). 

2. Transition from “0” to “1” must occur at least 200ns before 
the most significant bit decision is made (successive approxi- 
mation ADC) or before input integration starts (integrating 
type ADC). 

3. Status must not return to “0” before the LSB decision is 
made. 


Complete system throughput performance is determined by 
combining the worst-case specifications of the AD 1362 and the 
ADC. If guaranteed system performance is required, the AD363 
and AD364 are recommended. The AD363 includes an AD 1362 
and an AD572 12-bit, 2 5 -microsecond precision ADC. The 
AD364 consists of an AD 1362 and an AD574 12-bit, micro- 
processor compatible, low cost ADC. Each is specified as a 
complete, two-package system. 

Figure 5a shows the AD 1362 driving an AD ADC80. The 
AD ADC80 is a 12-bit, 2 5 -microsecond, low cost ADC that 
meets all of the requirements listed above. Throughput rate is 
typically 30kHz with no missing codes over the operating tem- 
perature range. 

Figure 5b shows a 10-bit application based on the AD 1362 and 
the AD573, a complete low cost 10-bit, 25-microsecond ADC. 

In this case, one of the above requirements is not met: 

1. DR (DATA READY), as Status, is positive-true, but . . . 

2. DR does not indicate that a conversion is in progress until 
1.5|xs after conversion starts. 

The gating provided by U1 allows the applied convert command 
(CC) to initiate input hold at the AD1362. CC must last for 
more than 1.5|xs so that DR may then assume control of Hold. 


4. If Status is being used to latch output data, it must not 


DC POWER 



REGISTER) 


DATA 

BITS 

OUT 

( 10 ) 


a. 12-Bit DAS Using AD 1362 and AD ADC80 


b. 10-Bit Using AD 1362 and AD573 


Figure 5. Data Acquisition Systsems Based on the ADI 362 and Popular ADCs 
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ANALOG 

DEVICES 


14-Bit & 15-Bit Sampling 
Analog-to-Oigital Converters 


DAS1 1 52/DAS1 1 53 


FEATURES 

Complete with High Accuracy Sample/Hold and 
A/D Converter 

Differential Nonlinearity: ±0.002% FSR max 
(DAS1153) 

Nonlinearity: DAS1152: ±0.005% FSR max 
DAS1153: ±0.003% FSR max 
Low Differential Nonlinearity T.C.: ±2ppm/°C max 
High Throughput Rate: 25kHz min (DASH 52) 

High Feedthrough Rejection: -96dB 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain & Offset Potentiometers 
Improved Second Source to A/D/A/M 824 and 
A/D/A/M 825 Modules 
APPLICATIONS 

Process Control Data Acquisition 
Automated Test Equipment 
Seismic Data Acquisition 
Nuclear Instrumentation 
Medical Instrumentation 
Robotics 

GENERAL DESCRIPTION 

The DAS1152/DAS1153 are 14-/15-bit sampling analog-to-digital 
converters having a maximum throughput rate of 25kHz/20kHz. 
They provide high accuracy, high stability, and functional 
completeness all in a 2" x 4" x 0.44" metal case. 

Guaranteed high accuracy system performance such as nonlinearity 
of ±0.005% FSR (DAS 1 1 52)/ ± 0.003% FSR (DAS1153) and 
differential nonlinearity of ±0.003% FSR (DAS1 152)/ ±0.002% 
FSR (DAS 1153) are provided. Guaranteed stability such as 
differential nonlinearity T.C. of ± 2ppm/°C (DAS 1153) maximum, 
zero T.C. of ±80|jlV/ o C maximum, gain T. C. of ±8ppm/°C 
maximum and power supply sensitivity of ±0.001% FSR/% Vs 
are also provided by the DAS 11 52/DAS 11 53. 


DAS1152/DAS1153 FUNCTIONAL BLOCK DIAGRAM 



*S/H INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE/HOLD AMPLIFIER IS USED 


The DAS11 52/DAS 1153 make extensive use of both integrated 
circuit and thin film components to obtain their excellent 
performance, small size, and low cost. The devices contain a 
precision sample/hold amplifier, high accuracy 14-/ 15 -bit analog- 
to-digital converter, tri-state output buffers, internal gain and 
offset trim potentiometers, and power supply bypass capacitors 
(as shown in Figure 1). 

Four analog input voltage ranges are selectable via user pin 
programming: 0 to + 5V, 0 to + 10V, ± 5V, and ± 10V. Uni- 
polar coding is provided in true binary format with bipolar 
coding displayed in offset binary and two’s complement. 
Tri-state buffers provide easy interface to bus structured 
applications. 
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(typical @ +25°C unless otherwise noted) 


MODEL 

DAS1152 

DAS1153 

RESOLUTION 

14 Bits 

15 Bits 

DYNAMIC PERFORMANCE 



Throughput Rate 

25kHz min 

20kHzmin 

Conversion Time 

35|as max 

44\is max 

S/H Acquisition Time 

4 fits max 

5|ls max 

S/H Aperture Delay 

50ns 

★ 

S/H Aperture Uncertainty 

Ins 

★ 

Feedthrough Rejection 1 

-96dB 

* 

Droop Rate 

0.05(xV/(jls (0. 1 p-V/p-s max) 

* 

Dielectric Absorption Error 

± 0,005% of Input Voltage Change 

* 

ACCURACY 



Integral Nonlinearity 2 

± 0.005% FSR 3 max 

±0.003% FSR 3 max 

Differential Nonlinearity 

± 0.003% FSR 3 max 

±0.002% FSR 3 max 

No Missing Codes 

Guaranteed 

* 

±3<r Noise (S/H plus A/D) 

75p,V rms 

* 

±3ct Noise (A/D) 

50p.V rms 

* 

STABILITY 



Differential Nonlinearity T.C. 

± 2ppm/°C max 

* 

GainT.C. 

± 8ppm/°C max 

* 

Zero T.C. 

± 30|xV/°C typ, ± 80p,V/°C max 

* 

Power Supply Sensitivity 

± 0.001% FSR 3 /%V s 

* 

ANALOG INPUT 



Voltage Range 



Bipolar 

± 5V, ± 10V 

* 

Unipolar 

Oto +5V,0to 4- 10V 

* 

ADC Input Impedance 0 to + 5 V 

2.5kfl 

* 

Oto + 10V, ±5V 

5kfl 

* 

±10V 

lO.Oka 

* 

S/H Input Impedance 

100Mfl|5pF 

it 

DIGITAL INPUTS 



Convert Command 4 

1TTL Load, Positive Pulse 

it 


Negative Edge T riggered 

it 

S/H Control 

HOLD = Logic 0 

* 


SAMPLE = Logic 1 

it 

Low Enable, High Enable 

ENABLE = Logic 0 

it 

DIGITAL OUTPUTS 



Parallel Data Outputs 



Unipolar 

Binary 

* 

Bipolar 

Offset Binary , 2’s Complement 

* 

Output Drive 

2TTL Loads 

* 

Status 

Logic “1” During Conversion 

★ 

Output Drive 

2TTL Loads 

it 

INTERNAL REFERENCE VOLTAGE 

+ 10V, ±0.3% 

* 

External Load Current (Rated Performance) 

2mA max 

it 

Temperature Stability 

± 5ppm/°C max 

* 

POWER REQUIREMENTS 



Rated Voltages 

± 15V (±3%), + 5V(±5%) 


Operating Voltages 5 

± 12V to + 17V, + 4.75V to + 5.25V 

* 

Supply Current Drain ± 15V 

± 37 mA 

* 

+ 5V 

80mA 

* 

TEMPERATURE RANGE 



Specified 

0 to + 70°C 

it 

Operating 

- 25°C to + 85°C 

* 

Storage 

- 25°C to + 85°C 

* 

Relative Humidity 

Meets MIL-STD-202E, Method 103B 

* 

Shielding 

Electrostatic (RFI) 6 Sides, 

* 


Electromagnetic (EMI) 5 Sides 

★ 

SIZE 

2" x 4" x 0.44" Metal Package 

* 


NOTES 

•Specifications same as DAS1152 

'Measured in hold mode, input 20V pk-pk (d 10kHz. 

2 Worst-case summation of S/H and A/D nonlinearity errors. 

3 FSR means Full Scale Range. 

“When connecting the Convert Command and the S/H control terminals together, the pulse width must be long enough for the S/H 
amplifier to acquire the input signal to the required accuracy 4p.s (max, DAS1152)/5jxs (max, DASU53). If the A/D converter 
is only used, the Convert Command pulse width should be 100ns min (see Figure 2). 

5 If only the ADC portion is used, the operating power supply voltage can be maintained at ± 12V to ± 17V. But if the S/H section is 
required, the operating voltage must be maintained at ± 15V (±3%) or the S/H input voltage must be limited to -7V 
to + 10V for a ± 12V supply voltage. 

6 Recommended Power Supply: Analog Devices Model 923. 

Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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Applying the DAS 11 52/ DAS 11 53 


OPERATION 

The DAS 1 152/DAS 1 153 are functionally complete data acquisition 
subsystems being fully characterized as such. All the necessary 
data acquisition and microprocessor interface elements are 
provided internal to these devices. Accuracy and performance 
criteria are tested and specified for the entire system. Thus, 
design time and associated high accuracy problems are minimized 
because layout and component optimization have already been 
performed. 

For operation, the only connections necessary to the DAS 11 52/ 
DAS1153 are the ± 15V and +5V power supplies, analog input 
signal, trigger pulse, and the HI-ENABLE/LO-ENABLE tri- 
state controls. Analog input and digital output programming are 
user selectable via external jumper connections. 

ANALOG INPUT SECTION 

The analog input can be applied to just the A/D converter or to 
the internal sample/hold amplifier ahead of the A/D converter. 
When using just the A/D converter, apply the analog input per 
the voltage range pin programming shown in Table I. When 
using the sample/hold amplifier in conjunction with A/D con- 
verter, apply the analog input to the S/H INPUT terminal and 
connect the S/H OUTPUT terminal to the appropriate A/D 
converter analog input. 


Analog Voltage 

Connect 

Connect 

Connect 

Input 

Vi N or S/H Out 

Analog Common 

Ref Out 

Range 

To 

To 

To 

Oto +5V 

ANA INI, 

ANA IN 2, 

ANA IN 3 

Ground 

NC* 

Oto + 10V 

ANA IN 2 

Ground 

NC* 


ANA IN 3 

ANA INI 


±5V 

ANA INI 

Ground, 

ANA IN 3 

ANA IN 2 

±10V 

ANA IN 3 

Ground, 

ANA INI 

ANA IN 2 

*No Connection 





Table I. Analog Input Pin Programming 

Errors due to source loading are eliminated since the sample/hold 
amplifier is a high-impedance unity-gain amplifier. High 
feedthrough rejection is provided for either single-channel or 
multichannel applications. Feedthrough rejection can be 
optimized, in multichannel applications, by changing channels 
at the rising or falling edge of the S/H control pulse. 


i 

L 



Figure 2. Analog Input Block Diagram 


TIMING DIAGRAM 

The timing diagram for the DAS 11 52/DAS 11 53 is illustrated in 
Figure 3. This figure also includes the sample/hold amplifier 
acquisition time. 

If the sample/hold amplifier is required, the TRIGGER input 
and S/H CONTROL terminal can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the sample/hold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 4|xs (DAS 1 1 52)/5 |xs 
(DAS 1153) to insure accuracy is attained. If the sample/hold 
amplifier is not used, the trigger pulse needs to be only 100ns 
(min) in length to satisfy the A/D converter trigger requirements. 
At the falling edge of the trigger pulse, the sample/hold 
amplifier is placed in the hold mode, the A/D conversion 
begins, and all internal logic is reset. Once the conversion 
process is initiated, it cannot be retriggered until after the end 
of conversion. 

With this negative edge of the trigger pulse the MSB is set low 
with the remaining digital outputs set to logic high state, and 
the status line is set high and remains high through the full 
conversion cycle. During conversion each bit, starting with the 
MSB, is sequentially switched low at the rising edge of the 
internal clock. The DAC output is then compared to the analog 
input and the bit decision is made. Each comparison lasts one 
clock cycle with the complete 14-/15-bit conversion taking 35|xs/ 
44|xs maximum for the DAS 11 52/DAS 11 53 respectively. At this 
time, the STATUS line goes low signifying that the conversion 
is complete. For microprocessor bus applications, the digital 
output can now be applied to the data bus by enabling the tri- 
state buffers. For maximum data throughput, the digital output 
data should be read while the sample/hold amplifier is acquiring 
the new analog input signal. 
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NOTES 

(///fo 1 Output Data Valid. 

* 2. If S/H Control and Trigger are tied together. Pulse Width 

must be 4ps (DAS1152)/5ps (DAS1153) min to allow the S/H 
Amplifier to acquire the Input Signal. If the ADC is only 
used, the Trigger Pulse must be 100ns min. 


Figure 3. DAS 1 1 52/DAS 1 1 53 Timing Diagram 


DATA ACQUISITION SUBSYSTEMS 9-75 








GAIN AND OFFSET ADJUSTMENT 

The DAS 11 52/DAS 1153 contain internal gain and offset 
adjustment potentiometers. Each potentiometer has ample 
adjustment range so that gain and offset errors can be trimmed 
to zero. 

Since offset calibration is not affected by changes in gain 
calibration, it should be performed prior to gain calibration. 
Proper gain and offset calibration requires great care and the 
use of extremely sensitive and accurate reference instruments. 
The voltage standard used as a signal source must be very stable 
and be capable of being set to within ± 1/10LSB of the desired 
value at any point within its range. 

OFFSET CALIBRATION 

For a 0 to + 10V unipolar range set the input voltage precisely 
to + 305|xV for the DAS1152 and + 153|xV for the DAS1153. 
For a 0 to + 5V unipolar range set the input to + 153p.V for the 
DAS 1152 and +76 |jlV for the DAS 1153. Then adjust the zero 
potentiometer until the converter is just on the verge of 
switching from 000 000 to 000 001. 

For the ± 5 V bipolar range set the input voltage precisely to 
+ 305|xV for the DAS1152 and + 153|xV for the DAS 1153. For 
a ± 10V bipolar range set the input voltage precisely to + 610 |jlV 
for the DAS 1152 and + 305p,V for the DAS1153. Adjust the 
zero potentiometer until the offset binary coded units are just 

on the verge of switching from 000 000 to 000 001 

and the two’s complement coded units are just on the verge of 
switching from 100 000 to 100 001. 

GAIN CALIBRATION 

Set the input voltage precisely to 4- 9.99909V (DAS 11 52)/ 

+ 9.99954V (DAS 1153) for the 0 to + 10V units, + 4.99954V 
(DAS1 152)/ + 4.99977V (DAS1153) for 0 to +5V units, 

+ 9.99817V (DAS 1 1 52)/ + 9.99909V (DAS1153) for ± 10V 
units, or +4.99909V (DAS1 152)/ + 4.99954V (DAS1153) for 
± 5V units. Note that these values are 1 l/2LSBs less than 
nominal full scale. Adjust the gain potentiometer until binary 
and offset binary coded units are just on the verge of switching 

from 11 10 to 11 11 and two’s complement coded units 

are just on the verge of switching from 011 10 to Oil 11. 

DAS 11 52/DAS 11 53 INPUT/OUTPUT RELATIONSHIPS 

The DAS 1152/DAS 1153 produces a true binary coded output 
when configured as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two’s complement 
output codes. The most significant bit ( MSB) i s used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two’s complement coding. Table II shows the DAS 11 52/DAS 11 53 
unipolar analog input/digital output relationships. Tables III 
and IV show the DAS 11 52/DAS 11 53 bipolar analog input/digital 
output relationships. 


NOMINAL BIPOLAR INPUT-OUTPUT RELATIONSHIPS 


ANALOG INPUT 

0to+5VRange Oto+lOVRange 


DAS1152 

4- 4.99969V 
4- 2.50000V 
+ 0.62500V 
4- 0.0003V 
+ 0.0000V 


DAS1153 

4- 4.99984V 
4- 2.50000V 
+ 0.62500V 
4- 0.00015V 
4-0.0000V 


DAS1152 

4- 9.99939V 
+ 5.0000V 
4- 1.25000V 
4- 0.0006V 
4-O.OOOOV 


DAS1153 
4- 9.99969V 
4- 5.00000V 
4- 1.25000V 
4- 0.0003V 
4-0.0000V 


DIGITAL OUTPUT 
Binary Code 


DAS1152 
11 111 111 111 111 
10 000 000 000 000 
00 100 000 000 000 
00 000 000 000 001 
00 000 000 000 000 


DAS1153 

111 111 111 111 111 
100 000 000 000 000 
001 000 000 000 000 
000 000 000 000 001 
000 000 000 000 000 


Table II. Unipolar Input/Output Relationships 


Analog Input 

±5V Range ±10V Range 


Digital Output 

Offset Binary Code Two’s Complement Code 


4- 4.99939V 
4- 2.50000V 
4- 0.00061V 
+ 0.00000V 
-5.00000V 


4- 9.99878V 
4- 5.0000V 
4- 0.00122V 
4- 0.00000V 
- 10.00000V 


11 111 111 111 111 
1 1 000 000 000 000 
10 000 000 000 001 
10 000 000 000 000 
00 000 000 000 000 


01 111 111 111 111 
01 000 000 000 000 
00 000 000 000 001 
00 000 000 000 000 
10 000 000 000 000 


Table III. DASl 152 Bipolar Input/Output Relationships 


Analog Input 

± 5V Range ± 10V Range 


Digital Output 

Offset Binary Code Two’s Complement Code 


+ 4.99969V 4- 9.99939V 

+ 2.50000V 4- 5.0000V 

4- 0.0003V 4-0. 00061 V 

4-O.OOOOOV 4-0.00000V 

-5.00000V -10.00000V 


111 111 111 111 111 
110 000 000 000 000 
100 000 000 000 001 
100 000 000 000 000 
000 000 000 000 000 


Oil 111 111 111 111 
010 000 000 000 000 
000 000 000 000 001 
000 000 000 000 000 
100 000 000 000 000 


Table IV. DASl 153 Bipolar Input/Output Relationships 
TRI-STATE DIGITAL OUTPUT 

The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE 
terminals. If the tri-state feature is not required, normal digital 
outputs can be obtained by connecting the enable pins to 
ground. 

POWER SUPPLY AND GROUNDING CONNECTIONS 

Although the analog power ground and the digital ground are 
connected in the DASl 152/DAS1 153, care must still be taken to 
provide proper grounding due to the high accuracy nature of 
these devices. Though only general guidelines can be given, 
grounding should be arranged in such a manner as to avoid 
ground loops and to minimize the coupling of voltage drops (on 
the high current carrying logic supply ground) to the sensitive 
analog circuit sections. Analog and digital grounds should 
remain separated on the PC board and terminated at the 
respective DAS 11 52/DAS 11 53 terminals. 

No power supply decoupling is required since, the DAS 11 52/ 
DAS 1153, contain high quality tantalum capacitors on each of 
the power supply inputs to ground. 
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ANALOG Low Power 14-Bit 15-Bit & 16-Bit 
DEVICES Sampling Analog-to- Digital Converters 

DAS1 1 57/DAS1 1 58/DAS1 1 59 


FEATURES 

Complete with High Accuracy Sample/Hold and 
A/D Converter 

Low Power Consumption: 650mW max, V s = ±15V 
Rated Performance: - 25°C to +85°C 
Low Nonlinearity (DAS1158 and DAS1159) 
Differential: ±0.0015% FSR max 
Integral: ±0.003% FSR max 
Differential T.C.: ±1ppm/°C max 
High Throughput Rate: 18kHz min 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain 8t Offset Potentiometers 
Improved Second Source to A/D/A/M-834 and 
A/D/A/M-835 Modules 

APPLICATIONS 
Seismic Data Acquisition 
Portable Reid Instrumentation 
Automated Test Equipment 
Process Control Data Acquisition 
Medical Instrumentation 


DAS1157/DAS1158/DAS1159 
FUNCTIONAL BLOCK DIAGRAM 



•S/H INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE/HOLD AMPLIFIER IS USED. 


GENERAL DESCRIPTION 

The DAS 1 1 57/DAS 1 1 58/DAS 1159 are 14-/15-/16-bit sampling 
analog-to-digital converters. They are ideally suited for use in 
portable and remote data acquisition equipment where low 
power consumption (650mW maximum) and wide temperature 
range ( - 25°C to + 85°C rated performance) are required. 

DAS1157/DAS1158/DAS1159 provide guaranteed high accuracy 
and high stability system performance essential to medical, 
analytical and process control equipment: differential nonlinearity 
of ±0.0015% max and integral nonlinearity of ±0.003% max 
(DAS1158 and DAS1159); no missing codes guaranteed; gain 
T.C. of ± 8ppm/°C max, zero T.C. of ± 80|xV/°C max and 
differential nonlinearity T.C. of ± lppm/°C max. 

The wide dynamic range will enhance the performance of critical 
measurements in gas and liquid chromatography, blood analyzers, 
distributed data acquisition in factory automation and power 
generating equipment, and in automatic test equipment. 


The DAS 1 157/DAS 1 158/DAS 1 159 make use of Analog Devices’ 
proprietary CMOS technology to achieve low power operation, 
while utilizing the latest integrated circuit and thin-film compo- 
nents to achieve the highest level of performance and reliability. 

As shown in Figure 1, each device contains a precision sample/hold 
amplifier, high accuracy 14-/1 5-/16-bit analog-to-digital converter, 
precision reference, CMOS tri-state output buffers (for direct 8- 
bit or 16-bit bus interface), user accessible gain and offset adjust 
potentiometers, and power supply bypass capacitors, all in a 
compact low profile 2" x 4" x 0.375" metal case package. No 
additional components are required for operation. 
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SPECIFICATIONS (typical @ +25°C, Y s = ±15Y,Y 0 = +5V unless othemlse specified) 


MODEL 

DAS 1157 

DAS1158 

DAS1159 

RESOLUTION 

14 Bits 

15 Bits 

16 Bits 

DYNAMIC PERFORMANCE 




Throughput Rate 

18kHz min 

* 

* 

Conversion Time 

50ps max 

* 

* 

S/H Acquisition Time 

5ps max 

* 

* 

S/H Aperture Delay 

250ns 

* 

* 

S/H Aperture Uncertainty 

Ins 

* 

* 

Feedthrough Rejection 1 

-90dBmin 

* 

* 

Droop Rate 

0.05pV/ps, 0. 1 pV/ps max 

* 

* 

Dielectric Absorption Error 

±0.005% of Input Voltage Change 

* 

* 

ACCURACY 




Integral Nonlinearity 2 

±0.005% FSR 3 max 

±0.003% FSR 3 max 

“ 

Differential Nonlinearity 4 

± 0.003% FSR 3 max 

±0.001 5% FSR 3 max 

“ 

No Missing Codes 

Guaranteed 

* 

* 

± 3a Noise (S/H plus A/D) 

0.0022% p-p(75pVrms) 

* 

* 

±3o Noise (A/D) 

0.001 5% p-p (50pV rms) 

* 

* 

STABILITY 




Differential Nonlinearity T.C. 

± 2ppm/°C max 


“ 

GainT.C. 

± 8ppm/°C max 


* 

Zero T.C. 

± 30pV/°C typ, ± 80pV/°C max 

- 

* 

Conversion Time T.C. 

±0.05%/°C 


* 

Power Supply Sensitivity 

± 0.001% FSR J /% V s 


* 

Warm-UpTime 

Less than 1 Minute 

EHMH 

* 

ANALOG INPUT 

Voltage Range 




Bipolar 

±5V. ±10V 

* 

* 

Unipolar 4 

0 to + 5 V, 0 to + 10V 

* 

* 

ADC Input Impedance Oto +5V 

2.5kfl 

* 

* 

0 to + 10V, ±5V 

5kfl 

* 

* 

±10V 

lOkfl 

* 

* 

S/H Input Impedance 

100Mfl||5pF 

* 

* 

DIGITAL INPUTS 




A/D Trigger 5 

Positive Pulse, Neg. Edge Triggered 

* 

* 

Logic Levels 

5V CMOS Compatible 

* 

* 

S/H Control 

SAMPLE = Logic 1 , TTL Compatible 

* 

* 

Low Enable, High Enable 6 

ENABLE = Logic 0, CMOS/TTL Compatible 

* 

* 

DIGITAL OUTPUTS 

Parallel Data Outputs 




Unipolar 

Binary 

* 

See Note 7 

Bipolar 

Offset Binary, 2’s Complement 

* 

See Note 7 

Output Drive 

2TTL Loads 

* 

* 

End of Conversion 

Logic “ 1 ” During Conversion 

* 

* 

Output Drive 

2TTL Loads 

* 

* 

INTERNAL REFERENCE VOLTAGE 

+ 10V, ±0.3% 

* 

* 

External Load Current (Rated Performance) 

2mA max 

* 

* 

POWER REQUIREMENTS 




Rated Voltages 

± 15V( ± 3%), + 5V( ± 5%) 

* 

* 

Operating Voltages 8,9 

± 12V to ± 17V, + 4.75V to + 5.25V 

* 

* 

Supply Current Drain ± 15V 

± 15mA 

* 

* 

+ 5V 

10mA 

* 

* 

Total Power Consumption, Vs = ± 15V 

500mW typ, 650mW max 

* 

* 

TEMPERATURE RANGE 




Rated Performance 

-25°Cto +85°C 

* 

* 

Operating 

- 25°C to + 85°C 

* 

* 

Storage 

- 40°C to + 100°C 

* 

* 

Relative Humidity 

Meets MIL-STD-202E, Method 103B 

* 

* 

Shielding 

Electrostatic (RFI) 6 Sides 

* 

* 


Electromagnetic (EMI) 5 Sides 

* 

4 

SIZE 

2" x 4" x 0.375" Metal Package 

* 

4 


NOTES 

‘Specifications same as DAS1 157 
“Specifications same as DAS 11 $8 
'Measured in hold mode, input 20V pk-pk (« 10kHz. 

2 Worst-case summation of S/H and A/D nonlinearity errors. 

3 FSR means Full Scale Range. 

differential Nonlinearity in the 0 to + 5V input range is specified as 
±0.003% typical for the DAS 11 57, DAS 1158 and DAS 1159. 
s Whcn connecting the Trigger and the S/H control terminals 
together, the pulse width must be long enough for the S/H 
amplifier to acquire the input signal to the required accuracy (5p.s 
min). If the A/D converter only is used, the Trigger pulse width 
should be l|is min (see Figure 3). 


6 Low Byte Enable pin connection s are Bits 8 through 15; High 
Byte Enable pin connections are MSB, MSB or Bit 16 and 
Bits 2 through 7. 

7 DAS1 159 unipolar coding is provided in a modified binary format 
(MSB complement) while bipolar coding is two’s complement 
only. The MSB must be inverted for binary and offset binary 
codes. 

"When the S/H section is required, - V s must be at least 5 volts 
more negative than the most negative analog input voltage (.example: 
V s = ± 12V dc, therefore, maximum analog input is + 10 and 
-7V). 

’Recommended Power Supply: Analog Devices Model 923. 

Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



ASSEMBLY INSTRUCTIONS 

CAUTION: This module is not an embedded assembly and is 
not hermetically sealed. Do not subject to a solvent or water-wash 
process that would allow direct contact with free liquids or 
vapors. Entrapment of contaminants may occur, causing 
performance degradation and permanent damage. Install after 
any clean/wash process and then only spot clean by hand. 
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Applying the DAS1 1 57/DAS1 1 58/DAS1 1 59 


OPERATION 

For operation, the only connections necessary to the DAS 1157/ 
DAS 11 58/DAS 11 59 are the ± 15V and +5V power supplies, 
analog input signal, trigger pulse, and the HI-ENABLE/LO- 
ENABLE tri-state controls. Analog input and digital output 
programming are user selectable via external jumper 
connections. 

Input voltage ranges are selectable via user pin programming: 0 
to + 5V, 0 to + 10V, ± 5V and ± 10V. Unipolar coding is provided 
in true binary format with bipolar coding displayed in offset 
binary and two’s complement (DAS 1157 and DAS 1158). DAS 1 1 59 
unipolar coding is provided in a modified binary format (MSB 
complement) while bipolar coding is two’s complement only. 

ANALOG INPUT SECTION 

The analog input can be applied to just the A/D converter or to 
the internal sample/hold amplifier ahead of the A/D converter. 
When using just the A/D converter, apply the analog input per 
the voltage range pin programming shown in Table I. When 
using the sample/hold amplifier in conjunction with A/D con- 
verter, apply the analog input to the S/H INPUT terminal and 
connect the S/H OUTPUT terminal to the appropriate A/D 
converter analog input. 


Analog Voltage 
Input 

Range 

Connect 

Vi N or S/H Out 

To 

Connect 
Analog Common 
To 

Connect 
Ref Out 
To 

Oto +5V 

ANA INI, 

ANA IN 2, 

ANA IN 3 

Ground 

NC* 

Oto + lOV 

ANA IN 2 

ANA IN 3 

Ground 

ANA INI 

NC* 

±5V 

ANA INI 

Ground, 

ANA IN 3 

ANA IN 2 

± 10V 

ANA IN 3 

Ground, 

ANA INI 

ANA IN 2 


Table I. Analog Input Pin Programming 



Figure 2. Analog Input Block Diagram 


Errors due to source loading are eliminated since the sample/hold 
amplifier is a high-impedance unity-gain amplifier. High feed- 
through rejection is provided for either single-channel or multi- 
channel applications. Feedthrough rejection can be optimized, 
in multichannel applications, by changing channels at the rising 
or falling edge of the S/H control pulse. 

TIMING DIAGRAM 

The timing diagram for the DAS 11 57/DAS 11 58/DAS 11 59 is 
illustrated in Figure 3. This figure also includes the sample/hold 
amplifier acquisition time. 

If the sample/hold amplifier is required, the TRIGGER input 
and S/H CONTROL terminal can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the sample/hold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 5jjls to insure accuracy. If 
the sample/hold amplifier is not used, the trigger pulse needs to 
be 1|jls (minimum) in length to satisfy the A/D converter trigger 
requirements. At the falling edge of the trigger pulse, the sample/ 
hold amplifier is placed in the hold mode, all internal logic is 
reset and the A/D conversion begins. The conversion process 
can be retriggered at any time, including during conversion. 

With this negative edge of the trigger pulse, the MSB is set 
high with the remaining digital outputs set to logic low state, 
and the end of conversion is set high and remains high through 
the full conversion cycle. During conversion each bit, starting 
with the MSB, is sequentially switched high at the rising edge 
of the internal clock. The DAC output is then compared to the 
analog input and the bit decision is made. Each comparison 
lasts one clock cycle with the complete 14-/1 5-/16-bit conversion 
taking 50fxs maximum. At this time, the end of conversion line 
goes low signifying that the conversion is complete. For micro- 
processor bus applications, the digital output can now be applied 
to the data bus by enabling the tri-state buffers. For maximum 
data throughput, the digital output data should be read while 
the sample/hold amplifier is acquiring the new analog input 
signal. 



(///fa 1 . Output Data Valid. 

• 2. If S/H Control and Trigger are Tied Together, 
Pulse Width Must Be 5ps Min to Allow the 
S/H Amplifier to Acquire the Input Signal. If 
the ADC is Only Used, the Trigger Pulse Must 
Be Ips Min. 


Figure 3. DAS1 1 57/DAS 1 158/DAS 7 159 Timing Diagram 
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GAIN AND OFFSET ADJUSTMENT 
The DAS1157/DAS1158/DAS1 159 contain internal gain and 
offset adjustment potentiometers. Each potentiometer has ample 
adjustment range so that gain and offset errors can be trimmed 
to zero. 

Offset calibration is not affected by changes in gain calibration, 
and should be performed prior to gain calibration. Proper gain 
and offset calibration requires great care and the use of extremely 
sensitive and accurate reference instruments. The voltage standard 
used as a signal source must be very stable and be capable of 
being set to within ± 1/10LSB of the desired value at any point 
within its range. 

OFFSET CALIBRATION 

For a 0 to + 10V unipolar range, set the input voltage precisely 
to + 305pV for the DAS1157, + 153|xV for the DAS1158 and 
+ 76p,V for the DAS1159. For a 0 to + 5V unipolar range, set 
the input to + 153p,V for the DAS1157, + 76p,V for the DAS1158 
and + 38|iV for the DAS 1 159. Then adjust the zero potentiometer 
until the converter is just on the verge of switching from 

000 000 to 000 001 (DAS 1 1 57/DAS 1158) or from 

100 000 to 100 001 (DAS1159). 

For the ± 5V bipolar range, set the input voltage precisely to 
+ 305|*V for the DAS1157, + 153p.V for the DAS1158 and 
+ 76 jaV for the DAS1159. For a ± 10V bipolar range, set the 
input voltage precisely to + 610p,V for the DAS 1157, + 305 fxV 
for the DAS1158 and + 153jxV for the DAS1159. Adjust the 
zero potentiometer until the offset binary coded units are just 

on the verge of switching from 000 000 to 000 001 

and the two’s complement coded units are just on the verge of 
switching from 100 000 to 100 001. 


Input Voltage - Output Code Relationships 
Unipolar Input Voltages 


Analog Input 

Digital Output 

Oto +5V Range 

Oto +I0V Range 


DAS 1157 
+ 4.99969V 
+ 0.00000V 

+ 9.99939V 
+ 0.00000V 

Binary Code 
ii mi mi mi 

00 0000 0000 0000 

DAS 1158 
+ 4.99985V 
+ 0.00000V 

+ 9.99969V 
+ 0.00000V 

Binary Code 

in nil mi nil 
000 0000 0000 0000 

DAS 1159 
+ 4.99992V 
+ 0.00000V 

+ 9.99985V 
+ 0.00000V 

Modified Binary Code 

oni ini nil nil 
1000 0000 0000 0000 


Table II. Unipolar Input-Output Relationships 

Bipolar Input Voltages 


Analog Input Digital Output 


± 5V Range 

DAS!! 57 

±10V Range 

Offset Binary Code 

Two’s Complement Code 

+ 4.99939V 

+ 9.99878V 

ii mi mi mi 

oi nil nil nil 

+ O.OOOOOV 

+ 0.00000V 

10 0000 0000 0000 

00 0000 0000 0000 

-5.00000V 

- 10.00000V 

00 0000 0000 0000 

10 0000 0000 0000 

DAS 11 58 

+ 4.99969V 

+ 9.99939V 

m mi mi mi 

on nil nil nil 

+ O.OOOOOV 

+ 0.00000V 

100 0000 0000 0000 

000 0000 0000 0000 

-5.00000V 

- 10.00000V 

000 0000 0000 0000 

100 0000 0000 0000 

DAS 11 59 

+ 4.99985V 

+ 9.99969V 


oni nil nil nil 

+ O.OOOOOV 

+ O.OOOOOV 


0000 0000 0000 0000 

-5.00000V 

- 10.00000V 


1000 0000 0000 0000 


Table III. Bipolar Input-Output Relationships 


GAIN CALIBRATION 

Set the input voltage precisely to + 9.99909V (DAS 11 57)/ 

+ 9.99954V (DAS1 158)/ + 9.99977V (DAS1159) for the 0 to 
+ 10V units, + 4.99954V (DAS1 157)/ + 4.99977V (DAS1158)/ 

+ 4.99989V (DAS1159) for 0 to + 5V units, + 9.99817V 
(DAS1 157)/ + 9.99909V (DAS1 158)/ + 9.99954V (DAS1159) for 
±10V units, or +4.99909V (DAS1 157)/ + 4.99954V (DAS1158)/ 
+ 4.99977V (DAS 1159) for ±5V units. Note that these values 
are 1 l/2LSBs less than nominal full scale. Adjust the gain 
potentiometer until binary and offset binary coded units are just 

on the verge of switching from 11 10 to 11 11 or modified 

binary and two’s complement coded units are just on the verge 
of switching from 011 10 to 011 11. 

DAS1 157/D AS1 158/D AS1 159 INPUT/OUTPUT 
RELATIONSHIPS 

The DAS1157/DAS1158 produces a true binary coded output 
when configured as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two’s complement 
output codes. The most significant bit ( MSB) i s used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two’s complement coding. The DAS 11 59 produces a modified 
binary coded output when configured as a unipolar device. 
Configured as a bipolar device it can only produ ce two’s com- 
plement output codes. The DAS 11 59 uses MSB to obtain the 
modified binary and two’s complement output codes ; the DAS 1 1 59 
does not have an MSB output. Table II shows the DAS 1157/ 
DAS 11 58/DAS 11 59 unipolar analog input/digital output re- 
lationships. Table III shows the DAS1157/DAS1158/DAS1159 
bipolar analog input/digital output relationships. 


TRI-STATE DIGITAL OUTPUT 

The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE terminals. 
If the tri-state feature is not required, normal digital outputs 
can be obtained by connecting the enable pins to ground. 

POWER SUPPLY AND GROUNDING CONNECTIONS 

No power supply decoupling is required since the DAS 11 57/ 
DAS 11 58/DAS 11 59 contain high quality tantalum capacitors on 
each of the power supply inputs to ground. 

The analog and digital grounds are internally connected in the 
DAS1157/DAS1158/DAS1159. But in many applications, an 
external connection between the digital ground pin and analog 
ground pin is advisable for optimum performance. 



Figure 4. Typical Ground Layout for DAS1 157/DAS 11 58/ 
DAS 11 59 
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Microcomputer I/O Boards 


The RTI® Series consists of analog and digital input/output 
boards that are compatible with all of the popular microcom- 
puter bus standards including: 

• IBM PC/XT/AT* 

• IBM PS/2*, Micro Channel* Architecture 

• STD Bus 

• VMEbus 

• MULTIBUS* 

All boards are 100% bus compatible and are optimized for peak 
performance on each bus. Different analog/digital conversion 
speeds, resolution and choice of analog output and channel 
expansion capability are available allowing customization of the 
bus based solutions. They are cost effective and provide a con- 
venient means to interface a computer to the real world. 

SIGNAL CONDITIONERS 

For data acquisition applications requiring signal conditioning 
and transducer interface with high-voltage isolation, the 3B and 
5B Series of signal conditioners or one of the analog signal con- 
ditioning panels can be connected directly to the RTI Series 
boards. 

Both the 3B and 5B Series are unmatched in terms of isolation, 
reliability and ease of use. The 3B Series interfaces to the widest 
range of signals and is user configurable. The 5B Series consists 
of functionally complete, high performance, low cost signal con- 
ditioners. A family of multiplexed analog signal conditioning 
panels offers an alternative for systems with high point counts 
where single channel modularity is not required. 

Via a variety of optional backplanes and convenient ribbon 
cabling to the RTI Series I/O Boards, signal conditioners bring 
real-world signals into the computer, including millivoltage, 
voltage, current, thermocouple, RTD, strain gage, LVDT and 
frequency. For further information on signal conditioners, see 
Linear Products Databook. 


SOFTWARE 

Many RTI Series boards are supported by MS-DOS* I/O driver 
software that provides easy to use, high level calls and 
commands for user written software programs for languages like 
Microsoft* BASIC (Interpreted and Compiled), QuickBASIC, 

C, Pascal, TURBO Pascal*, FORTRAN and MACRO 
Assembler. 

Popular menu-driven data acquisition application software 
supports many of the RTI Series boards, including ASYST*, 
LABTECH* NOTEBOOK, LABTECH CONTROL, 
UnkelScope*, SNAPSHOT STORAGE SCOPE*, Control EG* 
and THE FIX*. These software packages make it easy to con- 
figure a complete solution using Analog Devices I/O and your 
choice of computer. 

RTI is a registered trademark of Analog Devices, Inc. 

*ASYST is a trademark of ASYST Software Technologies, Inc. 

Control EG is a trademark of Quinn-Curtis. 

IBM PC/XT/AT, PS/2 and Micro Channel are trademarks of 
International Business Machines Corporation. 

LABTECH is a registered trademark of Laboratory Technologies 
Corporation. 

MS-DOS and Microsoft are registered trademarks of Microsoft 
Corporation. 

MULTIBUS is a registered trademark of Intel Corporation. 
SNAPSHOT STORAGE SCOPE is a trademark of HEM DATA 
Corporation. 

THE FIX is a trademark of Intellution, Inc. 

TURBO PASCAL is a trademark of Borland International Corp. 
UnkelScope is a trademark of the Massachusetts Institute of 
Technology. 
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Microcomputer I/O Boards 


IBM PC/XT/AT COMPATIBLE BOARDS 


Analog 

Input 


Model 

Function 

Channels 

Resolution 

RTI-800 

Analog Input 
and Digital I/O 

32SE/16D1 

12 Bits 

RTI-802 

Analog Output 

N/A 

- 

RTI-815 

Multifunction 
Analog and 
Digital I/O 

32SE/16D1 

12 Bits 

RTI-817 

Digital I/O 

N/A 

- 


RTI-820 Modular 

Up to 64 12 Bits 

Analog and 

Inputs 

Digital I/O 



RTI-850 

High-Resolution 

8D 

16 Bits 


Analog Input 


15 Bits 
14 Bits 

RTI-860 

High Speed 

16SE 

12 Bits 


Simultaneous 
Analog Input 


8 Bits 


Throughput 

Other Analog 

Analog 

Output 

XT 

AT 

Input Features 

Channels 

31kHz 

27kHz 

Direct Connection 

N/A 

58kHz 

58kHz 

to 3B/5B Signal 


91kHz 

58kHz 

Conditioning 


- 

- 

- 

4 (-4 Version) 

31kHz 

27kHz 

Direct Connection 

8 (-8 Version) 

2 

58kHz 

58kHz 

to 3B/5B Signal 


91kHz 

58kHz 

Conditioning 


— 

— 

N/A 

N/A 


19kHz 

19kHz 

Supports Direct 
Connection Up to 

4 Signal Condition- 
ing Panels 

STB-HL02, STB-TC, 
STB-HLI, STB-TCI, 
5B02 

Up to 16 
Outputs 

N/A 

50kHz 

52kHz 

55kHz 

Extensive Triggering 

N/A 

N/A 

250kHz 

330kHz 

Extensive Triggering 
Simultaneous S/H 

N/A 


Resolution 

Digital I/O 

Other Features 

— 

8 Digital Inputs 

8 Digital Outputs 

3 Counter/Timers 

12 Bits 

N/A 

Remote 

Sensing 

12 Bits 

8 Digital Inputs 

8 Digital Outputs 

3 Counter/Timers 


Three 8-Bit Ports 
Each Port 
Configurable as 
Input or Output 

Interrupt on 
Change of State. 
Compatible to 
Solid-State Relay 
Modules 

12 Bits 

Three 8-Bit Ports 
Each Port Con- 
figurable as Input 
or Output 


- 

N/A 

256K On-Board 
Sample Memory 

- 

N/A 

256K On-Board 
Sample Memory 


Compatible 

PC/XT/AT 

PC/XT/AT 

PC/XT/AT 

PC/XT/AT 

PC/XT/AT 

AT 

AT 
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STD BUS COMPATIBLE I/O BOARDS 


Analog Devices 
Part Number 

STD BUS 
(NMOS) 

RTI-1226 RTI-1225 RTI-1260 RTI-1262 RTI-1265 RTM266 RTI-1267 RTI-1270 

STD BUS 
(CMOS) 

RTI-1280 RTI-1281 RTI-1282 RTI-1287 

Board Type Input 

Input/Output 

Output 

• • • • 

• • • 

• 

• 

• • 

• 

Channel Capacity Input 

(Single Ended/ 
Differential) 
Output 

24 

16/8 16/8 32/16 64 64 Digital 16/16 

2 4 16 I/O 

24 

16/8 16/8 Digital 

2 4 or 8 I/O 

Input Resolution 10 Bits 

12 Bits 

• • 

• • • • 

• • 

Output Resolution 8 Bits 

12 Bits 

• 

• • 

• • 

Additional Features 

Programmable Gain Amplification 
Single +5V Operation 

4-2 0mA Output 

Direct Sensor Interface 
Thermocouples, RTDs 

IBM PC Software Compatible 

• 

• ••••••• 

• 

• • • 

• • • 

• • 

• • • • 

• 


IBM PS/2 MICROCHANNEL COMPATIBLE HARDWARE 



RTI-204 

RTI-205 

RTI-217 

Channel Capacity 




Analog Input 

8SE 

8SE 


Analog Output 


2 


Digital I/O 

8 

8 

32 

A/D Resolution (Bits) 

12 

12 


D/A Resolution (Bits) 


12 


Acquisition Thruput 

19kHz 

19kHz 
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VMEbus COMPATIBLE I/O BOARDS 

Analog Devices VMEbus 



Part Number 

RTI-600 RTI-602 

Board Type 

Input 

Input/Output 

Output 

• 

• 

Channel Capacity 

Input 

(Single Ended/ 
Differential) 
Output 

32/16 

4 

Input Resolution 

10 Bits 

12 Bits 

• 

Output Resolution 

8 Bits 

12 Bits 

• 

Additional Features 


Programmable Gain Amplification 
Single +5V Operation 
4-20mA Output 
Direct Sensor Interface 
Thermocouples, RTDs 


MULTIBUS COMPATIBLE I/O BOARDS 


Analog Devices MULTIBUS 

Part Number RTI-711 RTI-724 RTI-732 


Board Type Input 

Input/Output 

Output 

• 

• 

• 

Channel Capacity Input 

(Single Ended/ 
Differential) 

32/16 


32/16 

Output 


4 

2 

Input Resolution 10 Bits 




12 Bits 

• 


• 

Output Resolution 8 Bits 

12 Bits 


• 

• 

Additional Features 

Programmable Gain Amplification 

• 


• 

Single +5V Operation 

• 

• 

• 

4-20mA Output 

Direct Sensor Interface 
Thermocouples, RTDs 



• 



Application Specific Integrated Circuits 


Analog Devices offers a full spectrum of capabilities in application 
specific integrated circuits (ASICs). These chip-level systems 
can implement designs with 12-bit accuracy and 16-bit resolution 
that formerly required board-level solutions. 

Analog Devices can incorporate most of the functions of its 
standard monolithic parts in full-custom and semicustom ICs. 
Full-custom parts optimize performance and space requirements, 
while cell-based semicustom parts reduce development time and 
engineering expense. Development costs can be cut further by 
tailoring a predefined system-on-a-chip known as a Linear System 
Macro to your application. 

Analog’s experienced design engineers work with powerful com- 
puter-aided design tools to design and lay out your circuit. 
Design centers are currently in Massachusetts, California and 
England. 

Multiple locations for fabrication, assembly and testing ensure a 
ready supply of production parts. Products can be processed in 
full MIL-38510 certified facilities. 

DESIGN EXAMPLES 

Analog Devices has created a variety of customer-specific and 
function-specific ASIC parts. Described here are two Linear 
System Macros, a custom chipset and a semicustom chip. 


VoUTI 

VoUTI 

VoUTO 

Voo 

V SS 

AGND 

DGND 



an 8-channel multiplexer, programmable-gain amplifier, sample- 
and-hold and 12-bit A/D converter with internal voltage 
reference. 

AD75003 DATA ACQUISITION SYSTEM 



Derivative Circuits 

The circuits outlined above can be modified to suit a specific 
customer’s application. One such device is a semicustom, serial- 
interface DAS. The AD75003 design was altered to have pro- 
grammable gains of 1 to 20 instead of 1 to 16, and a serial UART 
instead of an 8-bit parallel interface. In addition to the AD75003 
functions, this part contains a precision instrumentation amplifier, 
a programmable line-frequency notch filter, a 7-bit trim DAC 
and a temperature sensor. 


Modem Chipset 

Library cells can be combined to form macro building blocks 
for high speed modems. This two-chip design concept filters 
and converts data to interface a digital signal processor with the 
analog circuitry of a 9600-baud modem. On one chip, the received 
signal passes through an antialiasing filter, sample-and-hold, 
12-bit A/D converter, 8th-order digital filter and decimation. 

On the other chip, transmit data is 8 x oversampled, then goes 
to an 8th-order filter, a 12-bit DAC and an active reconstruction 
filter. 



AD75004 Quad DAC 

This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. Double- 
buffering latches interface with an 8-bit parallel bus and permit 
updating of all four channels individually or simultaneously. 

AD75003 Data Acquisition System 

This DAS converts analog signals on 8 input channels to 12-bit 
values and interfaces via an 8-bit parallel bus. The chip integrates 


HIGH SPEED MODEM CHIPSET 
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Transversal Filter Element 

This circuit implements five taps of a finite-impulse response 
filter. Each tap comprises an 8-bit DAC and a multiplier, which 
handle signals up to 40 MHz. A parallel interface sets the tap 
weights. 


TRANSVERSAL FILTER ELEMENT 



HIGH PERFORMANCE PROCESSES 

Analog Devices’ semicustom and custom circuits are fabricated 
using the same high performance processes as our standard ICs. 
These technologies include two mixed bipolar-CMOS processes, 
a high voltage CMOS process and high speed and low power 
bipolar processes. These processes can include thin-film resistors 
which may be laser trimmed for precise matching and stable 
performance over a wide temperature range. 


The BiMOS II and Linear Compatible CMOS (LC 2 MOS) processes 
combine bipolar and CMOS devices on one chip. Functional 
density is an order of magnitude greater than previous mixed-signal 
processes; over 20,000 devices can be placed on a single chip. 
Bipolar transistors provide low noise, low offset input stages and 
high power output stages. The CMOS devices offer high input 
impedance, and make dense logic and good switches for data 
converters, multiplexers and switched-capacitor filters. LC 2 MOS 
also provides a JFET for very low input noise. 

The bipolar-CMOS processes operate on supply voltages ranging 
from single +5 volts to split ± 15 V, with signal levels ranging 
from single-ended +3Vto±10V. These processes are ideally 
suited for applications in data acquisition, instrumentation, 
industrial automation and telecommunications. 

The High Voltage Switch (HVS) process provides quality analog 
switches that can operate with supply voltages up to ± 22 volts. 
It can combine switches and multiplexers with CMOS logic. 

The Flash bipolar process makes high speed linear signal pro- 
cessing, data conversion and ECL logic functions on one chip. 
Signal levels are ±4 volts with ±5 V supplies or up to + 10 V 
with a + 12 V supply. Applications include disk-drive read/write 
circuitry and high speed telecommunications equipment. 

The Complementary Bipolar (CB) process features high speed 
PNP and NPN devices for precision, low power linear applications. 
It also offers low noise buried Zener references and dual-gate 
JFETs. CB runs on +5 V to ± 15 V supplies. 

The table below summarizes the processes available for designing 
ASICs. Other processes in development will offer even higher 
speed, denser logic and higher integration of analog and digital 
functions. 


ANALOG DEVICES HIGH-PERFORMANCE PROCESSES FOR ASICs 


Process 

Power 

Signal 

BiMOS II 

± 12 V 

±8 V 

LC 2 MOS 

+ 5 Vto ± 15 V 

+ 3 V to ± 10 V 

HVS 

+ 5 V to ± 22 V 

+ 2 Vto ± 18 V 

Flash 

±5 Vor + 12 V 

±4 Vor + 10 V 

CB 

+ 5 Vto ± 15 V 

+ 2 Vto ± 10 V 


Features 

Wide Variety of Precision Linear and Digital Functions 
Wide Variety of Precision Linear and Digital Functions 
High Voltage Switches, Muxes and Logic Functions 
High Speed Linear and Digital Functions 
High Speed, Low Power Linear Functions 
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CELL LIBRARIES 

Cell libraries for the bipolar CMOS processes are described 
below. These libraries are growing with the development of new 
processes, macrocells and cells. Many new catalog parts will also 
be available as cells. Your local sales office can give you current 
information on the cell libraries and available Linear System 
Macros. 

Operational amplifiers are available in bipolar, JFET and CMOS 
configurations. Representative bipolar op amp cells have per- 
formance characteristics similar to an AD OP-27 and a slew- 
enhanced AD741. The LC 2 MOS process offers JFET op amps, 
including an AD544 equivalent. 

Instrumentation amplifiers with performance comparable to the 
AD521 and AD524 are available. Comparators suitable for 12-bit- 
accurate applications are available. Linear comparators have 
response times down to 100 nanoseconds and strobed comparators 
have setup/access times down to 50 nanoseconds. 

Digital-to-analog converters range in resolution from 8 to 14 
bits, and include cells similar to the AD667 and AD 1856. Analog- 
to-digital converters vary from 8 to 12 bits in resolution, and 
include cells equivalent to the AD7572 and AD674. One half- 
flash ADC cell converts to 8-bit accuracy in 500 nanoseconds, 
and one successive approximation cell converts to 12 bits in 
5 microseconds. 

Support cells include sample-and-hold amplifiers with performance 
comparable to the AD585, low-voltage bandgap references com- 
parable to the AD584 and low noise buried Zener references. 

RC active filters and programmable switched-capacitor filters 
are available with specifications in these ranges: 

Topology: all classical filter types 
Frequency Range: 200Hz to 20kHz (switched-cap) or 
100Hz tolMHz (RC) 

Number of Sections: up to lOth-order (switched-cap) 
or 4th-order (RC) 

Signal/Noise and THD: >72dB, compatible with 
12-bit data acquisition. 

Logic cells include gates, counters, registers, PLA, RAM and 
ROM. Interface cells include 8-bit and 16-bit parallel I/O ports 
and UARTs. 

DESIGN AND LAYOUT 

Analog Devices engineers will design your integrated circuit, 
drawing on their years of experience and using powerful computer- 
aided design (CAD) tools. These comprehensive CAD tools help 
design, simulate and lay out the circuit and aid in generating 
test programs. 


The following figure shows the standard design cycle which 
begins with schematic entry. After logic and initial electrical 
simulation, the designer uses the graphics editor to lay out the 
circuit. Parasitics and other data are extracted from the layout 
and circuit operation is simulated again. Finally, the system 
checks that the layout follows process design rules and matches 
the schematic. 


IC DESIGN WITH 
COMMERCIAL CAD SYSTEM 



In addition to using these commercial CAD tools, Analog Devices 
has developed a proprietary compiler for mixed-signal IC design, 
called JANUS. By integrating all design functions into one 
environment with a common database, JANUS reduces design 
time by an order of magnitude. 


IC DESIGN WITH JANUS 
PROPRIETARY CAD SYSTEM 
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To speed schematic entry, the designer selects devices, cells and 
macrocells from comprehensive menus. Device generators allow 
the designer to specify devices for maximum performance and 
minimum size. Analog, logic and functional simulators verify 
the performance of individual cells and the overall chip design. 
Placement and routing algorithms complete circuit layouts auto- 
matically, yet allow interaction with the designer to handle 
special cases. When placing devices and cells, JANUS considers 
thermal and electrical matching as well as die area. An expert 
system optimizes routing to minimize interconnect length and 
number of vias. Post-layout simulation comprehends the parasitics 
of the final routing and is more accurate than the initial simulation. 

Future goals for JANUS include automatically generating 
programs for production trim and test of analog/' digital ICs. 

TEST AND TRIM 

Analog Devices has over 20 years of experience in testing complex 
circuits and manufactures commercial test systems for precision 
linear ICs. In each fabrication facility, a computer network 
integrates Analog Devices, Teradyne and LTX test equipment. 
The design, wafer probe and test areas share data on the network 
for statistical analysis and device modelling. 

All Analog Devices ASICs are tested at the wafer level, and 
most are laser-wafer trimmed to achieve high accuracy. Untrimmed 
thin-film resistors match within 1% to 0.1%, depending on area. 
Trimmed resistors can match to better than 0.01%. Wafers may 
be laser drift trimmed with a hot-chuck probe to minimize the 
effects of temperature on accuracy. 

After packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental handlers can verify 
parts at multiple temperatures. Burn-in is performed as specified 
by the customer. 

PACKAGING 

Analog Devices ICs are available in most modern package 
types, including high pin-count and surface mount varieties. 
ASICs may be assembled in any of Analog Devices’ standard 
packages, listed below. This list is constantly expanded and 
other packages may be used if they are suitable for high per- 
formance applications. 

Available Packages 

Pin-grid array (PGA): 68 to 144 pins 

Leaded ceramic chip carrier (LDCC): 44 pins 

Leadless ceramic chip carrier (LCC): 20 to 68 I/Os 

Plastic quad flat pack (PQFP): 100 pins 

Plastic leaded chip carrier (PLCC): 20 to 52 pins 

Plastic dual in-line package (DIP): 14 to 64 pins 

Side-brazed DIP: 14 to 64 pins 

Frit-seal DIP (Cerdip): 14 to 28 pins 

Small outline (SO): 14 and 16 pins 


PROGRAM RESPONSIBILITIES AND 
INTERFACES 

The following chart shows the major phases in developing an 
ASIC and responsibilities during each phase. The overall de- 
velopment time depends on the complexity of the circuit and on 
how custom the design is. 

Your Analog Devices Sales Engineer is your first interface for 
ASIC development. Your local sales office can provide further 
information on Analog Devices’ custom/semicustom capabilities. 

PROGRAM RESPONSIBILITIES AND INTERFACES 


CUSTOMER JOINT CUSTOMER/ADI ANALOG DEVICES 
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Power Supplies 

Modular AC/DC Power Supplies 


GENERAL DESCRIPTION 

Analog Devices offers a broad line of modular ac/dc power sup- 
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. Models are 
available in PC mountable and chassis mountable designs with 
5 volt to 15 volt (single, dual, triple) outputs and current ratings 
from 25 mA to 5 amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you’re on the air! Most Analog Devices’ power sup- 
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 

AC/DC POWER SUPPLY FEATURES 

• Current Limit Short Circuit Protection 

• PC Mounted and Chassis Mounted Versions 

• Single (+5 V), Dual (±12 V, ±15 V), and Triple 

(±15 V/+5 V, ±15 V/+1 V to +15 V) Output Supplies 

• Current Outputs: 

25 mA to 1000 mA for Dual and Triple Output Supplies 
250 mA to 5000 mA for Single Output Supplies 

• Wide Input Voltage Range 

• Low Output Ripple and Noise 

• Excellent Line & Load Regulation Characteristics 

• High Temperature Stability 

• Free-Air Convection Cooling; No External Heat Sink Required 


GENERAL SPECIFICATIONS 


Power Requirements 
Input Voltage Range: 
Frequency: 

Electrical Specifications 
Temperature Coefficient: 
Output Voltage Accuracy: 

Breakdown Voltage: 
Isolation Resistance: 

Short Circuit Protection: 


Environmental Requirements 
Operating Temperature 
Range: 

Storage Temperature 
Range: 


105 V ac to 125 V ac 
50 Hz to 250 Hz 

0.02%/°C 
±2%, max 

See Specifications Table 
500 V rms, min 
50 MH 

All ac/dc power supplies 
employ current limiting. They 
can withstand substantial 
overload including direct 
short. Prolonged operation 
should be avoided since 
excessive temperature rises 
will occur. 


-25°C to +71°C 
-25°C to +85°C 


SPECIFICATIONS - Typical @ +25°C and 115 V ac 60 Hz unless otherwise noted* 




Type 

Model 

Output 

Voltage 

Volts 

Output 

Current 

mA 

Line Reg. 
max 

% 

Load Reg. 
max 

% 

Output 

Voltage 

Error max 

Ripple & 
Noise 

mV rms max 

Dimensions 

Inches 

n 

r 


904 

±15 

±50 

0.02 

0.02 

±200 mV 

0.5 

3.5x2.5x0.875 









-0 mV 






902 

±15 

±100 

0.02 

0.02 

+300 mV 

0.5 

3.5x2.5x1.25 









-0 mV 





Dual 

902-2 

±15 

±100 

0.02 

0.02 

+ 300 mV 

0.5 

3.5x2.5x0.875 



Output 






-0 mV 






920 

±15 

±200 

0.02 

0.02 

+ 300 mV 

0.5 

3.5x2.5x1.25 








-0 mV 





925 

±15 

±350 

0.02 

0.02 

±1% 

0.5 

3.5x2.5x1.62 




921 

±12 

±240 

0.02 

0.02 

+300 mV 

0.5 

3.5x2.5x1.25 








-0 mV 



1 

3 


905 

5 

1000 

0.02 

0.05 

±1% 

1 

3.5x2.5x1.25 

0 


Single 

922 

5 

2000 

0.02 

0.05 

±1% 

1 

3.5x2.5x1.62 


Output 

928 

5 

3000 

0.05 

0.10 

±2% 

5 (typ) 

3.5x2.5x1.25 




923 

±15 

±100 

0.02 

0.02 

±1% 

0.5 

3.5x2.5x1.25 





+5 

500 

0.02 

0.05 

-1% 

0.5 




Triple 

927 

±15 

±150 

0.02 

0.02 

±2% 

0.5 (typ) 

3.5x2.5x1.62 



Output 


+ 5 

1000 

0.02 

0.10 

±2% 

1.0 (typ) 




2B35J 

±15 

±65 

0.08 

0.1 

(-0, +300 mV) 

0.5 

3.5x2.5x1.25 





+ 1 to +15** 

125 

0.08 

0.1 


0.25 





2B35K 

±15 

±65 

0.01 

0.02 

(-0, +300 mV) 

0.5 

3.5x2.5x1.25 





+ 1 to +15** 

125 

0.01 

0.02 


0.25 





952 

±15 

±100 

0.05 

0.05 

±2% 

1 

4.4x2.7x1.45 



Dual 

970 

±15 

±200 

0.05 

0.05 

±2% 

1 

4.4x2.7x1.45 


Output 

973 

±15 

±350 

0.05 

0.05 

±2% 

1 

4.4x2.7x2.00 



975 

±15 

±500 

0.05 

0.05 

±2% 

1 

4.4x2.7x2.00 


3 

3 


955 

5 

1000 

0.05 

0.15 

±2% 

2 

4.4x2.7x1.45 

£ 

Single 

976 

5 

3000 

0.05 

0.10 

±2% 

5 (typ) 

4.75x2.7x1.45 

.5 

| 

Output 

977 

5 

5000 

0.05 

0.10 

±2% 

5 (typ) 

4.75x2.7x1.45 

t 

rt 

j 


972 

±15 

±150 

0.02 

0.02 

±2% 

0.5 (typ) 

4.75x2.7x1.45 

c 


Triple 


+5 

300 

0.02 

0.10 

±2% 

1.0 (typ) 


1 

1 

Output 

974 

±15 

±150 

0.02 

0.02 

±2% 

0.5 (typ) 

4.75x2.7x1.45 

A 

L 



+5 

1000 

0.02 

0.10 

±2% 

1.0 (typ) 



♦Consult Analog Devices Power Supplies Catalog for additional information. 
♦♦Resistor programmable. 

Specifications subject to change without notice. 
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Modular DC/DC Converters 


GENERAL DESCRIPTION 

Analog Devices’ line of compact dc/dc converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli- 
cations. These devices provide high accuracy, short circuit pro- 
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions 
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges 
as follows: +5 volt, ±12 volts and ±15 volts at ±60 mA to 
1000 mA output current capability. 

Most models are high efficiency (typicaly over 60% at full load) 
and feature complete 6-sided continuous shielding for EMI/RFI 
protection. A 77-type input filter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices’ dc/dc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DC/DC POWER SUPPLY FEATURES 

• Inaudible (>20 kHz) Converter Switching Frequency 

• Continuous, Six-Sided EMI/RFI Shielding Except on 1 Watt 
and 1.8 Watt Models 

• Output Short Circuit Protection (Either Output to Common) 

• Automatic Restart After Short Condition Removed 

• Automatic Starting with Reverse Current Injected into 
Outputs 

• Low Output Ripple and Noise 

• High Temperature Stability 

• Free Air Convection Cooling 

No external heat sink or specification derating is 
required over the operating temperature range. 


SPECIFICATIONS - Typical @ +25°C at nominal input voltage unless otherwise noted* 


Model 

Output 

Voltage 

Volts 

Output 

Current 

mA 

Input 

Voltage 

Volts 

Input 1 

Voltage 

Range 

Volts 

Input 
Current 
Full Load 

Output 
Voltage 
Error max 

Temperature 

Coefficient 

1 ° C max 

Efficiency 
Full Load 
min 

Dimensions 

Inches 

943 

5 

1000 

5 

4.75/5.25 

1.52A 

±1% 

±0.02% 

62% 

2.0x2.0x0.38 

958 

5 

100 

5 

4.5/5. 5 

200 mA 

±5% 

-0.01% (typ) 

50% 

1.25x0.8x0.4 

941 

±12 

±150 

5 

4.75/5.25 

1.17A 

±1% 

±0.01% 

58% 

2.0x2.0x0.38 

960 

±12 

±40 

5 

4. 5/5. 5 

384 mA 

±5% 

±0.01% (typ) 

50% 

1.25x0.8x0.4 

962 

±15 

±33 

5 

4. 5/5. 5 

396 mA 

±5% 

±0.01% (typ) 

50% 

1.25x0.8x0.4 

964 

±15 

±33 

12 

10.8/13.2 

165 mA 

±5% 

±0.01% (typ) 

50% 

1.25x0.8x0.4 

965 

±15 

±190 

5 

4.65/5.5 

1.7 A 

±1% 

±0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

966 

±15 

±190 

12 

11.2/13.2 

710 mA 

±1% 

±0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

967 

±15 

±190 

24 

22.3/26.4 

350 mA 

±1% 

±0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

949 

±15 

±60** 

5 

4.65/5.5 

0.6 A 

±2% 

±0.03% 

58% 

2.0x1.0x0.375 

940 

±15 

±150 

5 

4.75/5.25 

1.35 A 

±1% 

±0.01% 

62% 

2.0x2.0x0.38 

953 

±15 

±150 

12 

11/13 

0.6 A 

±0.5% 

±0.01% 

62% 

2.0x2.0x0.38 

945 

±15 

±150 

28 

23/31 

250 mA 

±0.5% 

±0.01% 

61% 

2.0x2.0x0.38 

951 

±15 

±410 

5 

4.65/5.5 

3.7 A 

±0.5% 

±0.01% 

62% 

3.5x2.5x0.88 


NOTES 

Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mA) over an input voltage range of 4.65 V dc 
and 5.5 V dc. 

*Consult Analog Devices Power Suppies Catalog for additional information. 

** Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 mA. 

Specifications subject to change without notice. 


GENERAL SPECIFICATIONS FOR 1 W AND 
1.8 W MODELS 

Line Regulation - Full Range: ±0.3% (±1% max, 949) 

Load Regulation - No Load to Full Load: ±0.4% (±0.5% max, 
949) 

Output Noise and Ripple: 20 mV p-p (with 15 jxF tantalum 
capacitor across each output) 2 mV rms max, 949) 

Breakdown Voltage: 300 V dc min (500 V dc min, 949) 

Input Filter Type: tt 

Operating Temperature Range: -25°C to +71°C 
Storage Temperature Range: -40°C to + 125°C (+100°C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter’s full load input current. 


GENERAL SPECIFICATIONS FOR 4.5 W, 6 W AND 
12 W MODELS 

Line Regulation - Full Range: ±0.07% max (±0.02% max, 951, 
960 Series) (±0.1% max, 943) 

Load Regulation - No Load to Full Load: ±0.07% max 
(±0.02% max, 951, 960 Series) (±0.1% max, 943) 

Output Noise and Ripple: 1 mV rms max 
Breakdown Voltage: 500 V dc min 
Input Filter Type: 7 r 

Operating Temperature Range: -25°C to +71°C 
Storage Temperature Range: -40°C to +125°C 
Fusing: If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter’s full load input current. 
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LTS-2020 Component Test Systems 


HANDLER INTERFACE FOR 
HANDLER CONTROL SIGNALS 


X 


UNIDIRECTIONAL RS-232 PORT 
FOR OPTIONAL PRINTER 


BIDIRECTIONAL RS-232 PORT 
FOR COMMUNICATING WITH 
ANY RS-232 DEVICE 


\ 


DUAL DISK DRIVES, DOUBLE-SIDED FOR 
OPERATING SYSTEM. MASS STORAGE OF DATA, 
USER PROGRAMS, AND SUPPLIED PROGRAMS 


- IEEE 488 PORT (OPTIONAL) 



DEVICE SOCKET 


SOCKET PC BOARD 


PLUG-IN SOCKET ASSEMBLY 


START TEST BUTTON - OPERATOR 
INSTALLS DEVICE IN THE SOCKET 
AND PUSHES THE BUTTON 


PLUG-IN FAMILY BOARD MODULE (E.G., LINEAR, DIGITAL, 
DATA CONVERSION, DISCRETE, MIXED SIGNAL) 


THE LTS CONCEPT 

The LTS-2020 is a versatile component test system which tests a 
multitude of components to the manufacturer’s specifications 
(linear, digital, data conversion, and discrete devices). The sys- 
tem offers such features as RS-232 ports for networking, IEEE 
for compatibility with handlers and probers, dual disk drives for 
mass storage of data, automatic self-calibration, and a full statis- 
tical analysis software package. 

The LTS-2020 provides several data output formats - datalog, 
yield analysis, and statistical analysis. The console provides the 
primary measurement and control functions to test a specific 
class of devices. The socket assembly is the mechanical and elec- 
tronic interface for the family board and the DUT board. The 
DUT board plugs directly into the socket assembly and contains 
the circuitry and socket, specific to the actual device under test. 

Analog Devices’ component test systems are the first benchtop 
testers that are programmable in BASIC and fill-in-the-blanks 
CREATE. CREATE is menu-driven software which prompts 
the user for data sheet limits and conditions, then builds a com- 
pleted test program for the specified device. Turnkey program 
libraries are available for each of the device families. 

Far more than just comprehensive production testers, these test 
systems can handle complex engineering analysis and incoming 
inspection. They are the first systems that can provide all the 
capabilities of today’s large centralized test systems at a price 
that is approximately one-third the cost. The LTS-2020 not only 
provides the flexibility of distributed or decentralized testing, it 
allows for cost effective multiple system purchases. They 
increase overall test reliability since the threat of a single big 
failure is eliminated in a distributed testing environment. 


LTS-2020 Test Capabilities 

MIXED SIGNAL TEST CAPABILITY 

The LTS-2800 Mixed Signal Family Board and LTS-0680 Test 
Head perform a wide variety of ac and dc parametric tests on 
devices such as complex hybrids, octal DACs, ASICs, convert- 
ers, and pulse width modulators. The family board supplies the 
dc pin drivers, the dc force and measure system, a V cc buffer, 
an rms-to-dc conversion circuit, voltage and current sources, 
and a 24 x 5 switching matrix. With its 24 programmable pin 
drivers, the system can provide high and low digital voltages, a 
three-state (high impedance) output mode, and accurate voltages 
and currents (V/I source). 

The family board incorporates a series of 12-bit calibrated 
sources, used for programming V IL and V IH voltage levels at the 
digital inputs of the device under test. A threshold source for 
programming voltage levels on a comparator is used to detect 
digital output voltage levels accurately. For forcing and measur- 
ing currents, a V/I source provides and measures 10 jxA to 
400 mA and voltages to ±20 V. 

A switching matrix provides system flexibility by allowing any 
one of several capabilities to be switched to any of the pin driv- 
ers. These include the measure system, V/I source, V« and V IL 
sources, the rms-to-dc circuit, and BNC input and output con- 
nectors for interconnection with external instruments using the 
IEEE-488 bus. 

The LTS-0680 Mixed Signal Test Head contains a precise and 
versatile time measure unit which provides accurate ac measure- 
ment of propagation delays, slew rates, pulse widths, and rise 
and fall times. It also incorporates a 16-bit user data bus, 16-bit 
relay driver bus, four 12-bit programmable sources, and a user’s 
expansion board. A square wave source to the DUT provides up 
to ±10 'olt signals, from 1.22 kHz to 2.5 MHz. 
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LTS-2020 Test Capabilities (Continued) 


LINEAR DEVICE TEST CAPABILITY 

The LTS-2101 Operational Amplifier Family Board tests today’s 
very demanding high precision op amps, comparators, and regu- 
lators. This board houses the test loop used in testing op amps 
and comparators and the pulse load circuitry used in developing 
the high currents needed for voltage regulator testing. 

For testing devices under 100 |xV, the LTS-2101 offers a tight 
offset spec of ±(0.25% + 5 |xV). Use of low thermal Emf relays 
and a test loop gain of 10,045 ensures superior low level V os 
measurement performance for optimum repeatability of low 
level signals. 

Testing of low current devices is achieved with the LTS-0614 
Socket Assembly which is designed to test bias and offset cur- 
rents with an accuracy of ±(5% + 25 fA) for any FET ampli- 
fier, including quad devices. Program libraries containing pre- 
written test programs for many standard op amps, comparators 
and regulators are available on disk. 

ANALOG-TO-DIGITAL TEST CAPABILITY 

The LTS-2200 ADC Family Board provides the test circuitry 
required for testing monolithic, hybrid, or modular ADCs. An 
on-board 16-bit microprocessor with 8K bytes of memory acts as 
a slave for the system console and executes preprogrammed test 
routines such as linearity, all codes existence, transition noise 
measurements, and conversion time measurements at high 
speed. Absolute accuracy can be measured within 200 |xV. Lin- 
earity, differential nonlinearity, offset, gain, and PS SR are 
tested to ±0.05 DUT LSB +200 fxV. Turnkey test packages are 
available for many of the standard ADCs currently in use. 

DIGITAL-TO-ANALOG TEST CAPABILITY 

The LTS-2302 DAC Family Board utilizes advanced state-of- 
the-art test techniques to provide comprehensive test capabili- 
ties for a wide variety of D/A converters. It will test both volt- 
age and current output DACs, DACs with and without buffer 
registers, and serial or parallel input DACs to 16-bit accuracy. 

High repeatability on low level signals is achieved because of the 
grounding scheme on the LTS-2302. The incorporation of high 
level components in the V/I circuits ensures true accuracy. In 
addition, the methodology for measuring low bit currents allows 
appropriate testing of this parameter on CMOS DACs. 

Output leakage current on the LTS-2302 is measured with the 
bit drivers to the DAC set to logic 0. Current is measured using 
the I to V converter. A 1 MO resistor within the I to V circuitry 
ensures sensitivity, thereby measuring current down to ± 1 (xA 
full scale. 

DIGITAL DEVICE TEST CAPABILITY 

The LTS-2510 Digital Device Family Board provides 24-pin 
driver/detectors and a precision, four quadrant V/I source for 
testing SSI/MSI TTL and CMOS digital devices. This board 
contains four programmable device supplies and switching cir- 
cuitry necessary for performing accurate parametric measure- 
ments on all device pins. 


Together with the LTS-0655 remote ac test fixture, dynamic 
parametric testing of 24-pin SSI/MSI TTL digital devices can be 
achieved. Accuracies are achieved down to ±4% + 1.5 ns at a 
resolution of 500 ps. Dynamic parameters tested are propagation 
delay, setup, and hold times. 

DISCRETE DEVICE TEST CAPABILITY 

The LTS-2600 Transistor Family Board tests bipolar transistors, 
JFETs, diodes, and optocouplers. An on-board 16-bit micro- 
processor with 4K bytes of memory acts as a slave for the LTS 
system and coordinates the timing and pulse width control of 
the stimulus and measurement signals. In addition, the micro- 
processor monitors the interlock circuitry to insure safe handling 
of high power test signals. 

MOSFET software packages support the testing of N and P 
channel enhancement mode and N channel depletion mode 
devices. Tests which may be performed on MOSFET devices 
include Idss, Igss, Igssf, Igssr, Id (off), Id (on), B Vdss, B 
Vgss, B Vgssf, B Vgssr, Vds (on), Vgs (th), Vgsoff, Vsd, Rds 
(on), and Gsf. 

The Smartpower Test Fixture will support fast, accurate testing 
of devices such as Darlington Arrays, Differential Line 
Drivers/Receivers, and Transceivers/Repeaters. It contains a 
matrix board which facilitates the muxing of High Voltage/High 
Current V/Is, a nonometer, diffamp, 16-bit measure system, and 
mecca ground reference to any one of eight matrix points at the 
DUT site and eight dc pin drivers programmable to any one of 
four modes - V/I, V IH , V IL or Tristate. This configuration 
allows true digital dc parametric testing of the front end of 
smartpower devices while providing the high voltage and high 
current capability to test the discrete output stage. 

ANALOG SWITCH TEST CAPABILITY 

The LTS-2700 Analog Switch Family Board adds switch and 
multiplexer testing capability to the LTS-2020. This test capa- 
bility, with CREATE software, allows datalogged device testing 
at the incoming inspection and semiconductor manufacturing 
levels and includes software power for use in component evalua- 
tion applications. 

The LTS-2700 tests on and off drain to source leakage currents 
with an accuracy of 250 pA while forcing differential voltages up 
to 50 V (± 25 V from GND). Other tests performed are drain 
to source on resistance, greatest change in drain-source on resis- 
tance between channels, digital input current and supply cur- 
rent. 

Twenty high integrity analog lines are provided - four to be 
used as drain connections and sixteen for source connections. 
Also provided are eight programmable digital drivers, four digi- 
tal control bits, six variable power supplies, and one fixed +5 V 
supply. These combinations of sources provide testing of devices 
such as 4-channel switches, 16 to 1 multiplexers, and other com- 
binations of switches and multiplexers. 
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Package Information 

Contents 


ADI LETTER 



ADI LETTER 



DESIGNATOR 

DESCRIPTION 

PAGE 

DESIGNATOR 

DESCRIPTION 

PAGE 

Side Brazed DIP (Ceramic) 


Plastic DIP 



D-14 

14 Lead 

14-2 

N-8 

8 Lead 

14-44 

D-16 

16 Lead 

14-3 

N-14 

14 Lead 

14-45 

D-1B 

18 Lead 

14-4 

N-16 

16 Lead 

14-46 

D-20 

20 Lead 

14-5 

N-18 

18 Lead 

14-47 

D-22 

22 Lead 

14-6 

N-20 

20 Lead 

14-48 

D-24 

24 Lead 

14-7 

N-24 

24 Lead 

14-49 

D-24A 

24 Lead (Single Width) 

14-8 

N-24A 

24 Lead (Double Width) 

14-50 

D-28 

28 Lead 

14-9 

N-28 

28 Lead 

14-51 

D-28A 

28 Lead 

14-10 

N-28A 

28 Lead 

14-52 

D-40 

40 Lead 

14- 11 

N-40A 

40 Lead 

14-53 

Side Brazed DIP for Hybrids (Ceramic) 


Plastic Leaded Chip Carrier (PLCC) 


DH-24A 

24 Lead 

14-12 

P-20A 

20 Lead 

14-54 

DH-24C 

24 Lead (Large Cavity) 

14-13 

P-28A 

28 Lead 

14-55 

DH-28 

28 Lead (Large Cavity) 

14- 14 

P-44A 

44 Lead 

14-56 

DH-32B 

32 Lead (“Skinny”) 

14-15 




DH-32C 

32 Lead (Small Cavity) 

14- 16 

Cerdip 



DH-32D 

32 Lead (Medium Cavity) 

14- 17 

Q-8 

8 Lead 

14-57 

DH-48 

48 Lead 

14-18 

Q-14 

14 Lead 

14-58 




Q-16 

16 Lead 

14-59 

Bottom Brazed DIP (Ceramic) 


Q-18 

18 Lead 

14-60 

DH-14A 

14 Lead 

14-19 

Q-20 

20 Lead 

14-61 

DH-14C 

14 Lead 

14-20 

Q-22 

22 Lead 

14-62 

DH-24B 

24 Lead 

14-21 

Q-24 

24 Lead 

14-63 

DH-28A 

28 Lead 

14-22 

Q-28 

20 Lead 

14-64 

DH-32E 

32 Lead 

14-23 




DH-40A 

40 Lead 

14-24 

Small Outline (SOIC) 





R-8 

8 Lead 

14-65 

Metal Platform DIP 


R-16 

16 Lead 

14-66 

DH-14B 

14 Lead 

14-25 

R-20 

20 Lead 

14-67 

DH-16B 

16 Lead 

14-26 




DH-24D 

24 Lead 

14-27 

Leaded Chip Carrier (Ceramic) 


DH-28B 

28 Lead 

14-28 

Z-68 

68 Lead 

14-68 

DH-32A 

32 Lead 

14-29 




M-24A 

24 Lead 

14-30 




M-32 

32 Lead 

14-31 




M-40 

40 Lead 

14-32 




M-46 

46 Lead 

14-33 




Leadless Chip Carrier (Ceramic) 





E-20A 

20 Terminal 

14-34 




E-28A 

28 Terminal 

14-35 




E-44A 

44 Terminal 

14-36 




E-68A 

68 Terminal 

14-37 




Metal Can 






H-02A 

2 Lead 

14-38 




H-03A 

3 Lead (TO-52) 

14-39 




H-03B 

3 Lead (TO-5 Style) 

14-40 




H-08A 

8 Lead (TO-99) 

14-41 




H-08B 

8 Lead (TO-99 Style) 

14-42 




H-10A 

10 Lead (TO- 100) 

14-43 





PACKAGE INFORMATION 74-7 




Package Outline Dimensions 


D-14 

14-Lead Side Brazed Ceramic DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MSN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


0.785 


19.94 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twelve spaces. 
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D-16 

16-Lead Side Brazed Ceramic DIP 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


0.840 


21.34 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.080 


2.03 

5 

s, 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b<i may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Fourteen spaces. 
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D-18 

18-Lead Side Brazed Ceramic DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

hi 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


0.960 


24.38 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



r Q 

0.015 

0.060 

0.38 

1.52 

3 

s 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Sixteen spaces. 
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D-20 

20-Lead Side Brazed Ceramic DIP 



SEATING 

PLANE 



b-H 



K- b. 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

bi 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

b 


1.060 


26.92 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.080 


2.03 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Eighteen spaces. 
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D-22 

22-Lead Side Brazed Ceramic DIP 


SEATING 

PLANE 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

| MAX 

MIN 

| MAX 

A 

| 0.200 

| 5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 

I”! 1 

| 28.22 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 | 

381 1 


Q 

0.015 

| 0.060 

0.38 

\ys2 

3 

S 

0.080 

2.03 

5 

s, 

0.005 

0.13 

5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty spaces. 
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D-24 

24-Lead Side Brazed Ceramic DIP 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


1.290 


32.77 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

Ei 

0.590 

0.620 

14.99 

15.75 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.120 

0.200 

3.05 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.075 

0.38 

1.91 

3 

S 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension h, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-two spaces. 
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D-24A 

24-Lead Side Brazed Ceramic DIP (Single Width) 


H K Si 


SEE 

NOTE1 


K- s 


24 




13 


12 


SEATING 

PLANE 


mmmm 


b-*H 


L, 


-H K-«h 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

bi 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


1.280 


32.51 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 


Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b i may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-two spaces. 
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D-28 

28-Lead Side Brazed Ceramic DIP 


SEATING 

PLANE 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.026 

0.36 

0.66 

6 

bi 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.018 

0.20 

0.46 

6 

D 


1.490 


37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

Ei 

0.590 

0.620 

14.99 

15.75 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.100 


2.54 

5 

s, 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b? may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-six spaces. 
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D-28A 

28-Pin Side Brazed 




SYMBOL 

INCHES 

MILLIMETERS 


(OSH 

MAX 

gUSSZJH 

MAX 

NOTES 

A 


0.175 


4.45 


A, 



1.02 


3 

B 

0.015 

0.020 

0.38 

0.51 

5 

Bi 


0.055 

1.14 

1.40 

2,5 

C 


0.012 

0.20 

0.30 

5 

D 


1.420 


36.07 

4 

Ei 

0.580 

0.605 

14.73 

15.37 

4 

®A 

0.600 TYP 

15.24 TYP 


ei 


0.105 

2.41 

2.67 

6 

L 

0.200 


5.08 




NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension Bj may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

6. Twenty-six spaces. 
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D-40 

40-Lead Side Brazed Ceramic DIP 


SEATING 

PLANE 



M U 

k e, *| 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


2.096 


53.24 

4 

E 

0.590 

0.620 

12.95 

15.75 

4 

Ei 

0.520 

0.630 

13.21 

16.00 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s, 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b* may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Thirty-eight spaces. 
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DH-24A 

24-Lead Size Brazed Ceramic DIP for Hybrid 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 


bi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 


D 


1.212 


29.69 


E 

0.580 

0.600 

14.21 

14.70 


E, 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.120 

0.200 

3.05 

5.08 


Li 

0.180 


4.57 



Q 

0.015 

0.075 

0.38 

1.91 

3 

S 


0.098 


2.49 

5 

Si 

0,005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Twenty-two spaces. 
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DH-24C 

24-Lead Side Brazed Ceramic DIP for Hybrid (Large Cavity) 




NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E, shall be measured at the centerline of the leads. 

7. Twenty-two spaces. 
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DH-28 

28-Lead Side Brazed Ceramic DIP for Hybrid (Large Cavity) 


SEATING 

PLANE 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 


bi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 


D 


1.414 


34.64 


E 

0.580 

0.610 

14.73 

15.49 


Ei 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.120 

0.200 

3.05 

5.08 


Li 

0.180 


4.57 



Q 

0.015 

0.075 

0.38 

<1.91 

3 

S 


0.098 


2.49 

5 

s. 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b-i may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Twenty-six spaces. 
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DH-32B 

32-Lead Side Brazed Ceramic DIP for Hybrid (“Skinny”) 


SEATING 


PLANE 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Thirty spaces. 



PACKAGE INFORMATION 14-15 












































DH-32C 

32-Lead Side Brazed Ceramic DIP for Hybrid (Small Cavity) 



SYMBOL 

INCHES 


NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.280 




b 


0.020 

HESO 



bi 


0.055 

HEE9I 

1.40 

2 

c 

0.009 

0.012 

HEEH 



D 


1.620 




E 


0.910 


23.11 


Ei 


0.930 



6 

e 


2.54 BSC 

4,7 

L 


0.180 




Li 


0.230 


5.84 


Q 

EEE91 

0.060 

3 

1.52 

3 

S 


0.098 


2.49 

5 

Si 

0.005 




5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E-i shall be measured at the centerline of the leads. 

7. Thirty spaces. 
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DH-32D 

32-Lead Side Brazed Ceramic DIP for Hybrid (Medium Cavity) 


SEATING 

PLANE 



I I 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.280 


7.11 


b 

0.016 

0.020 

0.41 

0.51 


bi 

0.035 

0.055 

0.89 

1.40 

2 

c 

0.009 

0.012 

0.23 

0.31 


D 


1.616 


39.59 


E 

0.870 

0.910 

22.10 

23.11 


Ei 

0.890 

0.930 

22.61 

23.62 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.180 


4.57 



Q 

0.015 

0.060 

1.02 

1.52 

3 

S 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 7 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E-, shall be measured at the centerline of the leads. 

7. Thirty spaces. 
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NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Forty-six spaces. 
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T 



bn 



INCHES ! 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 


0.220 


5.59 

0.014 

0.023 

0.36 

0.58 

0.030 

0.070 

0.76 

1.78 

0.008 

0.015 

0.20 

0.38 


0.805 


20.45 

0.480 

0.505 

12.19 

12.83 

0.290 

0.320 

7.37 

8.13 



L 

0.125 

0.200 

3.18 

5.08 


Li 

0.180 


4.57 



Q 

0.015 

0.060 

0.38 

1.52 3 


S 


0.098 


2.49 5 


s, 

0.005 


0.13 

5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b ? may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. Ei shall be measured at the centerline of the leads. 

7. Twelve spaces. 
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-ead Bi 


INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.140 

0.200 

3.56 

5.08 

0.014 

0.023 

0.36 

0.58 

0.030 

0.070 

0.76 

1.78 

0.008 

0.015 

0.20 

0.38 

0.770 

0.810 

19.56 

20.57 

0.480 

0.510 

12.19 

12.95 

0.295 

0.305 

7.49 

7.75 

0.100 BSC | 

| 2.54 BSC 

0.150 

0.200 

3.05 

5.08 

0.180 


4.57 


0.015 

0.035 

0.38 

1.91 


0.137 


3.48 

0.060 


0.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Twelve spaces. 


14-20 PACKAGE INFORMATION 






DH-24B 

24-Lead Bottom Brazed Ceramic DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 


hi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 


D 


1.320 


33.53 


E 

0.770 

0.810 

19.56 

20.57 


Ei 

0.550 

0.620 

14.99 

15.75 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.120 

0.200 

3.05 

5.08 


L, 

0.180 


4.57 



Q 

0.015 

0.075 

0.38 

1.91 

3 

S 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Twenty-two spaces. 
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DH-28A 

28-Lead Bottom Brazed Ceramic DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 


bi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 


D 


1.575 


40.00 


E 

0.770 

0.810 

19.56 

20.57 


Ei 

0.550 

0.620 

14.99 

15.75 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.120 

0.200 

3.05 

5.08 


Li 

0.180 


4.57 



Q 

0.015 

0.075 

0.38 

1.91 

3 

S 


0.137 


3.48 

5 

s. 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The base pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E n shall be measured at the centerline of all the leads. 

7. Twenty-six spaces. 
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DH-32E 

32-Lead Bottom Brazed Ceramic DIP 


see i 

NOTE1 


SEATING 

PLANE 






“»1 e k 


L, 

_L 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.023 

0.36 

0.58 


hi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 


D 


1.750 


44.31 


E 

1.075 

1.105 

27.31 

28.07 


Ei 

0.850 

0.920 

21.59 

23.37 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.120 

0.200 

3.05 

5.08 


_ L, 

0.180 


4.57 



Q 

0.015 

0.075 

0.38 

1.91 

3 

s 


0.120 


3.05 

5 

s t 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark is 
located adjacent to lead one. 

2. The minimum limit for dimension b , may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between cen- 
terlines. 

5. Applies to all four corners. 

6. E-i shall be measured at the centerline of the leads. 

7. Thirty spaces. 
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DH-40A 

40-Lead Bottom Brazed Ceramic DIP 




NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Applies to all four corners. 

6. E, shall be measured at the centerline of the leads. 

7. Thirty-eight spaces. 
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DH-14B 

14-Lead Metal Platform DIP 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


4>b 

0.014 

0.023 

0.36 

0.58 

2 

D 


0.885 


22.48 


E 

0.490 

0.520 

12.45 

13.21 


Ei 

0.295 

0.305 

7.49 

7.75 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.140 

0.200 

3.56 

5.08 


Li 

0.160 


4.57 



Q 

0.015 

0.075 

0.38 

1.91 

3 


NOTES 

1. Index area; a square comer or a lead one identification 
mark is located adjacent to lead one. 

2. The minimum limit for dimension bt may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E-, shall be measured at the centerline of the leads. 

7. Twelve spaces. 
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DH-16B 

16-Lead Metal Platform DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.175 

0.215 

4.45 

5.46 


<|>b 

0.016 

0.020 

0.41 

0.51 


D 

0.960 

0.985 

24.40 

25.00 


E 

0.490 

0.520 

12.45 

13.21 


Ei 

0.295 

0.305 

7.49 

7.75 

4 

e 

0.095 

0.105 

2.41 

2.67 

5 

Li 

0.160 

0.255 

4.06 

6.48 



NOTES 

1. Index area; a square comer or a lead one identification 
mark is located adjacent to lead one. 

2. Pin 6 is electrically connected to the case. 

3. Case has metal bottom surface. 

4. E, shall be measured at the centerline of the leads. 

5. Fourteen spaces. 
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*6~ Q UJ 


DH-24D 

24-Lead Metal Platform DIP 


SEE 

NOTE1 

X 


r 24 

— o 

13 1 

. 1 

idj 

— — — D ► 


INCHES 


MIN MAX 


0.016 


1.385 


0.810 


0.590 0.610 


0.100 BSC 


0.140 0.210 


MILLIMETERS 

MIN I MAX NOTES 


6.35 


0.41 0.51 


35.18 


20.57 


15.00 15.50 


2.54 BSC 


3.56 5.33 


NOTES 

1. Index area; a colored bead or identification mark is 
located at lead one. 

2. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

3. E 1 shall be measured at the centerline of the leads. 
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DH-28B 

28-Lead Metal Platform DIP 



NOTES 

1. Index area; a colored bead or identification mark is 
located at lead one. 

2. Dimension Q shall be measured from the seating 
plane to the base plane. 

3. The basic spacing is 0.100" (2.54mm) between 
centerlines. 

4. E n shall be measured at the centerline of the leads. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.185 

0.205 

4.70 

5.21 


<|>b 

0.016 

0.020 

0.41 

0.51 


D 

1.555 

1.585 

39.50 

40.26 


E 

0.785 

0.805 

19.93 

20.48 


Ei 

0.590 

0.610 

15.00 

15.50 

4 

e 

0.100 BSC 

2.54 BSC 

3 

L 

0.140 

0.210 

3.56 

5.33 


Q 

0.020 

0.030 

0.51 

0.76 

2 
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DH-32A 

32-Lead Metal Platform DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.280 


7.11 


<t>b 

0.016 

0.020 

0.41 

0.51 

2 

D 


1.755 


44.58 


E 

1.125 

1.155 

28.58 

29.34 


Ei 

0.890 

0.910 

22.61 

23.11 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.140 

0.210 

3.56 

5.33 


L, 

0.160 


3.81 



Q 

0.020 

0.030 

0.52 

0.75 

3 


NOTES 

1. Index area; a colored bead or identification mark is 
located at lead one. 

2. The minimum limit for dimension <|>b may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. E 1 shall be measured at the centerline of the leads. 

7. Thirty spaces. 
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M-24A 

24-Lead Metal Platform DIP 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

b 

0.014 

0.023 

0.36 

0.58 


D 

1.265 

1.280 

32.131 

32.51 


E 

0.765 

0.780 

19.431 

19.80 


E, 

0.590 

0.620 

12.95 

15.75 

3 

e 

0.090 

0.110 

2.29 

2.79 

4 

Li 

0.230 

0.270 

5.84 

6.85 


S 


0.090 


2.29 

2 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. Applies to all four corners. 

3. E-, shall be measured at the centerline of the leads. 

7. Twenty-two spaces. 
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r 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 


0.020 


0.51 


D 


1.745 


44.323 


D, 

1.494 

1.506 

37.948 

38.252 


E 


1.145 


29.083 


Ei 

0.880 

0.920 

22.352 

23.368 

3 

e 

0.098 

0.102 

2.49 

2.59 

4 

Li 

0.240 


6.09 



S 

0.115 

0.135 

2.92 

3.43 

2 

Si 

0.115 

0.135 

2.92 

3.43 

2 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. Applies to all four corners. 

3. E-, shall be measured at the centerline of the leads. 

4. Thirty spaces. 




PACKAGE INFORMATION 14-31 



M-40 

40-Lead Metal Platform DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 




4.83 


D 


2.145 


54.483 


D, 

1.894 

1.906 

48.108 

48.412 


E 


1.145 


29.083 


E, 

0.880 

0.920 

22.352 

23.368 

3 

e 

0.098 

0.102 

2.49 

2.59 

4 

Li 

0.240 


6.09 



S 

0.115 

0.135 

2.92 

3.43 

2 

Si 

0.115 

0.135 

2.92 

3.43 

2 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. Applies to all four corners. 

3. E 1 shall be measured at the centerline of the leads. 

4. Thirty-Eight spaces. 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.231 




b 

0.016 

0.020 

0.410 



D 


2.380 


60.452 


o. 

2.194 

2.206 

55.728 

56.032 


E 


1.580 


40.132 


Ei 

1.280 

1.320 

32.512 

33.528 

3 

e 

0.098 

0.102 

2.49 

2.59 

4 

L, 


0.210 


5.334 


S 

0.080 

0.100 

2.032 

2.54 

2 

Si 

0.130 

0.150 

3.302 

3.81 

2 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. Applies to all four comers. 

3. Et shall be measured at the centerline of the leads. 

4. Forty-four spaces. 
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E-20A 

20>Terminal Leadless Ceramic Chip Carrier 




NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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E-28A 

28-Terminal Leadless Ceramic Chip Carrier 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.064 

0.100 

1.63 

2.54 

1 

Bi 

0.022 

0.028 

0.56 

0.71 


D 

0.442 

0.458 

11.23 

11.63 

2 

D, 

0.075 REF 

1.91 REF 


e 

0.050 BSC 

1.27 BSC 


i 

0.020 REF 

0.51 


h 

0.040 REF 

' L02 


L 

0.045 | 0.055 

1.14 | 1.40 ” 1 



NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to alt 4 sides. 

3. All terminals are gold plated. 
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E-44A 

44-Terminal Leadless Ceramic Chip Carrier 




NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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E-68A 

68-Terminal Leadless Chip Carrier 



NOTES 

1. Dimension controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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H-02A 

2-Lead Metal Can 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.125 

0.150 

Hiifi 

3.81 


<j>b 


WXS9M 


0.48 

2 

<t>D 

BBB3I 

EE&HI 

■ ■ 

5.84 


4>D, 

0.178 


WBSM 

4.95 


©i 

0.100 BSC 

2.54 BSC 

1 

k 

0.036 

0.045 

0.91 

1.17 


ki 


1H9 

mbsm 

mrm 


L 


BJSS3H 

■KSeZSI 

KEggi 


a 

45° BSC 

45° BSC 

1 


NOTES 

1. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.54" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to the maximum-width tab. 

2. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-03A 

3-Lead Metal Can (TO-52) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.115 

0.150 

2.92 

3.81 


<|>b 


0.021 


0.53 

1,4 

<t>b 2 

0.016 

0.019 

0.41 

0.48 

1,4 

<J>D 

0.209 

0.230 

5.31 

5.84 



0.178 

0.195 

4.52 

4.95 


e 

0.100T.P. 

2.54 T.P. 

2 

®i 

0.050 T.P. 

1.27 T.P. 

2 

F 


0.030 


0.76 


j 

0.036 

0.046 

0.91 

1.17 


k 

0.028 

0.048 

0.71 

1.22 

3 

L 

0.500 


12.70 


1 

Li 


0.050 


1.27 

1 

l 2 

0.250 


6.35 



a 

45°T.P. 





NOTES 

1 . (Three Leads) <f>b 2 applies between L, and L 2 . <J>b applies 
between L 2 and 0.5" (12.70mm) from seating plane. 
Diameter is uncontrolled in Li and beyond 0.5" 
(12.70mm) from seating plane. 

2. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.054" (1.4mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-03B 

3-Lead Metal Can (TO-5 Style) 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 


4>b 

0.016 

0.021 

0.41 

0.53 

2,7 

<J>b 2 

0.016 

0.019 

0.41 

0.48 

2,7 

<|>D 

0.335 

0.370 

8.51 

9.40 


<(>0-1 

0.305 

0.335 

7.75 

8.51 


e 

0.200 T.P. 

5.08 T.P. 

4 

ei 

0.100 T.P. 

2.54 T.P. 


h 

0.015 

0.035 

0.38 

0.89 


i 

0.028 

0.034 

0.71 

0.86 


k 

0.029 

0.045 

0.74 

1.14 

3 

L 

0.500 


12.70 


2 

Li 


0.050 


1.27 

2 

L* 

0.250 


6.35 


2 

P 

0.100 


2.54 


1 

Q 





5 

r 


0.007 


0.18 


a 

45° T.P. 




NOTES 

1. This zone is controlled for automatic handling. The 
variation in actual diameter within the zone shall not 
exceed 0.010" (0.25mm). 

2. (Three leads) <f>b 2 applies between L t and L 2 . 4>b applies 
between L 2 and 0.500" (12.70mm) from seating plane. 
Diameter is uncontrolled in L , and beyond 0.500" 
(12.70mm) from seating plane. 

3. Measured from maximum diameter of the actual 
device. 

4. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.54" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to the maximum-width tab. 

5. Details of outline in this zone optional. 

6. Lead #3 connected to case. 

7. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-08A 

8-Lead Metal Can (TO-99) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 


4>b 

0.016 

0.019 

0.41 

0.48 

1,4 

<!>bi 

0.016 

0.021 

0.41 

0.53 

1,4 

4»D 

0.335 

0.370 

8.51 

9.40 


<!>Di 

0.305 

0.335 

7.75 

8.51 


4>D 2 

0.110 

0.160 

2.79 

4.06 


e 

0.200 BSC 

5.08 BSC 

3 

®i 

0.100 BSC 

2.54 BSC 

3 

f 


0.040 


1.02 


k 

0.027 

0.034 

0.69 

0.86 


ki 

0.027 

0.045 

0.69 

1.14 


L 

0.500 

0.750 

12.70 

19.05 


L, 


0.050 


1.27 


l 2 

0.250 


6.35 



Q 

0.010 

0.045 

0.25 

1.14 


a 

45° BSC 

45° BSC 

3 



NOTES 

1. (All leads) <f>b applies between L, and L 2 . 4>bt applies 
between L 2 and 0.500" (12.70mm) from the reference 
plane. Diameter is uncontrolled in L -i and beyond 0.500" 
(12.70mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the base plane of 
the product are within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-08B 

8-Lead Metal Can (TO-99 Style) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 


<J>b 

0.016 

0.019 

0.41 

0.48 

1,4 


0.016 

0.021 

0.41 

0.53 

1,4 

4>D 

0.335 

0.370 

8.51 

9.40 


4>Di 

0.305 

0.335 

7.75 

8.51 


4>d 2 

0.110 

0.160 

2.79 

4.06 


e 

0.230 BSC 

5.84 BSC 

3 

e t 

0.1 15 BSC 

2.92 BSC 

3 

F 


0.040 


1.02 


k 

0.027 

0.034 

0.69 

0.86 


ki 

0.027 

0.045 

0.69 

1.14 

2 

L 

0.500 

0.750 

12.70 

19.05 

1 

Li 


0.050 


1.27 

1 

l 2 

0.250 


6.35 


1 

Q 

0.010 

0.045 

0.25 

1.14 


a 

45° BSC 

45° BSC 

3 


NOTES 

1. (All leads) <)>b applies between Lj and L 2 . <f>b 1 applies 
between L 2 and 0.500" (12.70mm) from the reference 
plane. Diameter is uncontrolled in L-i and beyond 0.500" 
(12.70mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the base plane of 
the product are within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-10A 

10-Lead Metal Can (TO-lOO) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 


4>b 

0.016 

0.019 

0.41 

0.48 

1,4 

4»b, 

0.016 

0.021 

0.41 

0.53 

1,4 

4>D 

0.335 

0.370 

8.51 

9.40 



0.305 

0.335 

7.75 

8.51 


4>d 2 

0.110 

0.160 

2.79 

4.06 


e 

0.230 BSC 

5.84 BSC 

3 

®i 

0.1 15 BSC 

2.92 BSC 

3 

F 


0.040 


1.02 


k 

0.027 

0.034 

0.69 

0.86 


ki 

0.027 

0.045 

0.69 

1.14 

2 

L 

0.500 

0.750 

12.70 

19.05 

1 

Li 


0.050 


1.27 

1 

l 2 

0.250 


6.35 


1 

Q 

0.010 

0.045 

0.25 

1.14 


a 

36° BSC 

36° BSC 

3 


NOTES 

1 . (Three Leads) <|>b 2 applies between Li and L 2 . <f>b applies 
between L 2 and 0.5" (12.70mm) from seating plane. 
Diameter is uncontrolled in L , and beyond 0.5" 
(12.70mm) from seating plane. 

2. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.054" (1.4mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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N-8 

8-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


hi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.348 

0.430 

8.84 

10.92 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


L, 

0,150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-14 

14-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


b, 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.725 

0.795 

18.42 

20.19 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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INCHES 

! MILLIMETERS | 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


b, 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.745 

0.840 

18.93 

21.33 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

| 0.100 BSC i 

! 2.54 BSC | 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-20 

20-Lead Plastic DIP 





INCHES | 

[ MILLIMETERS i 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.925 

1.060 

23.50 

26.90 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

| 0.100 BSC | 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-24 

24-Lead Plastic DIP 


SEATING 

PLANE 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 

.. 

5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


b. 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

1.125 

1.275 

28.60 

32.30 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-24A 

24-Lead Plastic DIP (Double Width) 


SEATING 

PLANE 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.250 


6.35 


a 2 

0.125 

0.195 

3.18 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


hi 

0.030 

0.070 

0.77 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

1.150 

1.290 

29.30 

32.70 

2 

E 

0.600 

0.625 

15.24 

15.87 


Ei 

0.485 

0.580 

12.32 

14.73 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-28 

28-Lead Plastic DIP 



SEATING 


PLANE 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-28A 

28-Pin Plastic DIP 



SYMBOL 


MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

A 




BBS! 


b 




BEEE3I 

3 

c 



0.203 

B0E3 

3 

D 

KIWI 


35.580 

BUS 3 


E 


Bfe!B 

■EE33Z3 

13.970 


Ei 



B *j| 


2 

e 

EElEI 

0.105 

2.420 

WE5EM 

4 

L 

0.120 

■B 

bessj 

BEES! 


Q 


f /Irj'tl 

BEEJ1 



a 

OH 

15° 

0° 

15° 



NOTES 

1. index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 

3. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

4. Twenty-six spaces. 
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40-Pin Plastic DIP 
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SYMBOL 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.385 

0.395 

9.78 

10.02 

B 

0.385 

0.395 

9.78 

10.02 

C 

0.165 

0.180 

4.19 

4.57 

D 

0.025 

0.040 

0.64 

1.01 

E 

0.085 

0.110 

2.16 

2.79 

F 

0.013 

0.021 

0.33 

0.53 

G 

0.050 BSC 

1.27 BSC 

H 

0.026 

0.032 

0.66 

0.81 

J 

0.015 

0.025 

0.38 

0.63 

K 

0.290 

0.330 

7.37 

8.38 

R 

0.350 

0.356 

8.89 

9.04 

U 

0.350 

0.356 

8.89 

9.04 

V 

0.042 

0.048 

1.07 

1.21 

W 

0.042 

0.048 

1.07 

1.21 

X 

0.042 

0.056 

1.07 

1.42 

Y 


0.020 


0.50 
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Q-8 

8-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


0.405 


10.29 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.055 


1.35 

5 

s, 

0.005 


0.13 


5 

a 

0° 

15° 

0° 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E-, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Six spaces. 
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Q-14 

14-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


0.785 


19.94 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s. 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b •, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twelve spaces. 
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v>\u> 


Q-16 

16-Lead Cerdip 




NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E-, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Fourteen spaces. 
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Q-18 

18-Lead Cerdip 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


0.960 


24.38 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s. 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b ■, may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E 1 shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Sixteen spaces. 
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Q-20 

20-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


1.060 


26.92 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s. 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b! may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Eighteen spaces. 
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Q-22 

22-Lead Cerdip 




NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b-, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E 1 shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

8. Twenty spaces. 


14-62 PACKAGE INFORMATION 
































Q-24 

24-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


1.280 


32.51 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s. 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E , shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twenty-two spaces. 
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Q-28 

28-Lead Cerdip 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E-, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twenty-six spaces. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.026 

0.36 

0.66 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.018 

0.20 

0.46 

7 

D 


1.490 


37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

Ei 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 


0.38 


3 

S 


0.100 


2.54 

5 

Si 

0.005 


0.13 


5 

Of 

0° 

15° 

0° 

15° 
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Ordering Guide 


INTRODUCTION 

This Ordering Guide should make it easy to order Analog Devices products, whether you’re buying one IC op amp, a 
multi-option subsystem, or 1000 each of 15 different items. It will help you: 

1 . Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, 
Mass. U.S.A. (617-329-4700). 

MODEL NUMBERING 

Many of the data sheets in the Databook for products having a number of standard options contain an Ordering Guide. 

Use it to specify the correct part number for the exact combination of options you want. I.C. and hybrid part numbers are 
created using one of these two systems: 

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It 
consists of an “AD” (Analog Devices) prefix, a 3-to-5-digit model number 1 *', an alphabetic performance/temperature-range 
designator and a package designator. One or two additional letters may immediately follow the digits (“A” for second-generation 
redesigned ICs, “DI” for dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for some hybrid circuits. 
The number starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and 
alphabetic designators (as applicable) to indicate additional functional designations or options and packaging options. 


[NANN] 
AD XXXX 


A Y Z 


ANALOG 

DEVICES 

PREFIX 


THREE-TO-FIVE I 
DIGIT NUMBERS f 


1 OR 2 LETTERS 
PROVIDE ADDITIONAL 
GENERAL INFORMATION 
A: SECOND GENERATION 
DI: DIELECTRICALLY 
ISOLATED 

2: OPERATION ON ±12V SUPPLIES 


PERFORMANCE- 
TEMPERATURE RANGE 
DESIGNATOR 1 


— 25°C OR — 40°C TO +85°C 


— 55°C TO + 125°C 


I | INCREASING 
J 1 PARAMETRIC 
I K ' PERFORMANCE 

M BEST OVERALL 
( PERFORMANCE 

f 1 INCREASING 
| {J I PERFORMANCE 

I C BEST OVERALL 
[ PERFORMANCE 

f i INCREASING 
S } PERFORMANCE 

U BEST OVERALL 
PERFORMANCE 


PACKAGE OPTIONS: ! 

D 

HERMETICALLY SEALED DIP, 


CERAMIC OR METAL 

E 

LEADLESS CHIP CARRIER 

F 

CERAMIC FLATPACK 

H 

METAL CAN, HERMETICALLY 


SEALED 

M 

METAL-CAN DIP, HERMETICALLY 


SEALED-COMPUTER LABS 

N 

PLASTIC DIP 

P 

PLASTIC LEADLESS CHIP 


CARRIER 

Q 

CERDIP 

R 

SMALL OUTLINE 

CHIPS 

MONOLOTHICCHIP 1 


EXAMPLES: 

AD521KCHIPS 

AD7524AD 

AD536ASH/883B 

AD7512DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX 
SERIES WERE FORMERLY DESIGNATED 
AD75XX/COM/CHIPS AND AD75XX/MIL/CHIPS 
AND MAY APPEAR ON PRICE LISTS WITH 
THOSE DESIGNATIONS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75XX 
CHIPS. 


Figure 1. Model-Number Designations for Standard 
Analog Devices Monolithic and Hybrid IC Products. 

S, T and U Grades have the Added Suffix, A 883B for 
Devices that Qualify to the Latest Revision of MIL-STD- 
883, Level B. 


*For some models, the combination [digit][letter][two or three digits] is used instead of ADXXXX, e.g., 2S80. 
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XXX - YYZZ W M B 


THREE- OR 
FOUR-CHARACTER 
ALPHABETIC 
PREFIX 


lT 


THREE- OR FOUR- 
NUMERAL FUNCTIONAL 
GROUPING. FOR 
CONVERTERS 
YY MAY DENOTE 
RESOLUTION, ZZ SPEED 


ADDITIONAL FUNCTIONAL 
DESIGNATION OR OPTION 
e g., E, C, A, ETC. 


MILITARY OPTIONS 
/883: SCREENED TO 
MIL-STD 883, PER 
METHOD 5008 
B. SCREENED 
TO MIL-STD 883 
CLASS B 


PACKAGE OPTION 
M OR H 
HERMETICALLY 
SEALED 

METAL-CASE DIP 


EXAMPLES: 


HYBRID 


H A S- 12 

JT T 


A/D 

CONVERTER — 1 1 


12-BIT 


02 M 


TL 


HERMETIC 
METAL CASE 


1 2.2ns 


HYBRID 


H D S- 10 15 E, 


D/A 

CONVERTER — 1 


HDS-1015EM 


HERMETIC 

METAL 

CASE 


10-BITS 

15ns TO 0.1% 
(VOLTAGE) 

ECL 


HDS-1015EMB 


TL 


100% SCREENED 
TO MIL-STD 883 
CLASS B 


Figure 2. Computer Labs Video Hybrid Product Designations 


SECOND SOURCE 

In addition to our many proprietary products, we also manufacture devices that are fit-, form-, and function-compatible 
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we 
usually add the prefix “AD” to the familiar model number (example: ADDAC85C-CBI-V). 

ORDERING FROM ANALOG DEVICES 

When placing an order, please provide specific information regarding model type, number, option designations, quantity, 
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All 
shipments are F.O.B. factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the 
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders 
will be acknowledged when received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. On all 
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing charge is required. 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the 
goods if you are ordering for delivery to a destination in Massachusetts). 

WARRANTY AND REPAIR CHARGE POLICIES 

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and 
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others 
are warranted only to the extent of the original manufacturers’ warranties, if any, except for component test systems, which 
have a 180-day warranty, and jxMAC and MACSYM systems, which have a 90-day warranty. This warranty does not 
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or application, or 
which have been repaired or altered by others. Analog Devices’ sole liability and the Purchaser’s sole remedy under this 
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not 
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or 
which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential 
damages under any circumstances. 


THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Not Included in the Databook 
(But Still Available) 


The information published in this Databook is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below 
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for 
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, 
and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 


Model 

Model 

Model 

Model 

Model 

AD101 

AD7522 

DAS 1128 

SDC1702/RDC1702 

234 

AD 108/208/308 

AD7523 

DAS 11 50 

SDC1704/RDC1704 

235 

AD 108 A/208 A/308 A 

AD7525 

DAS1151 

SDC171 1/RDC171 1 

260 

ADI 11/211/311 

AD7530 

DAS1155 

SDC1721 

261 

AD293 

AD7531 

nAsm* 

SDCI725/RDC1725 

272 

AD294 

AD7541 

DRC 1765/66 

SDC1726/RDC1726 

273 

AD351 

AD7546 

DSC1705/06 

SDC1768/RDC1768 

275 

AD370/371 

AD7550 

DTM1716/17 

SHA-2A 

276 

AD503 

AD7552 

HAS-0802 

SHA-5 

277 

AD506 

AD7571 

HAS- 1002 

SHA-1114 

285 

AD510 

AD7574 

HDD-1409 

SHA-1134 

288 

AD515 

AD ADC-816 

HDH-0802 

SHA-1144 

310 

ADS 18 

ADC-10Z 

HDH-1003 

SSCT1621 

426 

AD528 

ADC-12QZ 

HDH-1205 

STM Series 

428 

AD530 

ADC- 141/1 71 

HDL-3806 

TSL1612 

429 

AD531 

ADC 1100 

HDS-0810E 

2B24 

432 

AD533 

ADC1105 

HDS-0820 

2B34 

433 

AD535 

ADC1111 

HDS-1015E 

2B52 

434 

AD545 

ADC1143 

HDS-1025 

2B53 

435 

AD567 

ADC-QM 

HDS-1240E 

2B56 

436 

AD611 

AD DAC-08 

IPA1751 

2B57A-1 

440 

AD651 

ADG201 

IRDC1730 

2B58A 

442 

AD801 

ADSHC-85 

IRDC1731 

2B59A 

450 

AD2004 

API1620/1718 

IRDC1732 

2S20 

452 

AD2006 

BDM 1615/16 

IRDC1733 

40 

458 

AD2008 

BDM 1617 

MATV-0811 

44 

460 

AD2009 

CAV-0920 

MATV-0816 

45 

606 

AD2016 

CAV-1210 

MATV-0820 

46 

610 

AD2020 

DAC-M 

MCI 1794 

48 

756 

AD2033 

DAC-QS 

MOD-1005 

50 

903 

AD2036 

DAC-QZ 

MOD- 1020 

51 

906 

AD2037 

DAC-10Z 

OSC1754 

52 

915 

AD2038 

DAC1009 

RDC1721 

118 

926 

AD2040 

DAC1108 

RTM Series 

171 

947 

AD3554 

DAC1132 

SAC 1763 

233 

959 

AD3860 

DAC1146 

SBCD 1752/53 


968 

AD6012 

DAC1420 

SBCD1756/57 



AD7110 

DAC1422 

SCDX1623 



AD7118 

DAC1423 

SCM1677 



AD7506 


S DC 1604 



AD7507 


SDC1700/RDC1700 




AD7520 

AD7521 
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Substitution Guide for Product Families 

No Longer Available 


The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions 
and performance may be obtained with newer models, but - as a rule - they are not directly interchangeable. The closest 
recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is 
listed, or for further information, contact your local sales office. 



Closest 


Closest 


Closest 


Closest 


Recommended 


Recommended 


Recommended 


Recommended 

Model 

Equivalent 

Model 

Equivalent 

Model 

Equivalent 

Model 

Equivalent 

AD362 

AD 1362 

ADM501 

ADM501/506 

SERDEX 

(jlMAC-5000 

424 

435/AD534 

AD376 

AD1376 

ADP501 

ADP511 

SHA-1A 

None 

427 

None 

AD501 

AD711 

ADSHM-5 

HTC-0300 

SHA-3 

None 

454 

AD537 

AD502 

AD711 

CAV-1020 

MOD-1020 

SHA-4 

None 

456 

AD537 

AD505 

AD509 

CAV-1202 

None 

SHA-6 

SHA1144 

602J10 

AD524 

AD508 

AD517 

DAC-100F 

None 

THC-0300 

HTC-0300 

602J100 

AD524 

AD511 

AD711 

DAC-10H 

DAC-10Z 

THC-0750 

None 

602K100 

AD524 

ADS 12 

AD711 

DAC1106 

None 

THC-1500 

None 

603 

AD524 

AD513 

AD711 

DAC1112 

DAC12QS 

THS-0025 

HTC-0300 

605 

AD524 

AD514 

AD711 

DAC1118 

None 

THS-0060 

HTC-0300 

752 

759 

AD516 

AD711 

DAC1122 

AD7541 

THS-0225 

None 

901 

904 

AD520 

AD524 

DAC1125 

AD7533 

TSDC1608-1611 

TSL1612 

907 

921 

AD523 

AD549 

HDL-3805 

HDL-3806 

2N3954 

None 

908 

921 

AD546 

AD711 

HTC-0500 

HTC-0300 

2N5900 

None 

909 

921 

AD555 

AD7519 

IDC1703 

IRDC1730/1731 

41 

AD515 

931 

None 

AD559 

None 

MAH-0801 

HAS-0802 

43 

AD549 

932 

None 

AD612 

AD524 

MAH-1001 

HAS- 1002 

47 

48 

933 

None 

AD614 

AD524 

MAS-0801 

HAS-0802 

101 (Module) 

45 

935 

None 

AD810-813 

None 

MAS-1001 

HAS-1002 

102 

48 

942 

None 

AD814-816 

None 

MAS-1202 

HAS- 1202 

106 

118 

944 

None 

AD818 

None 

MDA-LB 

None 

107 

118 

946 

None 

AD820-822 

None 

MDA-LD 

None 

108 

52 

948 

947 

AD830-833 

None 

MDA-UB 

None 

110 

48 

956 

None 

AD835-839 

None 

MDA-UD 

None 

111 

AD308 

971 

921 

AD 1408 

None 

MDA-8H 

None 

114 

None 



AD1508 

None 

MDA-10H 

None 

115 

None 



AD2003 

AD2021 

MDA-10Z 

None 

120 

50 



AD2022 

None 

MDA-11MF 

AD7521 

141 

40 



AD2023 

None 

MDH-0870 

None 

142 

48 



AD2024 

None 

MDH-1001 

None 

143 

52 



AD2025 

None 

MDH-1202 

None 

146 

AD382 



AD2027 

None 

MDMS-0801 

AD9768 

149 

50 



AD2028 

None 

MDMS-1001 

HDM-1210 

153 

AD517 



AD50 10/6020 

AD9000 

MDMS-1101 

HDM-1210 

161 

None 



AD7115 

None 

MDS-0815 

None 

163 

None 



AD7513 

None 

MDS-0815E 

None 

165 

None 



AD7516 

AD7510DI 

MDS-0830 

HDS-0820 

170 

171 



AD7519 

None 

MDS-0850 

HDS-0820 

180 

AD OP-07 



AD7527 

None 

MDS-1020 

None 

183 

184 



AD7544 

None 

MDS-1020E 

None 

220 

234 



AD7555 

None 

MDS-1040 

HDS-1025 

230 

235 



AD7560 

None 

MDS-1080 

HDS-1025 

231 

233 



AD7570 

None 

MDS-1240 

None 

232 

235 



AD7583 

None 

MDSL-0802 

HDS-0820 

274J 

284J 



ADC-8S 

None 

MDSL-0825 

None 

279 

286J 



ADC1102 

None 

MDSL-1002 

HDS-1025 

280 

281 



ADC1103 

None 

MDSL-1035 

None 

282J 

292A 



ADC1109 

None 

MDSL-1201 

HDS-1250 

283J 

292A 



ADC1121 

AD7550 

MDSL-1250 

None 

301 (Module) 

52 



ADC 11 33 

None 

RTI-1200 

RTI-711 Series 

302 

310 (Module) 



ADDAC100 

None 

RTI-1201 

RTI-71 ISeries 

311 

None 



ADG200 

None 

RTI-1202 

RTI-711 

350 

None 
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Technical Publications 


TECHNICAL PUBLICATIONS 

Analog Devices provides a wide array of FREE technical publi- 
cations. These include Data Sheets for all products, Catalogs, 
Application Notes and Guides and four serial publications. 
Analog Productlog , a digest of new-production information; 

DS Patch™ , a newsletter about digital signal-processing (appli- 
cations); Analog Briefings , current information about products 
for military/avionics and the status of reliability at ADI; and 
Analog Dialogue, our technical magazine, with in-depth discus- 
sions of products, technologies and applications. 

In addition to the free publications, five technical reference 
books are available at reasonable cost. Subsystem products are 
supported with hardware, software, and user documentation, at 
prices related to content. 

Brief descriptions of typical publications appear below. For cop- 
ies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 

Data Acquisition Products Databooks. Contain selection 
guides, data sheets and other useful information about all Ana- 
log Devices ICs, hybrids, modules and subsystem com- 
ponents recommended for new designs. The 1989/90 series 
consists of: 

DATA CONVERSION PRODUCTS DATABOOK- 1989/90. 
Data Sheets and Selection Guides on D/A, A/D, V/F, and F/V 
Converters, Sample-Track/Hold Amplifiers, Voltage References, 
Multiplexers & Switches, Synchro-Resolver Converters, Data 
Acquisition Subsystems, Application-Specific ICs. (Available 
FREE.) 

DSP PRODUCTS DATABOOK- 1989. Data Sheets, Selection 
Guides and Application Notes on DSP Microprocessor, Micro- 
coded Support Components, Floating-Point Components and 
Fixed-Point Components. (Available FREE.) 

LINEAR PRODUCTS DATABOOK- 1989/90 . Data Sheets 
and Selection Guides on Op Amps, Instrumentation Amplifiers, 
Isolators, RMS-to-DC Converters, Multipliers/Dividers, Log/ 
Antilog Amplifiers, RMS-to-DC Converters, Comparators, 
Temperature-Measuring Components and Transducers, Special 
Function Components, Digital Panel Instruments, Signal- 
Conditioning Components and Subsystems. (Available FREE.) 

MILITARY PRODUCTS DATABOOK. Information and 
data on products processed in accordance with MIL- STD-8 8 3 
Class B. 

PERSONAL-COMPUTER BASED MEASUREMENT & 
CONTROL SOLUTIONS— Hardware and Software. Data 
acquisition for various buses, including PC/XT/AT* and PS/2* 
Micro Channel*, Modular Signal Conditioners, Signal- 
Conditioning Panels, Application Software, and Driver Soft- 
ware. Includes Do-It-Yourself Ordering Guides and Hot Line 
( 1 -800-4- AN ALOG) . 

POWER SUPPLIES-Linear Supplies* DC-DC Converters. 
12-page short-form catalog listing ac/dc power supplies, modular 
dc/dc converters, power-supply test procedures, transients, ther- 
mal derating, mechanical outlines of packages and sockets. 


APPLICATION NOTES AND GUIDES 

All are available upon request. 

Application Notes. 

A/D Converters: 

“Exploring the AD667 12-Bit Analog Output Port.” 

“Interacing the AD7572 to High-Speed DSP Processors.” 

“The AD7574 Analog-to-Microprocessor Interface.” 

Amplifiers: 

“An IC Amplifier User’s Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change.” 

“Applications of High-Performance BiFET Op Amps.” 

“A User’s Guide to IC Instrumentation Amplifiers.” 

“How to Select Operational Amplifiers.” 

“How to Test Basic Operational Amplifier Parameters.” 

“Low-Cost Two-Chip Voltage-Controlled Amplifier and 
Video Switch.” 

“Using the AD9610 Transimpedance Amplifier.” 

D/A Converters: 

“AD7528 Dual 8-Bit CMOS DAC Application Note.” 

“Analog Panning Circuits Provide Almost Constant Output 
Power.” 

“Bipolar Operation with the AD7572.” 

“Circuit Applications of the AD7226 Quad CMOS DAC.” 

“CMOS D/A Converter Circuits for +5-Volt Supplies.” 

“CMOS DACs and Operational Amplifiers Combine to 
Build Programmable-Gain Amplifiers.” 

“Eighth Order Programmable Low-Pass Analog Filter 
Using Dual 12-Bit DACs.” 

“Gain, Error, and Tempco of CMOS Multiplying DACs.” 

“Generate 4 Channels of Analog Output Using AD7542 
12 -Bit D/A Converters and Control the Lot with Only 
Two Wires.” 

“How to Obtain the Best Performance from the AD7572.” 

“Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 
and MCS-51 Microcomputer Families.” 

“Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control.” 

“Simple Interface Between D/A Converter and 
Microcomputer Leads to Programmable Sine-Wave 
Oscillator.” 

“The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges.” 

“Three-Phase Sine Wave Generation Using the AD7226 
Quad DAC.” 

Digital Signal-Processing (Note: Four additional DSP Applica- 
tion Notes will be found in the 1989 DSP Products Databook)’, 

“Considerations for Selecting a DSP Processor.” 
(ADSP-2100A vs. TMS320C25) 

“Implement a Cache Memory in Your Word-Slice® 

System.” 

“Implement a Writeable Control Store in Your 
Word-Slice® System.” 

“Loading an ADSP-2101 Program via the Serial Port.” 

“Sharing the Output Bus of the ADSP-1401 Microprogram 
Sequencer.” 

DSPatch is a trademark of Analog Devices, Inc. 

Word-Slice is a registered trademark of Analog Devices, Inc. 

PC/XT/AT, PS/2 and Micro Channel are trademarks of International 

Business Machines Corporation. 
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“Variable- Width Bit Reversing with the ADSP-1410 
Address Generator.” 

Resolver-to-Digital Conversion: 

“Circuit Applications of the 2S81 and 2S80 Resolver- 
to-Digital Converters.” 

“Dynamic Characteristics of Tracking Converters.” 

“Dynamic Resolution-Switching on the 1S74 Resolver- 
to-Digital Converter.” 

“Why the Velocity Output of the 1S74 and 1S64 Series R/D 
Converters Is Continuous and Step-Free Down to Zero 
Speed.” 

Sample-Holds: 

“Applying IC Sample-Hold Amplifiers.” 

“Generate 4 Channels of Analog Output Using AD7542 
12-Bit D/A Converters and Control It All with Only Two 
Wires.” 

Switches: 

“ADG201A/202A and ADG22 1/222 Performance with 
Reduced Power Supplies.” 

“Overvoltage Protection for the ADG5XXA Multiplexer 
Series.” 

Temperature Measurement: 

“A Cost-Effective Approach to Thermocouple Interfacing in 
Industrial Systems.” 

“Use of the AD590 Temperature Transducer in a Remote 
Sensing Application.” 

V/F Converters: 

“Analog-to-Digital Conversion Using Voltage-to-Frequency 
Converters (AD651).” 

“Operation and Applications of the AD654 IC V-to-F 
Converter.” 

Video Applications: 

“Changing Your VGA Design from a 171/176 to an 
ADV471 ” 

“Improved PCB Layouts for Video RAM-DACs Can Use 
Either PLCC or DIP Package Types.” 

“The AD9502 Video Signal Digitizer and Its Application.” 

“Video Formats & Required Load Terminations.” 

Application Guides. 

Analog CMOS Switches and Multiplexers. A 16-page short-form 
guide to high-speed CMOS switches, CMOS switches with 
dielectric isolation and CMOS multiplexers. Also included are 
reliability data and information on single-supply operation. 

Applications Guide for Isolation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, instru- 
mentation and medical applications. 

CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989—64 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Operation Using Voltage-Switching Mode, The 
Logic Interface, Applications. 

ESD Prevention Manual - Protecting ICs from electrostatic dis- 
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. 


High-Speed Data Conversion - A 24-page short-form guide to 
video and other high-speed A/D and D/A converters and 
accessories, in forms ranging from monolithic ICs to card-level 
products. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986—61 pages). RMS-DC Conver- 
sion: Theory, Basic Design Considerations; RMS Application 
Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Surface Mount IC— A 28 page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

DSP MANUALS 

Available at no charge for single copies; write on letterhead. 

ADSP-2I00 Family Support Publications— for the ADSP-2100 
and ADSP-2101 single-chip signal processors. 

ADSP-2100 USER'S MANUAL. Introduction, Computational 
Units, Data Moves, Program Control, System Interface, Instruc- 
tion Set Overview, Appendixes. 162 pages. 

ADSP-2100 CROSS-SOFTWARE MANUAL. Overview, Sys- 
tem Builder, Assembler, Linker, Simulator, PROM Splitter, 

C Compiler, Instruction Set Overview, Appendixes. 240 pages 
plus Programmer’s Reference Card. 

ADSP-2100 EMULATOR MANUAL. Overview, Installation, 
Configuration, Operation, Development Examples, Trace 
Buffer, Appendixes. 144 pages. 

ADSP-2100 EVALUATION BOARD MANUAL. Overview; 
Installation; Configuration; Operation; Analog Interface; Proto- 
typing Connector; Demonstration Programs; Appendixes: Speci- 
fication, Replacing Hardware, Terminal Emulation, Memory 
Expansion, Demo Disk, Schematics/Data Sheets. 156 pages. 

ADSP-2101 USER'S MANUAL— Architecture. Introduction, 
Computational Units, Data Moves, Program Control, Timer, 
Serial Ports, System Interface, Memory Interface, Instruction 
Set Overview, Appendixes. 184 pages. 

ADSP-2100 FAMILY APPLICATIONS HANDBOOK, 

Volume 1 . Introduction, Fixed-Point Arithmetic, Floating-Point 
Arithmetic, Fixed-Coefficient Digital Filters, FFTs, Adaptive 
Filters, Image Processing, Linear Predictive Speech Coding, 
High-Speed Modem Algorithms, Bibliography. 178 pages. 

ADSP-2100 FAMILY APPLICATIONS HANDBOOK , 
Volume 2. Overview, Graphics, Multirate Filters, PCM, 
ADPCM, Dual-Tone Multi-Frequency (DTMF). 248 pages. 

ADSP-2100 FAMILY APPLICATIONS HANDBOOK, 

Volume 3. Introduction, Fast Fourier Transforms, Memory 
Interface, Multiprocessing, Host Interface, Sonar Beamforming. 
168 pages. 

Word-Slice User’s Manual (ADSP-1401/ ADSP-1402 Program 
Sequencers and ADSP-1410 Address Generator). Introduction; 
Program Sequencers: Internal Architecture, Jumps, Interrupt 
Processing, System Interface, Instruction Set; ADSP-1410: 
Internal Architecture, Addressing Operations, Precision Modes, 
System Interface, Instruction Set. 218 pages. 
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Technical Publications 


TECHNICAL REFERENCE BOOKS -Can be purchased 
from Analog Devices, Inc.; send check for indicated amount to 
One Technology Way, P.O. Box 796, Norwood, MA 02062. If 
more than one book is ordered, deduct a discount of $1 from 
the price of each book. VISA accepted; phone (617) 461-3392. 

ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition , by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice-Hall 
(1986). A comprehensive guide to A/D and D/A converters and 
their applications. This third edition of our classic is in hard- 
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro- 
resolver, V/F, high-resolution, and logarithmic converters, ICs 
for DSP, and a “Guide for the Troubled.” Seven of its 22 chap- 
ters are totally new. $32.95 

NEW-DIGITAL SIGNAL PROCESSING IN VLSI, by 
Richard J. Higgins. Englewood Cliffs NJ: Prentice-Hall (1990). 
An introductory 614-page guide for the engineer and scientist 
who needs to understand and use DSP algorithms and 
special-purpose DSP hardware ICs— and the software tools 
developed to carry them out efficiently. Real-World Signal 
Processing; Sampled Signals and Systems; The DFT and the 
FFT Algorithm; Digital Filters; The Bridge to VLSI; Real DSP 
Hardware; Software Development for the DSP System; DSP 
Applications; plus Bibliography and Index. $38.00 


NONLINEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs , by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, speci- 
fications, testing, and application of these devices-Contains 325 
illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION , edited by Geoff 
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H= Sheingold. Nor- 
wood MA: Analog Devices, Inc. (1980). A book for the elec- 
tronic engineer who must interface transducers for temperature, 
pressure, force, level, or flow to electronics, these 260 pages tell 
how transducers work— as circuit elements— and how to connect 
them to electronic circuits for effective processing of their 
signals. $14.50 

*Inductosyn is a registered trademark of Farrand Industries, Inc. 
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Worldwide Service Directory 


North America 


Alabama 

(205) 536-1506 

Alaska 

*(206) 575-6344 
*(714) 641-9391 
Arizona 
(602) 949-0048 
*(719) 590-9952 

Arkansas 

*(214) 231-5094 

California 

*(714) 641-9391 
*(408) 559-2037 
*(619) 268-4621 

Colorado 

(303) 443-5337 
*(719) 590-9952 

Connecticut 

(516) 673-1900 
*(617) 329-4700 

Delaware 

*(215) 643-7790 

Florida 

(407) 855-0843 
(407) 724-6795 
(813) 963-1076 

Georgia 

(404) 497-9404 

Hawaii 

*(714) 641-9391 


Idaho 

(303) 443-5337 
*(719) 590-9952 
*(206) 575-6344 

Illinois 

(312) 520-0710 

Indiana 

(317) 244-7867 

Iowa 

(319) 373-0200 

Kansas 

(913) 829-2800 

Kentucky 

(615) 459-0743 
*(617) 329-4700 

Louisiana 

*(214) 231-5094 

Maine 

*(617) 329-4700 

Maryland 

*(301) 992-1994 

Massachusetts 

*(617) 329-4700 

Michigan 

(313) 559-9700 


Minnesota 

(612) 835-2414 

Mississippi 

(205) 536-1506 

Missouri 

(314) 521-2044 
(913) 829-2800 

Montana 

(801) 466-9336 
*(714) 641-9391 

Nebraska 

(913) 829-2800 

Nevada 

(505) 828-1300 
*(408) 559-2037 
*(714) 641-9391 

New Hampshire 

*(617) 329-4700 

New Jersey 

(516) 673-1900 
*(617) 329-4700 
*(215) 643-7790 

New Mexico 

(505) 828-1300 
*(719) 590-9952 

New York 

(516) 673-1900 
(716) 425-4101 


North Carolina 

(919) 373-0380 
(704) 846-1702 

North Dakota 

(612) 835-2414 

Ohio 

(216) 248-4995 
*(614) 764-8795 

Oklahoma 

*(214) 231-5094 

Oregon 

*(206) 575-6344 

Pennsylvania 

*(215) 643-7790 
(412) 745-8441 

Rhode Island 

*(617) 329-4700 

South Carolina 

(919) 373-0380 

South Dakota 

(612) 835-2414 

Tennessee 

(205) 536-1506 
(615) 459-0743 

Texas 

*(214) 231-5094 


Utah 

(801) 466-9336 
*(719) 590-9952 

Vermont 

*(617) 329-4700 

Virginia 

*(301) 992-1994 

Washington 

*(206) 575-6344 

West Virginia 

*(614) 764-8795 

Wisconsin 

(414) 784-7736 

Wyoming 

(801) 466-9336 

Puerto Rico 

*(617) 329-4700 

Canada 

(416) 821-7800 
(613) 729-0023 
(514) 697-0804 
(604) 941-7707 

Mexico 

*(617) 329-4700 


*Analog Devices, Inc. Direct Sales Offices 


WORLDWIDE HEADQUARTERS 

One Technology Way, P.O. Box 9106, Norwood, Massachusetts 02062-9106 U.S.A. 
Tel: (617) 329-4700, TWX: (710) 394-6577, FAX: (617) 326-8703, Telex: 924491 
Cable: ANALOG NORWOODMASS 
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Worldwide Service Directory 

International 


Australia 

(02) 4383900 
(613) 5931033 

Austria 

*(222) 885504 

Belgium 

*(3) 2371672 

Brazil 

(11) 531-9355 

Denmark 

*(42) 845800 

Finland 

(0) 8041041 

France 

*(1) 46662525 
*(76) 222190 
*(61) 408562 
*(99) 834666 

Holland 

*(1620) 81500 

Hong Kong 

(5) 8339013 


India 

(212) 333880 
(11) 6862460 
(812) 560506 

Ireland 

*(932) 253320 
(United Kingdom 
Sales) 

Israel 

**52* 91 1415 
*(52) 913551 

Italy 

*(2) 614-0977 
*(6) 8393405 
*(11) 6504572 
(2) 9520551 
(51) 555614 
(49) 633600 
(6) 390083 
(11) 599224 

Japan 

*(3) 2636826 
*(6) 3721814 

Korea 

(2) 536-4788 

Malaysia 

(65) 2848537 


Mexico 

(83) 351721 
(83) 351661 

New Zealand 

(9) 592629 

Norway 

(3) 847099 

People's Republic 
of China - Beijing 

(1) 890721, Ext. 120 

Romania 

*(222) 885504 
(Austria) 

Singapore 

(65) 2848537 

South Africa 

(11) 882-1620 

Spain 

(1) 7543001 
(3) 3007712 

Sweden 

*(8) 282740 

Switzerland 

*(22) 731-5760 
*(1) 8200102 


*Analog Devices, Inc. Direct Sales Offices 

WORLDWIDE HEADQUARTERS 

One Technology Way, P.O. Box 9106, Norwood, Massachusetts 02062-9106 U.S.A. 
Tel: (617) 329-4700, TWX: (710) 394-6577, FAX: (617) 326-8703, Telex: 924491 
Cable: ANALOG NORWOODMASS 


Taiwan 

(2) 501-8170 

Turkey 

(1) 3372245 

United Kingdom 

*(932) 232222 
*(932) 253320 
(Sales) 

*(1) 9411066 
*(635) 35335 
*(506) 30306 
*(21) 5011166 
*(279) 418611 

United States of 
America 

*(617) 329-4700 

West Germany 

*(89) 570050 
*(4181) 8051 
*(721) 48567 
*(30) 316441 
*(221) 686006 

Yugoslavia 

*(222) 885504 
(Austria) 
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Product Index 


Alpha-Numeric by Model Number 
Model 

AC2626 

AD101 

AD 108/208/308 

ADI 08 A/208 A/308 A 

ADI 11/21 1/311 

AD202/204 

••AD203N 

AD210 

AD246 

AD293 

AD294 

AD295 

AD345 

AD346 

AD351 

AD363 

AD364 

AD365 

AD367 

AD368 

AD369 

AD370/371 

AD380 

AD381 

AD382 

•AD386 

AD389 

AD390 

AD392 

AD394 

AD395 

AD396 

AD503 

AD506 

AD507 

AD509 

AD510 

AD515 

AD515A 

AD517 

AD518 

AD521 

AD522 

AD524 

AD526 

AD528 

AD530 

AD531 

AD532 

AD533 

AD534 

AD535 

AD536A 

AD537 


Page* 

Model 

. . L 

AD538 . 

C 15-4 

AD539 . 

C 15-4 

AD542 . 

C 15-4 

AD544 . 

C 15-4 

AD545 . 

. . L 

••AD545A 

. . L 

••AD546 . 

. . L 

AD547 . 

. . L 

AD548 . 

C 15-4 

AD549 . 

C 15-4 

AD557 . 

. . L 

AD558 . 

. . L 

AD561 . 

C 6-5 

AD562 . 

C 15-4 

AD563 . 

C 9-5 

AD565A 

C 9-5 

AD566A 

. . L 

AD567 . 

C 9-13 

AD568 . 

C 9-19 

AD569 . 

C 9-19 

AD570 . 

C 15-4 

AD571 . 

. . L 

AD572 . 

. . L 

AD573 . 

. . L 

AD574A 

C 6-11 

AD575 . 

C 6-25 

AD578 . 

C 2-13 

AD579 . 

C 2-21 

AD580 . 

C 2-27 

AD581 . 

C 2-27 

AD582 . 

C 2-35 

AD583 . 

C 15-4 

AD584 . 

C 15-4 

AD585 . 

. . L 

AD586 . 

. . L 

AD587 . 

C 15-4 

AD588 . 

C 15-4 

AD589 . 

. . L 

AD590 . 

. . L 

AD592 . 

C 15-4 

AD594 . 

. . L 

AD595 . 

. . L 

AD596 . 

. . L 

AD597 . 

. . L 

AD611 . 

C 15-4 

AD624 . 

C 15-4 

AD625 . 

C 15-4 

AD630 . 

. . L 

AD632 . 

C 15-4 

AD636 . 

. . L 

AD637 . 

C 15-4 

AD639 . 

. . L 

••AD640 . 

C 4-5 

AD642 . 


*C = Data Conversion Products Databook , D = DSP Products Databook, L = Linear Products Databook. 
•New product since publication of 1 988 Data Conversion Products Databook. 

••New product since publication of 1988 Linear Products Databook. Call or write for individual data sheet. 


Page* 

. . L 
. . L 
. . L 
. . L 
C 15-4 
. . L 
. . L 
. . L 
. . L 
. . L 
C 2-43 
C 2-47 
C 2-55 
C 2-59 
C 2-59 
C 2-63 
C 2-63 
C 15-4 
C 2-71 
C 2-83 
C 3-15 
C 3-15 
C 3-21 
C 3-29 
C 3-37 
C 3-49 
C 3-57 
C 3-63 
C 8-5 
C 8-9 
C 6-31 
C 6-35 
C 8-15 
C 6-37 
C 8-23 
C 8-31 
C 8-39 
C 8-51 
. . L 
. . L 
. . L 
. . L 
. . L 
. . L 
C 15-4 
. . L 
. . L 
. . L 
. . L 
. . L 
. . L 
. . L 
. . L 
. . L 
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Model Page* 

AD644 L 

AD647 L 

AD648 L 

AD650 C 4-13 

AD651 C 15-4 

AD652 C 4-25 

AD654 C 4-41 

•AD662 C 2-95 

AD664 C 2-103 

AD667 C 2-123 

AD668 C 2-131 

AD670 C 3-69 

AD673 C 3-81 

AD674A C 3-89 

AD678 C 3-99 

AD679 C 3-111 

•AD684 C 6-43 

AD689 C 8-55 

AD693 L 

AD707 L 

AD708 L 

AD711 L 

AD712 L 

AD713 L 

AD736 L 

AD737 L 

AD741 Series L 

AD744 L 

AD746 L 

AD767 C 2-135 

AD770 C 3-123 

•AD779 C 3-135 

AD790 L 

AD801 C 15-4 

AD821 L 

AD834 L 

AD840 L 

AD841 L 

AD842 L 

••AD843 L 

••AD844 L 

AD845 L 

AD846 L 

AD847 L 

AD848 L 

AD849 L 

AD890 L 

AD891 L 

ADI 139 C 2-143 

ADI 145 C 2-149 

ADI 147 C 2-155 

ADI 148 C 2-155 

•ADI 154 C 6-51 

ADI 170 C 3-147 


Model Page* 

AD1175K C 3-159 

•AD1330 C 9-29 

AD1332 C 9-31 

•AD 1334 C 9-49 

•AD 1362 C 9-65 

AD1376 C 3-167 

•AD1377 C 3-175 

AD1380 C 3-183 

AD 1403/ 1403 A C 8-63 

•AD 1678 C 3-191 

•AD1679 C 3-203 

•ADI 779 . , C 3-215 

•AD 1856 C 2-161 

•AD 1860 C 2-171 

AD2004 C 15-4 

AD2006 C 15-4 

AD2008 C 15-4 

AD2009 . . . C 15-4 

AD2010 L 

AD2016 C 15-4 

AD2020 C 15-4 

AD2021 L 

AD2026 L 

AD2033 C 15-4 

AD2036 C 15-4 

AD2037 C 15-4 

AD2038 C 15-4 

AD2040 C 15-4 

AD2050 L 

AD2051 L 

AD2060 L 

AD2061 L 

AD2070 L 

AD2071 L 

AD2700/2701/2702 C 8-67 

AD27 10/27 12 C 8-71 

AD3554 C 15-4 

AD3860 C 15-4 

AD5200 Series C 3-227 

AD5210 Series C 3-227 

AD5240 C 3-547 

AD5539 L 

AD6012 C 15-4 

AD7110 C 15-4 

AD7111 C 2-183 

AD7118 C 15-4 

AD7224 C 2-189 

AD7225 C 2-193 

AD7226 C 2-199 

AD7228 C 2-205 

•AD7237 C 2-213 

AD7245 C 2-221 

•AD7247 C 2-213 

AD7248 C 2-221 


*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook. 
•New product since publication of 1 988 Data Conversion Products Databook. 

••New product since publication of 1988 Linear Products Databook. Call or write for individual data sheet. 
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Model Page* 

••AD7341 L 

••AD7371 L 

AD7501 C 7-7 

AD7502 C 7-7 

AD7503 C 7-7 

AD7506 . . . C 15-4 

AD7507 C 15-4 

AD7510DI C 7-9 

AD7511DI C 7-9 

AD7512DI C 7-9 

AD7520 C 15-4 

AD7521 C 15-4 

AD7522 C 15-4 

AD7523 C 15-4 

AD7524 C 2-235 

AD7525 C 15-4 

AD7528 C 2-241 

AD7530 C 15-4 

AD7531 C 15-4 

AD7533 C 2-245 

AD7534 C 2-251 

AD7535 C 2-255 

AD7536 C 2-259 

AD7537 C 2-263 

AD7538 C 2-267 

AD7541 C 15-4 

AD7541A C 2-275 

AD7542 C 2-281 

AD7543 C 2-289 

AD7545 C 2-293 

AD7545A C 2-297 

AD7546 C 15-4 

AD7547 C 2-301 

AD7548 C 2-305 

AD7549 C 2-317 

AD7550 C 15-4 

AD7552 C 15-4 

AD7569 C 3-233 

AD7571 C 15-4 

AD7572 C 3-253 

AD7574 C 15-4 

AD7575 C 3-265 

AD7576 C 3-269 

AD7578 C 3-273 

AD7579 C 3-279 

AD7580 C 3-279 

AD7581 C 3-295 

AD7582 C 3-303 

AD7590DI C 7-13 

AD7591DI C 7-13 

AD7592DI C 7-13 

AD7628 C 2-325 

•AD7669 C 3-233 

AD7672 C 3-309 


Model Page* 

•AD7769 C 3-325 

•AD7772 C 3-341 

AD7820 C 3-357 

AD7821 C 3-367 

AD7824 C 3-379 

AD7828 C 3-379 

•AD7840 C 2-329 

AD7845 C 2-345 

•AD7846 C 2-357 

•AD7848 C 2-371 

AD7870 C 3-391 

•AD7871 C 3-407 

•AD7872 C 3-407 

AD7878 C 3-419 

AD9000 C 3-435 

AD9002 C 3-443 

AD9003 C 3-451 

•AD9005 C 3-459 

•AD9006 C 3-467 

•AD9011 C 3-483 

•AD9012 C 3-489 

•AD9016 C 3-467 

•AD9028 C 3-497 

•AD9038 C 3-497 

•AD9048 C 3-509 

•AD9300 C 7-17 

AD9500 L 

••AD9501 L 

AD9502 C 3-517 

AD9521 L 

AD9610 L 

AD9611 L 

••AD9615 L 

AD9685/87 L 

AD9686 L 

AD9688 C 3-525 

••AD9696 L 

••AD9698 L 

AD9700 C 2-379 

AD9701 C 2-385 

AD9702 C 2-391 

AD9703 C 2-395 

•AD9712 C 2-399 

•AD9713 C 2-399 

AD9768 C 2-403 

••AD9901 L 

AD75003 C 11-1 

AD75004 C 11-1 

AD96685/87 L 

AD ADC71/72 C 3-531 

AD ADC80 C 3-539 

AD ADC84/85 C 3-457 

AD ADC-816 C 15-4 

ADC-10Z C 15-4 


*C = Data Conversion Products Databook , D = DSP Products Databook , L = Linear Products Databook . 
•New product since publication of 1988 Data Conversion Products Databook, 

••New product since publication of 1988 Linear Products Databook. Call or write for individual data sheet. 
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Model 


Model 


Page* 


ADC-12QZ C 15-4 

ADC- 141/1 71 C 15-4 

ADC1100 C 15-4 

ADC 1105 C 15-4 

ADC1111 C 15-4 

ADC1 130/1 131 C 3-555 

ADC 1140 C 3-559 

ADC 1143 C 15-4 

ADC-QM C 15-4 

AD DAC-08 C 15-4 

AD DAC71/72 C 2-407 

AD DAC80 C 2-411 

AD DAC85 C 2-411 

AD DAC87 C 2-411 

ADDS-21XX (Hardware) D 

ADDS-21XX (Software) D 

ADG201 C 15-4 

ADG201A C 7-25 

•ADG201HS C 7-29 

ADG202A C 7-25 

ADG211A C 7-37 

ADG212A C 7-37 

ADG221 C 7-41 

ADG222 C 7-41 

ADG506A C 7-45 

ADG507A C 7-45 

ADG508A C 7-53 

ADG509A C 7-53 

ADG526A C 7-57 

ADG527A C 7-57 

ADG528A C 7-65 

ADG529A C 7-65 

ADLH0032G/CG L 

ADLH0033G/CG L 

AD OP-07 L 

AD OP-27 L 

AD OP-37 L 

ADREF01 C 8-75 

ADREF02 C 8-75 

ADSHC-85 C 15-4 

ADSP-1008A D 

ADSP-1009A D 

ADSP-1010A D 

ADSP-1010B D 

ADSP-1012A D 

ADSP-1016A D 

ADSP-1024A D 

ADSP-1080A D 

ADSP-1081A D 

ADSP-1101 D 

ADSP-1110A D 

ADSP-1401 D 

ADSP-1402 D 

ADSP-1410 D 


ADSP-2100 

ADSP-2100A 

ADSP-2101 

ADSP-2101 Emulator .... 

ADSP-2102 

ADSP-3128A 

ADSP-3201/02 

ADSP-3210/11 

ADSP-3212 

ADSP-3220/21 

ADSP-3222 

ADV453 

ADV471 

ADV476 

ADV478 

ADVFC32 

API1620/1718 

BDM 1615/1616 

BDM 1617 

CAV-0920 

CAV-1040 

CAV-1205 

CAV-1210 

CAV-1220 

DAC-M 

DAC-QS 

DAC-QZ 

DAC-08 (see AD DAC-08) 

DAC-10Z 

DAC71/72 (see AD DAC71/72) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC85) 
DAC87 (see AD DAC87) 

DAC1009 

DAC1108 

D AC 1132 

DAC1136 

DAC1138 

DAC1146 

DAC1420 

D AC 1422 

D AC 1423 

DAS 1128 

DAS1150 

DAS1151 

DAS 11 52 

DAS1153 

DAS 1155 

DAS 11 56 

DAS 11 57 

DAS 11 58 

DAS 11 59 

DRC 1745/46 

DRC 1765/66 

DSC1705/06 


. . D 
. . D 
. . D 
. . D 
. . D 
. . D 
. . D 
. . D 
. . D 
. . D 
. . D 
C 2-421 
C 2-441 
C 2-431 
C 2-441 
. C 4-49 
. C 15-4 
. C 15-4 
. C 15-4 
. C 15-4 
C 3-563 
C 3-567 
. C 15-4 
C 3-569 
. C 15-4 
. C 15-4 
. C 15-4 

. C 15-4 


. C 15-4 
. C 15-4 
. C 15-4 
C 2-453 
C 2-453 
. C 15-4 
. C 15-4 
. C 15-4 
. C 15-4 
. C 15-4 
. C 15-4 
. C 15-4 
. C 9-73 
. C 9-73 
. C 15-4 
. C 15-4 
. C 9-77 
. C 9-77 
. C 9-77 
. C 5-7 
. C 15-4 
. C 15-4 


*C = Data Conversion Products Databook, D =DSP Products Databook , L = Linear Products Databook. 
•New product since publication of 1988 Data Conversion Products Databook. 

••New product since publication of 1988 Linear Products Databook. Call or write for individual data sheet. 


16-4 PRODUCTINDEX 



Model Page* 

DTM1716/17 C 15-4 

HAS-0802 C 15-4 

HAS- 1002 C 15-4 

HAS-1201 C 3-573 

HAS- 1202/ 1202 A C 3-579 

HAS- 1204 C 3-583 

HAS- 1409 C 3-587 

HDD-1206 C 2-459 

HDD-1409 C 15-4 

HDG Series C 2-463 

HDG-0807 C 2-467 

HDH-0802 C 15-4 

HDH-1003 C 15-4 

HDH-1205 C 15-4 

HDL-3806 C 15-4 

HDM-1210 C 2-471 

HDS-0810E C 15-4 

HDS-0820 C 15-4 

HDS-1015E C 15-4 

HDS-1025 C 15-4 

HDS-1240E C 15-4 

HDS-1250 C 2-477 

HOS-050/050A/050C L 

HO S -060 L 

HOS-IOOAH/SH L 

HOS-200 L 

HTC-0300A C 6-33 

HTS-0010 C 6-61 

HTS-0025 C 6-67 

IPA1751 C 15-4 

IPA1764 C 5-15 

IRDC1730 C 15-4 

IRDC1731 C 15-4 

IRDC1732 C 15-4 

IRDC1733 C 15-4 

LTS-2020 C 13-1 

MATV-0811 C 15-4 

MATV-0816 C 15-4 

MATV-0820 C 15-4 

MCI 1794 C 15-4 

MOD- 1005 C 15-4 

MOD- 1020 C 15-4 

MOD-1205 C 3-593 

OSC1754 C 15-4 

OSC1758 C 5-17 

RDC1721 C 15-4 

RDC 1740/ 1741/ 1742 C 5-19 

RTI-600 C 10-4 

RTI-602 C 10-4 

RTI-711 C 10-4 

RTI-724 C 10-4 

RTI-732 C 10-4 

RTI-800 C 10-2 

RTI-802 C 10-2 

RTI-815 C 10-2 


Model Page* 

RTI-817 C 10-2 

RTI-820 C 10-2 

RTI-850 C 10-2 

RTI-860 C 10-2 

RTI-1225 C 10-3 

RTI-1226 C 10-3 

RTI-1260 C 10-3 

RTI-1262 C 10-3 

RTI-1263 C 10-3 

RTI-1266 C 10-3 

RTI-1267 C 10-3 

RTI-1270 C 10-3 

RTI-1280 C 10-3 

RTI-1281 C 10-3 

RTI-1282 C 10-3 

RTI-1287 C 10-3 

RTM Series C 15-4 

SAC 1763 C 15-4 

SBCD1752/53 C 15-4 

SBCD1756/57 C 15-4 

SCDX1623 C 15-4 

SCM1677 C 15-4 

SDC1604 C 15-4 

SDC1700/RDC1700 C 15-4 

SDC1702/RDC1702 C 15-4 

SDC1704/RDC1704 C 15-4 

SDC1711/RDC1711 C 15-4 

SDC1721 C 15-4 

SDC1725/RDC1725 C 15-4 

SDC1726/RDC1726 C 15-4 

SDC1740/1741/1742 C 5-19 

SDC1768/RDC1768 C 15-4 

SHA-2A C 15-4 

SHA-5 C 15-4 

SHA-1114 C 15-4 

SHA-1134 C 15-4 

SHA1144 C 15-4 

SSCT1621 C 15-4 

STM Series C 15-4 

TSL1612 C 15-4 

1B21 L 

1B22 L 

1B31 L 

1B32 L 

1B41 L 

1B51 L 

IS 14 C 5-27 

1S20 C 5-35 

1S24 C 5-27 

1S40 C 5-35 

1S44 C 5-27 

1560 C 5-35 

1561 C 5-35 

1S64 C 5-27 


*C = Data Conversion Products Databook , D = DSP Products Databook , L = Linear Products Databook . 
•New product since publication of 1988 Data Conversion Products Databook. 

••New product since publication of 1988 Linear Products Databook. Call or write for individual data sheet. 
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Model Page* 

1S74 C 5-43 

2B20 . L 

2B22 L 

2B23 L 

2B24 C 15-4 

2B30 L 

2B31 L 

2B34 C 15-4 

2B35 C 12-1 

2B50 L 

2B52 C 15-4 

2B53 C 15-4 

2B54 L 

2B55 L 

2B56 C 15-4 

2B57A-1 C 15-4 

2B58A C 15-4 

2B59A C 15-4 

2B Series L 

2S20 C 15-4 

2S50 C 5-51 

2S54 C 5-53 

2S56 C 5-53 

•2S58 C 5-53 

2580 C 5-65 

2581 C 5-77 

2582 C 5-89 

3B Series L 

4B Series L 

5B Series L 

5S70 C 5-101 

5S72 C 5-101 

••6B Series L 

•6S04 C 5-103 

40 C 15-4 

44 C 15-4 

45 C 15-4 

46 C 15-4 

48 C 15-4 

50 C 15-4 

51 C 15-4 

52 C 15-4 

118 C 15-4 

171 C 15-4 

233 C 15-4 

234 C 15-4 

235 C 15-4 

260 C 15-4 

261 C 15-4 

272 C 15-4 

273 C 15-4 

275 C 15-4 

276 C 15-4 

277 C 15-4 


Model Page* 

284J L 

285 C 15-4 

286J/281 L 

288 C 15-4 

289 L 

290A/292A L 

310 C 15-4 

426 C 15-4 

428 C 15-4 

429 C 15-4 

432 C 15-4 

433 - C 15-4 

434 C 15-4 

435 C 15-4 

436 C 15-4 

440 C 15-4 

442 C 15-4 

450 C 15-4 

451 C 4-2 

452 C 15-4 

453 C 4-2 

458 C 15-4 

460 C 15-4 

606 C 15-4 

610 C 15-4 

755/759 L 

756 C 15-4 

757 L 

902/902-2 C 12-1 

903 C 15-4 

904 C 12-1 

905 C 12-1 

906 C 15-4 

915 C 15-4 

920 C 12-1 

921 C 12-1 

922 C 12-1 

923 C 12-1 

925 C 12-1 

926 C 15-4 

927 C 12-1 

928 C 12-1 

940 C 12-2 

941 C 12-2 

943 C 12-2 

945 C 12-2 

947 C 15-4 

949 C 12-2 

951 C 12-2 

952 C 12-1 

953 C 12-2 

955 C 12-1 

958 C 12-2 

959 C 15-4 


*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook. 
•New product since publication of 1988 Data Conversion Products Databook. 

••New product since publication of 1988 Linear Products Databook. Call or write for individual data sheet. 


1&-6 PRODUCTINDEX 



Model 


Page* Model 


960 C 12-2 970 

962 C 12-2 972 

964 C 12-2 973 

965 C 12-2 974 

966 C 12-2 975 

967 C 12-2 976 

968 C 15-4 977 


Page* 

C 12-1 
C 12-1 
C 12-1 
C 12-1 
C 12-1 
C 12-1 
C 12-1 


*C = Data Conversion Products Databook, D = DSP Products Databook , L = Linear Products Databook . 
•New product since publication of 1 988 Data Conversion Products Databook . 

••New product since publication of 1 988 Linear Products Databook. Call or write for individual data sheet. 
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□ ANALOG 
DEVICES 


WORLDWIDE HEADQUARTERS 

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106 U.S.A. 

Tel: (617) 329-4700, FAX: (617) 326-8703, Telex: 924491, Cable: ANALOG NORWOODMASS 

COMPLETE WORLDWIDE SALES OFFICE DIRECTORY CAN BE FOUND ON PAGES 15-9 AND 15-10. 
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